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Social cognition and Relevance:
How stereotypes impact the
processing of definite and
indefinite descriptions

Magali A. Mari* and Misha-Laura Müller

Institute of Communication and Cognitive Sciences, Cognitive Science Center, University of Neuchâtel,

Neuchâtel, Switzerland

This paper focuses on the impact of social cognition on thes processing of

linguistic information. More specifically, it brings some insights to Relevance

theory’s construal of MeaningNN, which seeks to account for non-propositional

meanings. It shows, through two experiments, how gender and nationality-

related stereotypes guide the processing of definite and indefinite descriptions.

Experiment 1 consists of a self-paced reading task (with 59 French native speakers),

introducing information confirming vs. violating gender stereotypes within a

nominal phrase (NP). TheNP (e.g., “chirurgien/chirurgienne”, “surgeonmale/female”)

was itself introduced either by a definite article (presupposition) or an indefinite

article (assertion). Results showed that information violating gender stereotypes

was costlier to process than stereotype-congruent information. Moreover,

when information violated gender stereotypes, definite descriptions became

significantly costlier than indefinite ones, because they required the identification

of a salient referent which contradicted stereotypical expectations. Experiment

2 tested the e�ects of definite vs. indefinite NP on processing nationality-

related stereotypes in a self-paced reading task (with 49 French native speakers).

Participants read definite vs. indefiniteNPs referring to representatives of a country.

The NP was subsequently paired with information that confirmed vs. contradicted

nationality stereotypes. Results showed that information contradicting nationality

stereotypes were significantly costlier to process than information confirming

stereotypes. Furthermore, when information contradicted nationality stereotypes,

indefinite descriptions (which promote a single occurrence reading) failed

to facilitate information processing compared to definite descriptions (which

promote a generalized representation of the social category). Overall, the present

findings are consistent with research on stereotypes, in that they show that

stereotype-incongruent information a�ect sentence processing. Importantly,

while Experiment 1 revealed that stereotypes a�ected the processing of linguistic

markers, Experiment 2 suggested that linguistic markers could not modulate the

processing of stereotypes.
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1. Introduction

This paper lies at the intersection of social cognition and
pragmatics. Using tools from the study of stereotypes, it contributes
to the theoretical framework of Relevance theory (Sperber and
Wilson, 1986, 2015). Relevance theory argues that meaning
derivation is guided by a comprehension heuristic. When exposed
to an ostensive verbal stimulus, the listener seeks for optimal
relevance, minimizing processing costs, to obtain most cognitive
effects through the acquisition, reinforcement, or revision of a belief
(cf. Sperber and Wilson, 2015, p. 135).

Initially, Relevance theory developed Grice’s theory of
implicatures (Grice, 1957, 1975), providing a cognitive explanation
for pragmatic inferences responsible for explicit and implicit
meanings. However, in recent years, it focused more on
argumentation and literary studies (Sperber et al., 2010;
Mercier and Sperber, 2011; Cave and Wilson, 2018; Wharton
and Strey, 2019). In this context, Relevance theory presented a new
research agenda oriented toward a broader approach to ostensive
communication (Sperber and Wilson, 2015): it is emphasized
that an adequate theory of meaning should include not only
“determinate propositions” conveyed by linguistic stimuli, but also
non-propositional meanings conveyed by verbal and non-verbal
cues. Among the examples mentioned, they present the following
exchange, for which the levels of analysis are broader than those
initially proposed in classical approaches in pragmatics:

(1) Rob: Do you live in London?
Jen: I live in Chelsea

(Sperber and Wilson, 2015, p. 144)
In the above, Jen implicitly answers Rob’s question in the

affirmative, given that Chelsea is a neighborhood in London.
However, the relevance of the utterance will not only depend on
determinate contents (on the level of explicature or implicature),
but also on less determinate ones, triggered by the tone of voice
or the social status of the speakers (Sperber and Wilson, 2015, p.
144). Here, Sperber and Wilson point out that when social status is
manifest, they will guide inferences in different ways. For example,
depending on their respective social status, Jen’s utterance may
express closeness because she shares more specific information
about where she lives, or it may express a sense of social superiority
that can be paraphrased as “I don’t live in just any part of London”.

According to Relevance theory, social status corresponds
to “encyclopedic information”, such as gender or nationality
stereotypes in this study. Encyclopedic information is used by
addressees to construct the context which guides them in making
interpretive inferences. In response to an ostensive stimulus,
the recipient constructs contextual hypotheses on the basis of
information that is more or less salient, and, respectively, more
or less easy to process. The construction of the context will allow
the addressee to infer the premises leading to the derivation of
an intentional explicature or implicature intended by the speaker
(Sperber and Wilson, 1986, p. 37).

Furthermore, it should be noted that the most recent lines
of research in Relevance theory argue that the comprehension
heuristic should be conceived as a broader process than
initially defined, accounting for less determinate meanings and

including non-verbal cues (Sperber and Wilson, 2015, p. 137).
Following these new perspectives, Wilson (2016, p. 15) argues
that linguistic markers may activate clusters of domain-specific
modules of cognition, such as mindreading, emotion reading,
or social cognition. The activation of these domain-specific
modules is presumed to have an effect on the relevance-guided
comprehension heuristic.

The present study aims to contribute to current discussions in
Relevance theory by testing the impact of gender and nationality-
related stereotypes on the processing of specific linguistic
information, namely definite and indefinite descriptions.

1.1. The processing of stereotypes

While reading, one must not only visually process the
written words but also understand their underlying meaning. To
comprehend a text, readers draw on different sources of knowledge,
namely linguistic, orthographic, and general world knowledge
(Perfetti and Stafura, 2014; Kendeou et al., 2016). As pointed
out by Relevance theory [cf. example (1)], making inferences lies
at the core of comprehension. With respect to reading tasks:
readers retrieve information from memory to construct a mental
representation of a text (Graesser et al., 1994; Elbro and Buch-
Iversen, 2013; Kendeou et al., 2016). The mental representation
combines elements that are derived explicitly from the text, as well
as elements that are implicit, coming from the readers’ previously
acquired knowledge (Gygax et al., 2021). As such, readers’ world
knowledge plays an essential role in reading comprehension.

While reading a word or a sentence, related concepts are
automatically activated in semantic memory (Gerrig and McKoon,
1998; O’Brien et al., 1998; Rapp and van den Broek, 2005;
Rubio-Fernández, 2013). For instance, upon reading sentence (2),
concepts such as LAWYER∗, LAW COURT∗, or CRIMINAL∗ are
likely to be activated and be more accessible in readers’ memory:

(2) The judge sentenced a burglar to two years in prison.

Similarly, theoretical accounts of stereotyping propose that
a given situation might increase the accessibility of stereotypic
knowledge in memory (Gilbert and Hixon, 1991; Quadflieg and
Macrae, 2011; Rees et al., 2020). For instance, upon reading
sentence (2), stereotypical representations of “the judge” and “a
burglar” will be activated in readers’ memory, allowing readers to
hold expectations about the likely traits, features, and behaviors
of the two protagonists (Klein and Bernard, 2015; Beukeboom
and Burgers, 2019). From this perspective, stereotypes function as
heuristics as they guide expectations about members of a social
category and are rapidly processed (Krieglmeyer and Sherman,
2012; Müller and Rothermund, 2014). When information violates
a stereotype, more cognitive effort is required to access stereotype-
incongruent information from associative memory, leading to
increased processing difficulty (Banaji and Hardin, 1996; Kutas and
Federmeie, 2000; Bartholow and Dickter, 2008; White et al., 2009).
Importantly, previous research showed that regardless of personal
opinions, people in the same context tend to be knowledgeable
about the stereotypes in their culture (Devine, 1989; Lepore and
Brown, 1997; Moskowitz et al., 1999; Quadflieg and Macrae, 2011;
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Beukeboom and Burgers, 2019). As such, if a word or a sentence
refers to a social category, readers within the same culture will
spontaneously produce inferences about this social category and
will most likely hold similar stereotypical expectations.

