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Abstract

Psycholinguistic evidence shows that grammatical gender can shape mental repre-
sentations, influencing how individuals interpret ambiguous scenarios. This study
investigates whether varying the linguistic formulation of the “specialist riddle”
affects the ability to recognize the surgeon as a woman. We tested four versions
of the riddle on Italian high-school students (n =691), manipulating the term used
for “surgeon” to compare the masculine form, a control condition, a gender-neutral
periphrasis, and an innovative gender-neutral form. Participants exposed to the mas-
culine generic form perceived the riddle as more difficult and were markedly less
likely to identify the surgeon as a woman compared to those exposed to the gender-
neutral formulations, especially the innovative one. These findings illustrate how
grammatical gender can influence mental representations and highlight the potential
of alternative linguistic forms to mitigate the effects of the generic masculine or the
“male as default” bias.
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1 Introduction

In recent years, scholarly discussions have increasingly examined the cognitive
effects of grammatical gender. Particular attention has been given to generic mas-
culine terms in gendered languages—i.e., grammatically masculine terms used to
refer to persons of any gender. Extensive empirical evidence from psycholinguistics
shows that grammatically masculine forms, even when intended as generic, dispro-
portionately activate male referents, leading to a male bias in mental representations!
(Gabriel et al., 2018; Gygax et al. 2008, 2012, 2021; Stahlberg et al., 2007). A cen-
tral issue concerns gender-fair language (GFL)—i.e., strategies to avoid the use of
generic masculine terms—and professional titles (e.g., Sczesny et al. 2016; Vergoos-
sen et al. 2020).

In this work, we analyze the relationship between the interpretation of the generic
masculine, gender stereotypes, and gender-fair language in Italian, a language in
which there are still few studies (cfr. Gygax et al. 2021; Sczesny et al. 2016). In the
present study, we focus on the so-called “specialist riddle”:

“A father and his son have a car accident. The father dies. The son is rushed to
the emergency room. The attending surgeon looks at the boy and says: ‘I cannot
operate. He is my son!’. How is this possible?”.

This well-known riddle has captured popular culture’s attention since at least the
1970s. There are multiple solutions to the riddle, but the most statistically plausible
hypothesis—i.e., that the surgeon is the mother—is particularly hard to conceive.
The significance of the riddle extends beyond casual discussions, as it found
its way into the academic literature when Moulton (1978) utilized it to highlight
the complexities of seemingly gender-neutral terms in English, such as “surgeon”.
Decades later, the riddle became a matter of experimental investigation. Recent find-
ings show that few participants answer that the surgeon is the mother (~30%) (e.g.,
Belle et al. 2021; Kollmayer et al. 2018). People often make diverse guesses, as
reported in the literature (Morehouse et al. 2022; Belle et al. 2021): the surgeon could
be the other parent in a homo-parental couple, or the boy could have been adopted;
there is no shortage of solutions that appeal to the supernatural and complex fantasy
stories. Yet the somewhat simpler hypothesis seems to be precluded: it is difficult
to think of the mother of the boy as the surgeon, even though the vast majority of
parents are heterosexual. One straightforward explanation is the presence of a strong
stereotype associating the medical profession, and in particular surgery, with mas-

'The notion of mental representation is the subject of a complex and ongoing debate in philosophy of
mind and cognitive science (see Pitt 2020; Fodor 1987; Dretske 1995). While some theories emphasize
the computational and syntactic aspects of mental representations (Fodor 1975; Pylyshyn 1984), others
highlight their phenomenological or intentional content (Block 1996; Chalmers 1996; Kriegel, 2013).
In this article, we do not take a stance on these theoretical controversies. Rather, we use the term mental
representation in a minimal and empirically grounded sense, to refer to the internal cognitive effects that
correlate with linguistic input—specifically, the activation of gendered concepts in response to gendered
language forms. Our use of the term is thus purely functional and intended to justify the interpretation of
linguistic variation as producing distinct behavioral outcomes, in line with experimental findings from
psycholinguistics.
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culinity. Despite the increasing number of women in surgery (e.g., Linscheid et al.
2020) and gender-balanced representations in popular media (e.g., TV series such as
Grey's Anatomy, ER, and The Good Doctor), this stereotype persists. An additional,
not mutually exclusive, explanation is the presence of a gender bias that goes beyond
occupational stereotypes. The so-called “male as default bias” is the empirically doc-
umented tendency to automatically assume that an unknown person’s gender is male
(e.g., Bailey et al., 2020; Bem 1993; Hamilton 1991; Lindsay 2023).2