Overall, the effects of stereotype information on reading are
well-documented. An important line of research assessed how
gender stereotypes affect anaphora resolution of personal or
reflexive pronouns (see for e.g., Carreiras et al., 1996; Kennison
and Trofe, 2003; Duffy and Keir, 2004; Irmen, 2007; Esaulova et al.,
2014; Reali et al., 2015). These studies showed that reading times of
anaphoric pronouns were longer when stereotypical expectations
about role nouns did not match the gender of the pronoun (e.g.,
“The firefighter burned herself while rescuing victims from the
building”, Duffy and Keir, 2004, p. 553). Another line of research
tested whether readers make inferences about the gender of a
person upon reading a role noun (and so, not only when required
by the anaphora). For instance, Garnham et al. (2002) designed a
study in which readers could make inferences about the gender
of a character, without involving anaphora resolution (e.g., “The
soldier drove to the playgroup after work, and picked up one of
the children, who said ‘Look what I did today daddy!”’, Garnham
et al., 2002, p. 442, see also Reynolds et al., 2006; Lassonde,
2015). Their findings suggest that readers automatically encode
gender when they are exposed to role nouns, even though gender
information is not crucial for comprehension (Gygax et al., 2021).
Altogether, past studies revealed that, in various languages and
cultures, reading is slowed down when gender is incongruent
with stereotypical representations of role nouns (e.g., in English:
Garnham et al., 2002; Reynolds et al., 2006; Lassonde, 2015;
in Norwegian: Gabriel et al., 2017; in German: Irmen, 2007;
Esaulova et al., 2014; in Italian: Cacciari et al., 1997; in Spanish:
Carreiras et al., 1996). However, because gender is considered
as a primary social category1 (Brewer, 1988; Fiske, 1998), it is
not clear whether information processing would be affected by
stereotypical expectations about other social categories, that are
less primary than gender, such as nationality stereotypes. For this
reason, the present study compared, in a first experiment, the effects
of well-studied primary stereotypes (i.e., professions associated
with gender). In a second experiment, we assessed whether the
observed effects also apply to less studied stereotypes, such as
nationality stereotypes. Both experiments were designed to assess
the extent to which stereotypes impact the processing of specific
linguistic information (see next section below).

1.2. Research question and hypotheses

This study builds on Singh et al.’s (2016) experiment testing
the impact of plausible vs. implausible contexts on the processing
of definite and indefinite descriptions. While definite descriptions
trigger a presupposition of a salient referent, indefinite descriptions

1 Gender is considered as a primary social category because attention to

gender emerges early (see for e.g., Quinn et al., 2002) and because children

of 3–4 years of age are already aware of conventional gender stereotypes

(see for e.g., Weinraub et al., 1984; Leinbach et al., 1997; Shutts et al., 2009).

merely introduce a new referent (Singh et al., 2016, p. 619, but see
also Sperber and Wilson, 1986, p. 706).

According to Relevance theory, presuppositions and assertions
can be distinguished in terms of foreground and background
implications. While asserted contents contribute to relevance by
providing additional cognitive effects, presuppositions contribute
to relevance by saving efforts (Sperber and Wilson, 1986, p. 706).
With respect to indefinite descriptions, they will be responsible
for generating more effort because they present a noun as a new
referent to the reader. This is not the case with definite descriptions,
which present the noun phrase as “familiar” in context (cf. Heim,
1982; Roberts, 2003; Schwarz, 2009).

In Experiment 1, definite descriptions occur in a context that
requires a bridging inference (Clark, 1975). That is to say that
the referent is not explicitly mentioned in the preceding context,
thereby requiring the construction of a link between the context
(e.g., a hospital) and the noun (e.g., a/the surgeon). However,
each context sentence was designed to have a strong semantic
proximity with the target definite description, which facilitates
processing (Haviland and Clark, 1974; Garrod and Sanford, 1977;
Clifton, 2013; Schwarz, 2019). Bridging inferences are even easier in
Experiment 2, as they involve a context introducing a superordinate
concept (i.e., the name of a country), followed by a noun for a
subordinate concept (i.e., the inhabitants of the country).

With regard to Singh et al.’s (2016) study, they hypothesized
that implausible contexts, as in (3) below, would lead to an
increased processing difficulty upon reading the following sentence.
Moreover, within the implausible condition in (3), the definite
description was expected to be significantly more difficult to
process than the indefinite one, as it requires the identification of
a salient referent in an incompatible context.

Singh et al. used two methods to test participants, namely a
self-paced-reading task and a stop-making-sense task2. In both
methods, participants read a plausible vs. implausible context
sentence (3), followed by a definite or indefinite noun phrase
(henceforth NP). Implausible contexts were expected to make the
target NPs significantly costlier than plausible ones. Furthermore,
as mentioned above, definite NPs like (3b) were expected to be
costlier than indefinite ones like (3a) within implausible contexts:

(3) Mary went to the beachplausible / officeimplausible a
few hours ago.

(3a) A lifeguard warned her there about the weather.
(3b) The lifeguard warned her there about the weather.

(Singh et al., 2016, p. 631)
Singh et al. observed an effect of context plausibility, where

implausible contexts made the target NP (A/The lifeguard)
significantly costlier to process than plausible ones. However, no
significant difference was found when comparing definite NPs
with indefinite ones. An effect was only found in the stop-
making-sense task, when summing over all participants: In this

2 In the stop-making-sense task, participants were instructed to continue

making words appear, segment by segment, as long as the sentences made

sense. As soon as an incoming word or phrase did not make sense in the

context of the preceding words/phrases, participants were asked to end the

task (cf. Singh et al., 2016, p. 615).
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case the proportion of dropouts was significantly higher in the
presupposition condition (The lifeguard) than in the assertion
condition (A lifeguard) (Singh et al., 2016, p. 617). Importantly, no
effect was found between presupposition and assertion conditions
in the self-paced reading task (Singh et al., 2016, p. 618). In a
replication of Singh et al.s’ study, using eye-tracking and self-
paced-reading tasks (Müller and Mari, 2021), found significant
results for plausibility effects, but no difference between definite
and indefinite articles in the implausible condition, just like Singh
et al.

The present study seeks to take these experiments further,
using congruent vs. incongruent stereotypes instead of
plausible vs. implausible contexts. The use of stereotypes,
instead of context plausibility, is beneficial on two levels.
First, it solves the problem of “context plausibility”, which
involves effects from various possible sources (e.g., surprise,
comprehension problems, or also typicality effects). Importantly,
the stimuli in this experiment used only plausible contexts,
thus allowing the critical variable to be isolated, excluding
surprise effects or problems attributable to the comprehension
of the utterance. Second, as presented in the previous section,
stereotypes are widely studied and well-understood in terms of
reading tasks.

Experiment 1 consisted in a self-paced-reading task, assessing
the impact of gender stereotypes (i.e., a primary social category)
on the processing of asserted vs. presupposed contents. More
specifically, Experiment 1 aimed to replicate previous findings
on the effects of gender stereotypes on reading times cross-
linguistically (with French speaking Swiss participants) and
sought to identify the specific time course of processing gender
stereotypic information. To this end, Experiment 1 tested the
following hypothesis:

Hypothesis 1: information violating gender stereotypes (4a)
would be costlier to process than stereotype-congruent
information (4b), within a compatible context (4).

(4) Lucienne est allée à l’hôpital le mois
dernier. (Context sentence)

(4a) La/Une chirurgienne l’a opérée avec une
grande précision. (Stereotype-incongruent)

(4b) Le/Un chirurgien l’a opérée avec une grande
précision. (Stereotype-congruent)

[Lucienne went to the hospital last month. (Context sentence)
The/A surgeonfemale operated on her with great
precision. (Stereotype-incongruent)
The/A surgeonmale operated on her with great
precision. (Stereotype-congruent)]

Furthermore, and as in Singh et al. (2016) and Müller
and Mari (2021), Experiment 1 tested whether definite NPs
would lead to longer processing compared to indefinite NPs
when the information contradicts a gender stereotype. In
this case, the identification of a salient referent, required for
definite NPs, is inconsistent with the encoding of stereotype-
incongruent information.

Hypothesis 2: stereotype-incongruent NPs would be costlier to
process when presupposed through a definite description (e.g.,
“la chirurgienne”; “the surgeonfemale”) than when asserted
through an indefinite description (e.g., “une chirurgienne”;
“a surgeonfemale”).

Experiment 2 focused on the processing of nationality-related
stereotypes, i.e., a secondary social category, and their interaction
with definite and indefinite descriptions. To our knowledge,
only two papers have studied the processing of secondary social
categories. Dickinson (2011) focused on stereotypical inferences
regarding heterosexuality during reading tasks, and Lassonde
(2015) assessed stereotypical expectations regarding the behaviors
of social groups3. Whereas, Lassonde (2015) found that reading
times were longer for information that violated stereotypical
expectations about social groups, Dickinson (2011) failed to
reach conclusive results. Thus, given the limited information
available on secondary social categories, it is worth providing
new investigations.

In Experiment 2, participants first read a context sentence
introducing the name of a country. Two countries were
alternatively presented, for example Italy vs. Japan, as presented
below (5). The second sentence introduced a redundant NP
(“A/The Italian/s” vs. “A/The Japanese”), followed by an attribute
(“great seducer/s”) which was congruent (5a) or incongruent (5b)
with a stereotype:

(5) Mathilde est allée en Italie/ au Japon le week-end
dernier. (Context sentence)

(5a) Un/Les italien/s a/ont joué au/x grand/s séducteur/s durant
tout le séjour. (Stereotype-congruent)

(5b) Un/Les japonais a/ont joué au/x grand/s séducteur/s durant
tout le séjour. (Stereotype-incongruent)
[Mathilde went to Italy/Japan last
weekend. (Context sentence)
An/The Italian/s played the great seducer/s during the
whole stay. (Stereotype-congruent)
A/The Japanese played the great seducer/s during the whole
stay. (Stereotype-incongruent)]

Theoretical perspectives on stereotyping propose that any
kind of stereotype-incongruent information should be difficult to
process because it requires more cognitive effort to access this
information from associative memory (see for e.g., Banaji and
Hardin, 1996; Kutas and Federmeie, 2000; Bartholow and Dickter,
2008; White et al., 2009). Drawing from this perspective, the
following hypothesis was tested:

3 In Lassonde’s (2015) study, the stereotype-incongruent information was

introduced by a whole sentence (e.g., “The nuns said there was not enough

alcohol” vs. “The rockers said there was not enough alcohol”, Lassonde, 2015,

p. 161). In Dickinson’s (2011) study, the stereotype-incongruent information

was initiated by anaphora resolution (e.g., “Last night, in the packed movie

theatre Hannah screamed loudly until her wife held her close”, Dickinson,

2011, p. 457).
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Hypothesis 3: information violating nationality
stereotypes should elicit longer reading times than
stereotype-congruent information.

As illustrated above, the noun introducing the inhabitants of
the country was preceded either by a plural definite or by an
indefinite article. It should be noted that in French (in which
language the study was conducted), plural definites invite a generic
reading (Robinson, 2005, p. 18), thereby favoring a generalized
and taxonomic representation of the social category described.
However, in the present experimental setting, plural definites
remain referential, thus fulfilling the condition of a presupposition
(i.e., referring to a salient referent in the context)4. As for indefinite
NPs, they favor a single occurrence reading, thus presenting
information about the social category as singular in the provided
context5.

Following Sperber and Wilson (1986, p. 706), Experiment
2 tested whether readers would save processing efforts for
presupposed contents, as opposed to asserted ones:

Hypothesis 4: definite articles would be readmore quickly than
indefinite articles because they presuppose a referent which is
highly salient (redundant in the context).

Finally, we conducted exploratory analyses to evaluate whether
stereotype-incongruent information would be easier to process
when introduced by an indefinite article (single occurrence
reading) than by a definite one (generalized and definitional
representation of the social category). These exploratory analyses
aimed to evaluate whether stereotype-incongruent information was
easier to process when it is under the scope of an indefinite
description, as it promotes the reading of only one occurrence of
an unexpected representation.

2. Experiment 1

Experiment 1 aimed to further assess the specific processing
time course of gender stereotypes and to replicate previous
findings (i.e., that gender stereotype-incongruent information
is costly to process) cross-linguistically with French speaking
Swiss participants (Hypothesis 1). Experiment 1 also investigated
whether stereotype-incongruent information is costlier to process

4 Robinson (2005, p. 18) points out that generic readings in French can be

encoded either by singular or plural definite descriptions. One test allowing to

claim the presence of a generic reading is to see if the predicate cannot apply

to an individual (∗Paul est rare [∗Paul is rare]). In the present experimental

setting, predicates can apply to an individual (e.g., Paul a joué au grand

séducteur [Paul played the great seducer.]). This speaks in favor of a non-

generic reading of the stimuli.

5 Grice (1975, p. 56) provides examples with indefinite articles to illustrate

the phenomenon of generalized conversational implicatures [e.g., “X is

meeting a woman this evening.”; “X went into a house yesterday and found

a tortoise (…)”]. He explains that the use of the indefinite article promotes the

inference that the item is unfamiliar. In the present experimental design, the

use of the indefinite article includes the notion of unfamiliarity. However, it

also promotes a single occurrence reading.

when it is presupposed through a definite description compared to
when it is asserted though an indefinite description (Hypothesis 2).

2.1. Methods

2.1.1. Participants
For Experiment 1, 59 French speaking participants were

recruited from a university in Switzerland. Only native French
speakers were selected to participate in the experiment. The total
sample size was set before data collection and based on the
sample size estimation for “counterbalanced designs” developed
by Westfall et al. (2014: 2026). The sample size estimation was
conducted onWestfall and colleagues’ website (https://jakewestfall.
shinyapps.io/crossedpower/). We used the “standard case” values
of variance components (VPCs; Westfall et al., 2014, p. 2025),
with a power set at 0.85, a medium effect size of d = 0.50,
and a number of 22 stimuli. The sample size estimation revealed
that 58.8 participants were required. No additional participant
was recruited once the pre-set sample size of 59 participants was
reached. Following Singh et al. (2016) and Müller and Mari (2021),
which employed the same experimental design as the current study,
we excluded data from participants who had an accuracy rate for
comprehension questions lower than 65%. This led to the exclusion
of two participants. The final sample size resulted in 57 participants
(31 women and 26 men; with an age mean of 23.87 years old,
SD= 4.29).

2.1.2. Materials
The materials were constructed following a 2 × 2 design,

manipulating (a) information about the social category, which
either confirmed or violated stereotypical expectations, and (b) the
NP introducing the social category, either with a definite article
“le/la”, “the” (presupposition condition), or with an indefinite
article “un/une”, “a/an” (assertion condition). The stimuli were
created from the same model as those employed in Singh et al.
(2016) and Müller and Mari (2021). Namely, the stimuli consisted
in sets of two sentences written in French. The first sentence
introduced a context, which was then followed by a target
sentence matching or violating a gender stereotype. The target
sentence introduced a specific agent marked grammatically by
gender (e.g., chirurgien/chirurgienne, surgeonmale/female). The NP
of the target sentence, i.e., the NP containing the social category
concept, was introduced either with a definite article (working
as a presupposition trigger) or an indefinite article (working
as an assertion). In the end, each stimulus varied across four
conditions which manipulated the effect of stereotypes and the
article preceding the NP: (1) stereotype-congruent and definite

NP, (2) stereotype-congruent and indefinite NP, (3) stereotype-

incongruent and definite NP and (4) stereotype-incongruent and

indefinite NP (see Table 1).
Gender stereotypes were based on a selection of role nouns

tested in Misersky et al. (2014) as well as additional role nouns
commonly found in French speaking Switzerland. A list of 50
role nouns were pre-tested on another sample of 36 subjects
(50% self-identified as women) from the same population as the
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TABLE 1 Example of a stimulus of Experiment 1 in the four experimental conditions.

Condition Context sentence Target sentence

Stereotype-congruent and definite NP Lucienne | est allée | à l’hôpital | le mois dernier. Le chirurgien | l’a opérée | avec une grande précision.

Lucienne | went to | the hospital | last month. The surgeonmale | operated on her | with great precision.

Stereotype-congruent and indefinite NP Lucienne | est allée | à l’hôpital | le mois dernier. Un chirurgien | l’a opérée | avec une grande précision.

Lucienne | went to | the hospital | last month. A surgeonmale | operated on her | with great precision.

Stereotype-incongruent and definite NP Lucienne | est allée | à l’hôpital | le mois dernier. La chirurgienne | l’a opérée | avec une grande précision.

Lucienne | went to | the hospital | last month. The surgeonfemale | operated on her | with great precision.

Stereotype-incongruent and indefinite NP Lucienne | est allée | à l’hôpital | le mois dernier. Une chirurgienne | l’a opérée | avec une grande précision.

Lucienne | went to | the hospital | last month. A surgeonfemale | operated on her | with great precision.

Vertical bars (|) indicate the separation between each segment.

participants of Experiment 1. The pre-test was run on Qualtrics
(Provo, UT) and followed a procedure similar to Misersky et al.
(2014). Participants had to indicate on a 5-point Likert scale
their opinion about the extent to which role nouns consisted
of women or men6. Response options included “mostly women,”
“more women,” “as much women as men,” “more men,” “mostly
men” (coded as 1 for “mostly women” and 5 for “mostly men”).
Role nouns that obtained the smallest scores (M = 2.23, SD =

0.32) were selected as female stereotypes and roles nouns that
obtained highest scores (M = 3.79, SD = 0.38) were used as male
stereotypes. In total, 22 stimuli were used, half related to female role
nouns and half related to male role nouns. An additional set of 24
filler sentences was used to mask the purpose of the experiment.
The complete list of stimuli and fillers is available at https://osf.io/
b8h5q/.

Stimuli were also pre-tested in terms of plausibility. A total of
34 raters indicated, via Qualtrics (Provo, UT), the probability to
encounter a specific social agent in a given situation (e.g., seeing
surgeons in a hospital). The questions were asked in the following
form: “Si Marie va dans un hôpital, il est probable qu’elle rencontre

. . . chirurgien.ne(s)”, “If Mary went to the hospital, it is likely
that she encounters . . . surgeon(s)”. Raters could choose between
“zero,” “only one,” “one or more,” “necessarily more than one”
to replace the dots. For the selected stimuli, 76.4% of the raters
chose “one or more”7, assuring that the stimuli were considered
as plausible.

2.1.3. Procedure
The experiment was created with and ran on E-Prime 2.0

software (Psychology Software Tools, Inc., 2012). We masked the
purpose of the study from participants by informing them that they
would participate in a study that investigated the links between
causal information and its effects on the perception of narrativity
in a reading task. Participants were instructed to read the sentences

6 For example, Veuillez indiquer si vous trouvez que plus de femmes

ou d’hommes occupent la profession de chirurgiens/chirurgiennes,

[Please indicate whether you find that more women or men work as

surgeonsmale/female].

7 21.5% of the raters chose “necessarily more than one”, 2.1% of the raters

chose “only one”, and none of the raters chose “zero”.

for comprehension. At the end of the study, the real purpose of the
study was revealed.

Before running the experiment, participants were asked to
indicate their age, gender, and mother tongue. The stimuli
and fillers were then presented in sentence segments of 2–3
words (see Table 1), written in white 16-point Arial font on
a black background. Each trial started with a white fixation
cross on a black background, presented for 500ms in the
middle of the screen. The first segment then appeared on the
screen. Participants would then press the spacebar to display the
segments consecutively. This procedure prevented participants
from displaying the whole sentence before reading it. Participants
read only one condition of each stimulus, and as many stimuli
from each of the four conditions, resulting in a within-subjects
and within-stimuli design (Brauer and Curtin, 2018). Stimuli and
fillers were presented randomly. Comprehension questions were
used to assess whether participants remained attentive during
the whole task. Comprehension questions were asked about the
filler sentences only, and directly followed the corresponding filler.
Participants answered yes or no by pressing on the “E” or “I” keys
on the keyboard, according to the location of the yes/no answers
on the screen. The experiment started with six practice trials,
including one comprehension question, to familiarize participants
with the task.

2.2. Results

2.2.1. Data analysis
The effects of stereotype-congruent vs. incongruent

information and the article preceding the NP on information
processing were measured by reading times, i.e., the time spent
reading a sentence segment before clicking on the space bar to
make a new segment appear. Three segments are considered for
the analysis: (a) the critical segment consisting in the stereotype-
congruent/incongruent information and the definite/indefinite NP,
(b) the first spillover segment that follows the critical segment,
and (c) the second spillover segment [see example (6); vertical
bars separate the sentence segments]. The two segments following
the critical segment are traditionally included in the analysis of
self-paced reading measures. In this way, it is possible to assess
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potential processing difficulties that emerged or persisted after
reading the critical segment (Liversedge et al., 1998).

(6) Lucienne | est allée | à l’hôpital | le mois dernier. | La
chirurgienne critical segment | l’a opérée spillover 1 | avec grande
précision spillover 2.
[Lucienne | went to | the hospital | last month. | The
surgeonfemale critical segment | operated on her spillover 1 | with
great precision spillover 2.]

Reading times below 100ms and above 4,000ms were excluded
from the final dataset, leading to the suppression of 1.4% of data
and a final dataset of 1,238 datapoints (the dataset is available at
https://osf.io/b8h5q/). The data were logarithmically transformed
to meet the assumptions of mixed effects model analyses (i.e.,
homoscedasticity, linearity, and normality). Data analysis was
conducted on RStudio (R Core Team, 2019, version 3.6.0), using
the lme4 package (Bates et al., 2015b).

2.2.2. Model selection
Model specification was driven by the experimental design,

as recommended by experts in the field (Barr et al., 2013;
Winter and Wieling, 2016; Brauer and Curtin, 2018). Fixed
predictors are composed of the interaction between the stereotype
condition (stereotype-congruent or incongruent information) and
the NP condition (definite or indefinite article). Due to the
repeated measures design, both subjects and stimuli created non-
independence in the data and were thus included as by-subjects
and by-stimuli random effects (Brauer and Curtin, 2018, p. 401).
According to Barr et al. (2013), each fixed predictor that vary
within-unit should include a random slope, as well as interactions
when all factors vary within-units. In the present study, the
stereotype condition and the NP condition varied both within-
subjects and within-stimuli. Consequently, reading times were
assessed with the following maximal mixed effect model: model <-
lmer (log reading times ∼ stereotype ∗ NP + (stereotype + NP
+ stereotype∗NP | subjects) + (stereotype + NP + stereotype∗NP
| stimuli).

The maximal mixed effect model for the three analyzed
segments converged. For the first spillover segment convergence
was reached by using the built-in optimization procedure “bobyqa”
of the lme4 package (Bates et al., 2015b). This procedure has
been acknowledged as one of the “remedies” that should be used
to achieve convergence8 (Brauer and Curtin, 2018, p. 404). The
maximal mixed effect models for the three segments analyzed
resulted however in a singular fit. Singular fits are indicators that
themodels are overparametrized and that they should be reduced to
parsimonious models, balancing at the same time the Type I error
rate and statistical power (Bates et al., 2015a,b; Matuschek et al.,
2017). We thus conducted a random effect Principal Component
Analysis, using the rePCA function of the lme4 package (Bates et al.,
2015b). Goodness of fit was estimated with the likelihood ratio

8 Failures of convergence are often due to the complexity of the random

e�ect structure required by the experimental design. For the present study,

the number of parameters estimates was 25, whichmight have been too high

to reach a stable maximum likelihood estimation given the 1,238 datapoints

(Barr et al., 2013; Bates et al., 2015a; Brauer and Curtin, 2018; Winter, 2019).

TABLE 2 Resulting parsimonious models for reading times on the three

analyzed segments of Experiment 1.

Segment
analyzed

Final parsimonious model

Critical segment lmer (log critical segment∼ stereotype ∗ NP+

(stereotype∗NP || subjects)+ (stereotype ||
stimuli))

First spillover lmer (log spillover1∼ stereotype ∗ NP+

(stereotype+ stereotype∗NP || subjects)+
(stereotype || stimuli))

Second spillover lmer (log spillover2∼ stereotype ∗ NP+

(stereotype+ NP || subjects)+ (stereotype ||
stimuli))

Parsimonious models were selected after a random effect principal component analysis,

estimation of goodness of fit with likelihood ratio test, AIC, and BIC criteria (Bates et al.,

2015a,b; Matuschek et al., 2017). Details of model selection are available at https://osf.io/

b8h5q/.

test (LRT) and AIC/BIC criteria (Bates et al., 2015a; Matuschek
et al., 2017). The resulting models for reading times of the three
segments are displayed in Table 2. The details of model selection
and comparison are available at https://osf.io/b8h5q/. We also ran
models including participants’ gender to assess potential differences
between self-identified male and female participants. For all three
analyzed segments, we found no effect of gender. Gender was thus
not included as a fixed predictor in the final models.

2.2.3. Reading times for the critical segment
The effect of stereotype-congruent and incongruent

information on reading times was first assessed. The analysis
revealed that there was no main effect of stereotype on reading
times of the critical segment. Although reading times of stereotype-
incongruent information (M = 1,106.44ms, SD = 604.44) were
longer than reading times of stereotype-congruent information
(M = 1,046.3ms, SD = 571.2), this difference was not significant,
t(115.5)=−1.64, p= 0.103 (see Table 4).

When looking at the effect of definite and indefinite NPs only,
we found no significant differences again between definite (M =

1,067.1ms, SD= 589.7) and indefinite NPs (M = 1,085.5ms, SD=

587.8), t(1, 107)= 0.552, p= 0.581 (see Table 4).
No interaction effect between stereotype information and the

article preceding the NP were observed, t(347.7)= 0.109, p= 0.913
(see Table 4).

2.2.4. Reading times for the two spillover
segments

The two segments following the critical segment were analyzed
to assess whether a processing difficulty emerged after reading a
particular segment (Liversedge et al., 1998).

The analysis revealed a main effect of stereotype information
on reading times for the first spillover segment, t(82.12) = −2.4, p
= 0.019. Reading times of stereotype-incongruent information (M
= 852.61ms, SD = 456.48) were significantly longer than reading
times of stereotype-congruent information (M = 812.06ms, SD
= 420.55). These results support Hypothesis 1, namely that
information violating gender stereotypes is costlier to process than
stereotype-congruent information.
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FIGURE 1

Mean reading times in milliseconds for Experiment 1. Mean and

standard error reading times (raw data) for each segment in

Experiment 1. SC, stereotype-congruent; SI,

stereotype-incongruent; DN, definite NP; IN, indefinite NP.

A main effect of the article was also observed on the first
spillover, with longer reading times after definite NPs (M =

848.11ms, SD= 458.79) than after indefinite NPs (M = 816.66ms,
SD = 418.55), t(1, 076) = −2.18, p = 0.029. No interaction effect
between stereotype and NP was observed, t(286.5) = 1.21, p =

0.229 (see Table 4). Let us note that these results contradict the
hypothesis of Relevance theory, namely that definite articles should
be read more quickly than indefinite articles in plausible contexts.
This issue is raised in the Section 2.3.

Contrast analyses were nonetheless conducted to assess
whether within stereotype-incongruent conditions, longer
processing times were observed with definite NPs as opposed
to indefinite NPs (Hypothesis 2). These analyses revealed that
reading times were significantly longer after reading stereotype-
incongruent information introduced by a definite article (M =

881.89ms, SD = 480.11) than when introduced by an indefinite
article (M = 824 ms, SD= 430.98), t(1, 076)= 2.18, p= 0.029 (see
Figure 1). Moreover, reading an incongruent stereotype introduced
by a definite article was significantly costlier than in any other
condition (see Table 3).

The analysis of the second spillover segment revealed no effect
of the stereotype information [t(62.45) = −0.80, p = 0.429], no
effect of the NP [t(178.65) = −1.33, p = 0.186], and no interaction
effect between stereotype and NP [t(1, 048) = 0.79, p = 0.428]
(see Table 4). These results suggest that the difficulty of processing
emerged right after reading the critical segment and stopped
immediately after the first spillover, namely, once the verb phrase
was reached (see Figure 1).

2.3. Discussion

Experiment 1 replicated previous findings on the impact of
gender stereotypes on processing times, using self-paced reading

tasks. Unlike previous studies which analyzed reading times of
complete sentences (e.g., Carreiras et al., 1996; Cacciari et al.,
1997; Reynolds et al., 2006; Dickinson, 2011; Lassonde, 2015)
or acceptability judgements (e.g., Garnham et al., 2002; Sato
et al., 2013; Gabriel et al., 2017), this study presented sentence
segments of 1–3 words, allowing a moment-by-moment analysis
of processing difficulty. The analysis revealed that the processing
difficulty of stereotype-incongruent role nouns was delayed to
the first spillover segment. This is in line with eye-tracking
studies showing that reading times are significantly slowed down
upon and/or after reading a pronoun that led to a mismatch
between a role noun and its anaphoric pronoun (e.g., reading
“electrician” followed by “she,” Reali et al., 2015, see also
Kennison and Trofe, 2003; Duffy and Keir, 2004; Irmen, 2007;
Esaulova et al., 2014). Experiment 1 thus replicates previous
findings with French speaking Swiss participants: Information
violating gender stereotypes is costlier to process than stereotype-
congruent information.

Turning now to the effect of NPs, Experiment 1 revealed
that definite NPs led to longer reading times than indefinite NPs
on the spillover region. As noted above, these results contradict
the assumption of Relevance theory, according to which definite
articles should be less costly to process than indefinite articles
within a plausible context. However, it should be noted that the
observed longer processing time of definite articles was mainly
driven by the processing of stereotype-incongruent information
which generated a significant slowdown. Indeed, as revealed by
contrast analyses, stereotype-incongruent information introduced
by a definite NP (e.g., the surgeonfemale) were significantly costlier
than all other conditions. Within stereotype-congruent conditions
(e.g., surgeonmale) definite articles were slightly (6ms) costlier
to process than indefinite articles. This is in line with Singh
et al. (2016, p. 617), who also observed a slight slowdown with
definite articles, as opposed to indefinite ones. It is likely that this
experimental setup makes the processing of the definite articles
costly, due to a difficulty to identify the referent in the previous
context sentence. As we pointed out above (Section 1.2), the stimuli
required a bridging inference, which is not necessary when the
noun is preceded by an indefinite article, as it merely introduces
a new referent.

Together these findings show that the processing of definite
NPs, which requires the identification of a salient referent, is
significantly affected by stereotypical representations. Normally,
in plausible contexts, definite NPs should require little processing
efforts (Sperber and Wilson, 1986, p. 706). However, the present
experimental design suggests that the processing of definite
descriptions interacts with social cognitive modules, generating a
significant slowdown, despite a plausible context.

In sum, Hypothesis 1 was confirmed: Stereotypes are predictive
of linguistic processing, where information incongruent with
gender stereotypes is significantly costlier to process than
stereotype-congruent information. Furthermore, Hypothesis 2
was also confirmed: Definite NPs were significantly costlier than
indefinite NPs within the incongruent-stereotype condition.
Regarding Hypothesis 2, it should be stressed that previous
experiments on context plausibility (Singh et al., 2016;
Müller and Mari, 2021) were not able to show a significant
difference between definite and indefinite articles within
implausible condition.
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TABLE 3 Contrast analyses for the first spillover segment of Experiment 1.

Conditions M (SD) SC and IN SC and DN SI and IN

t-test

SC and IN 809 (406)

SC and DN 815 (435) t(85.9)= 0.43, p= 0.672

SI and IN 824 (431) t(66.8)= 0.77, p= 0.447 t(79.2)= 0.38, p= 0.703

SI and DN 882 (480) t(66.7)= 2.72, p= 0.008 t(82.1)= 2.40, p= 0.019 t(1, 076)= 2.18, p= 0.029

SC, stereotype-congruent; SI, stereotype-incongruent; DN, definite NP; IN, indefinite NP.

3. Experiment 2

Experiment 2 assessed (a) whether information violating
expectations about secondary social categories (nationality
stereotypes) are costly to process as is information violating gender
stereotypes (Hypothesis 3), and (b) whether definite articles are
more quickly read than indefinite articles in redundant contexts
(Hypothesis 4). Exploratory analyses were conducted to evaluate
whether stereotype-incongruent information is easier to process
when introduced by an indefinite article (single occurrence
reading) than by a definite one (generalized representation of the
social category).

3.1. Methods

3.1.1. Participants
For Experiment 2, 49 French speaking participants were

recruited from a university in Switzerland. As in Experiment
1, only native French speakers were selected to participate
in the experiment. The total sample size was set before data
collection and based on a sample size estimation as conducted
for Experiment 1. Using the website of Westfall et al. (2014;
https://jakewestfall.shinyapps.io/crossedpower/), we set the values
for “counterbalanced designs” as in the two previous experiments,
namely with the “standard case” values of VPCs, a power of 0.80,
a medium effect size of d = 0.50 and a number of stimuli of
20. The sample size estimation revealed that 48.8 participants
were required. No additional participant was recruited once the
pre-set sample size of 49 participants was reached. Similar to
Experiment 1, we controlled that participants provided a minimum
of 65% accuracy rate for comprehension questions. All participants
responded with more than 65% accuracy. The final sample size
resulted in 49 participants (28 women and 21 men; with an age
mean of 23.06 years old, SD= 3.53).

3.1.2. Materials
The stimuli were constructed in a similar way to Experiment

1. They consisted in two sentences written in French, with the
first sentence introducing the context, and the following sentence
matching or violating a nationality-related stereotypes. The target
sentence introduced a social category, i.e., inhabitants of a country.
The NP introducing the social category, was either a definite
NP (working as a presupposition, favoring a generalized and
taxonomic representation of the social category) or an indefinite

NP (working as an assertion, favoring a single occurrence reading
of the stereotype). As in Experiment 1, each stimulus varied across
four conditions: (1) stereotype-congruent with definite NP, (2)
stereotype-congruent with indefinite NP, (3) stereotype-incongruent
with definite NP, and (4) stereotype-incongruent with indefinite NP

(see Table 5).
Nationality-related stereotypes were based on folk stereotypes

found in everyday speech (e.g., in movies, jokes, hearsay, comics,
etc.) in the region of French speaking Switzerland. A list of 90
nationality stereotypes were pre-tested on another sample of 36
subjects (50% self-identified as women) from the same population
as the final sample of Experiment 2. The pre-test was run on
Qualtrics (Provo, UT) and asked participants to indicate on a 5-
point Likert scale their opinion about diverse statements9. Response
options included “agree,” “somewhat agree,” “neither agree nor
disagree,” “somewhat disagree,” “disagree” (coded as 1 for “agree”
and 5 for “disagree”). Statements that obtained the smallest scores
(M = 2.35, SD = 0.33) were selected as nationality stereotypes and
statements that obtained the highest scores (M = 3.87, SD = 0.29)
were used as nationality counter-stereotype in the present study.
In total, we used 20 stimuli, half matching nationality stereotype
and half violating nationality stereotypes10. An additional set of
24 filler sentences was used to veil the purpose of the experiment.
The complete list of stimuli and fillers is available at https://osf.io/
b8h5q/.

3.1.3. Procedure
The procedure was the same as the one described in

Experiment 1.

3.2. Results

3.2.1. Data analysis
As in Experiment 1, the effects of stereotype-congruent vs.

incongruent information and the definite vs. indefinite article
were measured by reading times. Four segments were considered

9 For example, À quel point êtes-vous d’accord avec la proposition

suivante: “les Japonais sont de grands séducteurs” [To what extent do you

agree with the following statement “the Japanese are great seducers”].

10 The plausibility was not pre-tested for Experiment 2, because the

inhabitants introduced in the target sentence corresponded to those of the

country presented in the context sentence (e.g., going to Japan and seeing

Japanese is highly plausible).
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TABLE 4 Statistical results of the selected parsimonious models for Experiment 1.

Fixed e�ects Random e�ects

Estimate SE CI (95%) t-value DF p-value Var. SD

Critical segment

(Intercept) 6.874 0.049 (6.78, 6.97) 142.94 89.82 <0.001 Subjects intercept 0.09 0.30

Stereotype-congruent −0.052 0.031 (−0.11, 0.11) −1.64 115.5 0.103 Subjects slope (stereotype∗NP) 0.01 0.09

Indefinite NP −0.017 0.030 (−0.04, 0.08) 0.55 1,107 0.581 Stimuli intercept 0.005 0.07

Interaction −0.005 0.045 (−0.08, 0.09) 0.11 347.7 0.913 Stimuli slope (stereotype) 0.001 0.04

First spillover

(Intercept) 6.662 0.049 (6.56, 6.76) 137.03 76.99 <0.001 Subjects intercept 0.11 0.33

Stereotype-congruent −0.065 0.027 (−0.12,−0.01) −2.40 82.12 0.019 Subjects slope (stereotype) 0.004 0.06

Indefinite NP −0.055 0.025 (−0.10,−0.005) −2.18 1,076 0.029 Subjects slope (stereotype∗NP) 0.003 0.05

Interaction 0.044 0.036 (−0.03, 0.12) 1.21 286.5 0.229 Stimuli intercept 0.003 0.06

Stimuli slope (stereotype) 0.001 0.03

Second spillover

(Intercept) 7.008 0.062 (6.89, 7.13) 113.52 62.41 <0.001 Subjects intercept 0.09 0.31

Stereotype-congruent −0.026 0.033 (−0.09, 0.04) −0.80 62.45 0.429 Subjects slope (stereotype) 0.01 0.11

Indefinite NP −0.039 0.029 (−0.09, 0.02) −1.33 178.56 0.186 Subjects slope (NP) 0.007 0.09

Interaction 0.030 0.038 (−0.04, 0.10) 0.79 1,048 0.428 Stimuli intercept 0.04 0.20

Stimuli slope (stereotype) 0.004 0.06

DF, degrees of freedom; SE, standard error; CI, confidence interval; Var., Variance; SD, standard deviation. Values in bold are significant at p < 0.05 (calculated using Satterthwaites approximations). The selected mixed effects models are presented in Table 2.
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TABLE 5 Example of a stimulus of Experiment 2 in the four experimental conditions.

Condition Context sentence Target sentence

Stereotype-congruent and definite NP Mathilde | est allée | en Italie | le week-end dernier. Les Italiens | ont joué | aux grands séducteurs | durant tout le
séjour.

Mathilde | went to | Italy | last weekend. The Italians | played | the great seducers | during the whole stay.

Stereotype-congruent and indefinite NP Mathilde | est allée | en Italie | le week-end dernier. Un Italien | a joué | au grand séducteur | durant tout le séjour.

Mathilde | went to | Italy | last weekend. An Italian | played | the great seducer | during the whole stay.

Stereotype-incongruent and definite NP Mathilde | est allée | au Japon | le week-end dernier. Les Japonais | ont joué | aux grands séducteurs | durant tout le
séjour.

Mathilde | went to | Japan | last weekend. The Japanese | played | the great seducers | during the whole stay.

Stereotype-incongruent and indefinite NP Mathilde | est allée | au Japon | le week-end dernier. Un Japonais | a joué | au grand séducteur | durant tout le séjour.

Mathilde | went to | Japan | last weekend. A Japanese | played | the great seducer | during the whole stay.

Vertical bars (|) mark presentation boundaries (i.e., sentences segments).

for the analysis: (a) the one containing the definite/indefinite
NP that introduced the social category (i.e., inhabitants of a
country), (b) the spillover segment to assess potential persistence
of processing difficulty, (c) the segment presenting stereotype-
congruent/incongruent information, and (d) its spillover segment
[see example (7); vertical bars separate the sentence segments]:

(7) Mathilde | est allée | au Japon | le week-end dernier. |
Les Japonaiscritical segment 1 | ont jouéspillover 1 | aux grands
séducteurscritical segment 2 | durant tout le séjour spillover 2.
[Mathilde | went to | Japan | last weekend. | The
Japansecritical segment 1 | playedspillover 1 | the great
seducerscritical segment 2 | during the whole stayspillover 2.]

Similar to Experiment 1, reading times below 100ms and above
4,000ms have been excluded from the final dataset. This data
exclusion resulted in the suppression of 1.1% of data and a final
dataset of 969 datapoints (the dataset is available at https://osf.io/
b8h5q/). The data were logarithmically transformed to meet the
assumptions of mixed effects model analyses and data analysis was
conducted on Rstudio (R Core Team, 2019, version 3.6.0), using the
lme4 package (Bates et al., 2015b).

3.2.2. Model selection
We followed the same procedure as in Experiment 1 to specify

the model (i.e., model selection based on the experimental design).
The first segment under investigation in the present experiment
did not mix the types of NPs and stereotype information. As
illustrated in example (7), the first segment varies only in terms
of the article used, namely definite or indefinite. The information
violating/confirming stereotypes is only introduced in the seventh
segment (critical segment 2). As a consequence, reading times on
the first critical segment and the first spillover were assessed with
the following maximal mixed effect model: model1 <- lmer (log
reading times ∼ NP + (NP | subjects) + (NP | stimuli). On the
other hand, reading times of the second critical segment and its
spillover could be affected by both the type of NP and stereotype
information. Therefore, reading times of those remaining segments
were analyzed with the following maximal mixed effect model:
model2 <- lmer (log reading times ∼ stereotype ∗ NP +

(stereotype∗NP | subjects)+ (stereotype∗NP | stimuli).

TABLE 6 Resulting parsimonious models for reading times on the three

analyzed segments of Experiment 2.

Segment
analyzed

Final parsimonious model

Critical segment 1 lmer (log critical segment 1∼ NP+ (NP ||
subjects)+ (0+ NP || stimuli))

Spillover 1 lmer (log spillover1∼ NP+ (NP || subjects)+ (1 |
stimuli))

Critical segment 2 lmer (log critical segment 2∼ stereotype ∗ NP+

(1 | subjects)+ (stereotype+ NP || stimuli))

Spillover 2 lmer (log spillover 2∼ stereotype ∗ NP+ (NP ||
subjects)+ (NP || stimuli))

Parsimonious models were selected after a random effect Principal Component Analysis,

estimation of goodness of fit with likelihood ratio test, AIC, and BIC criteria (Bates et al.,

2015a,b; Matuschek et al., 2017). Details of model selection are available at https://osf.io/

b8h5q/.

The maximal mixed effect model for the four analyzed
segments reached convergence. For the two critical segments and
the two spillover segments, the built-in optimization procedures
“nlminbwrap” and “bobyqa” of the lme4 package (Bates et al.,
2015b) were used, respectively. The maximal mixed effect models
for the four segments resulted however in a singular fit, indicating
that the models were overparametrized. We thus conducted a
random effect Principal Component Analysis, using the rePCA
function of the lme4 package (Bates et al., 2015b). Goodness of fit
was estimated with the likelihood ratio test (LRT) and AIC/BIC
criteria (Bates et al., 2015a; Matuschek et al., 2017). The resulting
models for reading times of the four segments are displayed in
Table 6. The details of model selection and comparison are available
at https://osf.io/b8h5q/.

3.2.3. Reading times for the first critical and
spillover segments

The analysis revealed that there was no main effect of definite
or indefinite NPs on reading times of the critical segment, t(44.23)
= 1.59, p = 0.118. The next segment was also analyzed to assess if
a processing difficulty emerged after reading the definite/indefinite
NPs. The analyses revealed a significant difference between reading
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times, t(51.24) = 2.49, p = 0.016, with longer reading times
following an indefinite NP (M = 884.69 ms, SD = 493.92)
compared to a definite NP (M = 825.08 ms, SD = 439.37). This
result confirms Hypothesis 4, where definite NPs were expected
to be read more quickly than indefinite ones (see Table 7). These
results are compatible with Relevance theory, which argues that
definite descriptions allow to spare cognitive efforts (compared
with indefinite descriptions).

3.2.4. Reading times for the second critical and
spillover segments

The analysis revealed that there was a main effect of stereotype
information on reading times of the second critical segment.
Reading times of stereotype-incongruent information (M =

1,309.26 ms, SD = 676.07) were significantly longer than reading
times of stereotype-congruent information (M = 1,199.43 ms, SD
= 610.02), t(51.6) = −3.05, p = 0.004. A main effect of stereotype
was also observed for the spillover segment, with longer reading
times for the stereotype-incongruent condition (M = 1,066.05 ms,
SD = 538.86) compared to the stereotype-congruent condition
(M = 993.24 ms, SD = 523.52), t(831.7) = −3.04, p = 0.002
(see Figure 2). These results support Hypothesis 3, according to
which stereotype-incongruent information elicit longer reading
times than stereotype-congruent information. Importantly, these
results provide evidence for the persistence of stereotype effects
with secondary social categories.

No effect of definite/indefinite NPs and no interaction effect
were observed for both the second critical segment and its spillover
(see Table 7).

Contrast analyses were nonetheless conducted on both
segments to explore the possibility that stereotype-incongruent
information might be easier to process when introduced by an
indefinite article as opposed to a definite article. These analyses
revealed that reading times in the stereotype-incongruent with

indefinite NP condition were not significantly faster than in the
stereotype-incongruent with definite NP condition, t(64.7) = 0.27,
p= 0.786 (critical segment 2) and t(49.7)= 0.43, p= 0.666 (second
spillover). In other words, the processing of stereotype-incongruent
information does not appear to be affected by linguistic markers of
definiteness (see Figure 2).

3.3. Discussion

Experiment 2 revealed that stereotype-incongruent
information about nationalities is longer to process than
stereotype-congruent information. This finding provides further
evidence that information confirming stereotypical expectations
is easily processed, whereas information violating stereotypical
expectations about secondary social categories is difficult to
process (Hypothesis 3). Interestingly, the effects of information
confirming/violating nationality stereotype already appeared on
the critical segment and persisted in the spillover segment.

Regarding the effects of definite/indefinite NPs, Experiment 2
tested whether indefinite descriptions were costlier to process than
definite descriptions, as proposed by Relevance theory. The present

FIGURE 2

Mean reading times in milliseconds for Experiment 2 (second critical

segment and spillover). Mean and standard error reading times (raw

data) in Experiment 2 for the second critical segment and its

spillover. SC, stereotype-congruent; SI, stereotype-incongruent;

DN, definite NP; IN, indefinite NP.

study confirmed Hypothesis 4, showing that definite NPs led to
faster reading times than indefinite ones. This finding is all the
more interesting in light of Experiment 1, where the fast reading
of definite descriptions was disrupted because of information
violating gender stereotypes. Finally, we explored whether
indefinite articles (i.e., the representation of a single occurrence
within a kind) could facilitate the processing of stereotype-
incongruent information. These analyses revealed that indefinite
articles could not make stereotype-incongruent information easier
to process than when subjected to a generalization (i.e., a plural
definite). Thus, in this experimental setup, the processing effects of
stereotypes appear to be stronger than linguistic markers.

4. General discussion

The present study investigated the effects of social modules
of cognition on the relevance-guided comprehension heuristic
across two experiments, in order to shed light on the relevance
comprehension heuristic. Both experiments assessed the extent
to which stereotypes impact the processing of specific linguistic
information. Experiment 1 aimed to replicate previous findings
on the effects of gender stereotypes on reading cross-linguistically.
Experiment 2 sought to investigate the effects of secondary social
categories, i.e., nationalities.

The results of Experiment 1 showed that information violating
gender stereotypes is longer to process than stereotype-congruent
information (Hypothesis 1). This finding goes in line with previous
studies that investigated, in different languages, the effect of gender
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TABLE 7 Statistical results of the selected parsimonious models for Experiment 2.

Fixed e�ects Random e�ects

Estimate SE CI (95%) t-value DF p-value Var. SD

Critical segment 1

(Intercept) 6.783 0.044 (6.69, 6.87) 152.78 52.98 <0.001 Subjects intercept 0.08 0.29

Indefinite NP 0.050 0.031 (−0.01, 0.11) 1.59 44.23 0.118 Subjects slope (NP) 0.02 0.13

Stimuli (NP) 0.002 0.05

Spillover 1

(Intercept) 6.600 0.051 (6.50, 6.70) 129.10 55.97 <0.001 Subjects intercept 0.11 0.33

Indefinite NP 0.060 0.024 (0.01, 0.11) 2.49 51.24 0.016 Subjects slope (NP) 0.006 0.07

Stimuli intercept 0.002 0.05

Critical segment 2

(Intercept) 7.063 0.059 (6.95, 7.18) 119.07 71.81 <0.001 Subjects intercept 0.10 0.32

Stereotype-congruent −0.103 0.034 (−0.17,−0.03) −3.05 51.61 0.004 Stimuli intercept 0.02 0.14

Indefinite NP −0.008 0.031 (−0.07, 0.05) −0.27 69.63 0.787 Stimuli slope (stereotype) 0.005 0.07

Interaction 0.053 0.042 (−0.03, 0.14) 1.26 864.35 0.207 Stimuli slope (NP) 0.002 0.04

Spillover 2

(Intercept) 6.864 0.051 (6.76, 6.97) 133.79 70.98 <0.001 Subjects intercept 0.09 0.31

Stereotype-congruent −0.085 0.028 (−0.14,−0.03) −3.04 831.65 0.002 Subjects slope (NP) 0.008 0.09

Indefinite NP 0.015 0.033 (−0.05, 0.08) 0.45 67.86 0.654 Stimuli intercept 0.006 0.08

Interaction 0.026 0.039 (−0.05, 0.10) 0.648 831.09 0.517 Stimuli slope (NP) 0.09 0.31

DF, degrees of freedom; SE, standard error; CI, confidence interval; Var., Variance; SD, standard deviation. Values in bold are significant at p < 0.05 (calculated using Satterthwaites approximations). The selected mixed effects models are presented in Table 6.
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stereotypes on reading and anaphora resolution (cf. Section 1.1).
Our findings with French speaking Swiss participants support the
cross-linguistic evidence that gender is rapidly encoded during
reading (Garnham et al., 2002; Gygax et al., 2021) and affects
processing depending on whether the information communicated
matches one’s stereotypical expectations.

Furthermore, Experiment 1 revealed that stereotype-
incongruent information makes the processing of presuppositional
contents (definite articles) significantly costlier than assertions
(indefinite descriptions) (Hypothesis 2). This is because the
identification of a salient referent (required for definite NPs)
is inconsistent with the encoding of stereotype-incongruent
information. Importantly, these findings offer promising
opportunities for the study of the relevance comprehension
heuristic. While previous studies failed to reach conclusive
results when using a broad category of plausibility (Singh et al.,
2016; Müller and Mari, 2021), the present study revealed that
the processing of definite descriptions is affected by stereotype
information, generating a significant slowdown in narrowly
defined plausible contexts. We suggest that the “plausibility of
contexts”, used in these previous studies, conflated different
variables, such as surprise effects, comprehension problems as well
as typicality effects.

In Experiment 2, we further assessed the effect of stereotypes
about secondary social categories on processing, and revealed
that information violating nationality stereotypes was costly to
process (Hypothesis 3). This is consistent with Lassonde’s (2015)
study, showing that sentences containing stereotype-incongruent
information about diverse social categories (e.g., nuns, rockstars)
are costly to process. Together, these findings have some interesting
implications, suggesting that any kind of stereotype-incongruent
information would be difficult to process because more cognitive
effort is required to access the information from associative
memory. Unfortunately, this possibility has rarely been addressed,
as most studies to date have focused only on gender stereotypes.
In an endeavor to determine whether the effects of stereotypes on
processing are consistent, future studies should investigate, with
varying methodologies (e.g., response times, self-paced reading,
eye-tracking, or event-related brain potentials) and across cultures,
how and whether information processing is similarly affected by
stereotype about various social categories.

Experiment 2 also revealed that definite descriptions are less
costly than indefinite descriptions when the context is redundant.
These results align with Relevance theory, which argues that
definite descriptions allow to spare cognitive efforts (compared
with indefinite descriptions). Moreover, our exploratory analysis
showed that when a single occurrence was encoded linguistically
(e.g., “A Japanese played the great seducer”, as opposed to “The
Japanese played the great seducers”), it did not facilitate the
processing of incongruent-stereotype information. This suggests
that the processing of incongruent-stereotype information cannot
be modulated by linguistic markers11.

11 Let us note that an anonymous reviewer drew our attention to the

potential problems of confounding variables in the experimental setup. For

this reason, further experiments with a setup that better isolates the variables

should be conducted to test this hypothesis.

Before concluding, let us note that the present study’s findings
bear some important considerations. Given the current context and
issues, it seems particularly important to study how stereotypical
information is processed. For instance, although much effort and
attention has been paid to gender equality in the 21st century
(e.g., the increasing use of inclusive language, the promotion of
STEM professions among girls and women, or strikes for women’s
right), we still observed that some conceptions of gender roles
remain unchanged. Moreover, current crises (namely the COVID-
19 pandemic, the war in Ukraine, or the climate crisis) led people
to rapidly form negative stereotypes about inhabitants of certain
countries. By documenting how people process stereotypes during
reading, the present study showed that information confirming a
stereotype is easily processed and thus, might not be questioned or
noticed, while still being significant in the relevance comprehension
heuristic. Furthermore, this could play a role in the maintenance of
stereotypical expectations and the emergence of prejudices.

We also stress two important limitations to the current study.
First, it does not allow to make direct comparisons between the
two tested stereotypes. Indeed, gender stereotype in/congruence
occurred within the NP (e.g., “une chirurgienne”; “a surgeonfemale”)
whereas nationality stereotype in/congruence stood in the relation
between the NP and the predicate (e.g., “A/The Japanese played the
great seducer/s”). In a future study, it would be worth testing these
two stereotypes, and others, in a comparable way. Furthermore, our
study focused only on narrow linguistic phenomena (definite vs.
indefinite descriptions). While this may be an asset experimentally
(limiting other variables weighing in the processing speed), further
studies are needed to see if stereotypes also constrain the processing
of other linguistic markers, such as other presupposition triggers.

Overall, the present study’s findings suggest that stereotypes
bring significant constraints on the processing of linguistic
information. These elements are of interest for Relevance theory,
insofar as they confirm that the comprehension heuristic is
constrained by information which goes beyond propositional cues,
such as the listener’s knowledge about social categories. Across both
experiments, stereotype-incongruent information was less salient
than stereotype-congruent ones, making it cognitively more costly
to process. Moreover, these findings suggest a possible hierarchy
between social and linguistic information in the derivation of
meaning: Indeed, while stereotype-incongruent information slows
down the processing of definite descriptions (which are normally
processed quickly), we did not observe that the processing of
stereotype-incongruent information was facilitated when preceded
by an indefinite article (single occurrence reading).
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