To date, the specialist riddle has primarily been tested in English and with adult
populations. We tested the classical version of the riddle, along with several vari-
ants using gender-fair language (GFL), on Italian-speaking adolescents (n =691, age
14-19). Testing the original riddle with Italian speakers is crucial because, while per-
sonal nouns in English tend to be gender-neutral (with some exceptions for compound
words like "housewife", “firemen”, “policeman”, etc.) Italian nouns are gendered,
whether they refer to animate or inanimate entities. The Italian masculine term for
“surgeon” is “chirurgo,” which can be used generically—i.e., it can refer to surgeons
of any gender. In contrast, the feminine form “chirurga” refers to female surgeons
exclusively. Given this asymmetry, the use of the masculine generic term “chirurgo”
may make the mental representation of the surgeon as a woman less accessible, thus
reducing the likelihood of providing the “mother” answer. Furthermore, while previ-
ous research has mainly focused on the socially-selected group of university students,
our sample is more socially representative (drawing on secondary schools, both aca-
demically and vocationally oriented). Although not fully representative of the general
population of adolescents, this ensures a greater external validity for our findings.

Our study builds on this literature by investigating how linguistic form influ-
ences the accessibility of gender representations in Italian, a language that habitually
employs the masculine form to refer to persons of unspecified or generic gender. To
our knowledge, no previous research has directly examined whether using GFL in
the formulation of the specialist riddle can modulate the male-as-default bias in such
linguistic contexts. We focus on Italian because it represents a particularly revealing
case: while the masculine generic (“chirurgo”) is grammatically acceptable and fre-
quently used, it often fails to be interpreted as genuinely neutral. The feminine form
(“chirurga”), by contrast, is grammatically possible but still uncommon in everyday
discourse, especially for high-prestige professions. This asymmetry makes Italian
an ideal testing ground for understanding how grammatical and social conventions
jointly shape gendered mental representations.

In what follows (see Sect. 5), we present a preregistered experiment designed
to test whether different GFL strategies—both conservative and innovative—affect
participants’ interpretation of the riddle, as well as their response times and perceived
task difficulty. By including a large sample of adolescents from diverse educational
backgrounds, our study also extends prior work conducted primarily with univer-
sity students, thereby improving the external validity and sociolinguistic relevance
of the findings. In the next sections, we provide an overview of previous research on
the specialist riddle, how participants’ background and linguistic factors affected the

2See below in the text, Sect. 1.5.
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likelihood of providing the “mother” answers, and the problem of names of profes-
sions in grammatically gender languages.

1.1 The Specialist Riddle in the Experimental Literature

In the last two decades, the riddle has been a matter of empirical investigation, pro-
viding support for the intuition about the difficulty of envisioning the surgeon as the
mother. Most studies were conducted on convenience samples of university students.
In a series of experiments by Stoeger et al. (2004), the riddle was tested with a group
of university students from different majors. Only 46 out of 144 (32.2%) participants
answered that the surgeon could be the mother. With reversed genders (the mother
dies, so the surgeon is likely the father), 80% of the participants solve the riddle.
Reynolds et al. (2006) obtained similar results, though their study involved smaller
samples as they tested 10 different versions of the riddle: of the total sample of 201
participants, only 21 were presented with the traditional version of the riddle. More
recently, Belle et al. (2021) presented the riddle to a group of psychology students
(N=297) and found that 30% of the respondents identified the mother as a possible
solution. Interestingly, they also found that 36% of the respondents answered that the
boy could be the child of a same-sex couple, with the surgeon being the other father,
despite the fact that same-sex couples are a minority. Morehouse et al. (2022) tested
the riddle with a nationally representative sample of the general population from the
US (n=3010); in this less socially selected sample, only 18% of the respondents
could provide the “mother” answer.

In all the above-mentioned studies, the riddle was tested in English, a language in
which nouns typically lack gender. To the best of our knowledge, the only experiment
testing the riddle in a language with gendered nouns was conducted by Kollmayer et
al. (2018). In their study, the riddle was presented to a group of 517 native German
speakers recruited online. Participants were randomly assigned to one of two condi-
tions, with the treatment variable being the language used in a priming text they read
before attempting the riddle: either standard German or a version adopting gender-
fair language (GFL). The findings showed that individuals exposed to the GFL prim-
ing text were more likely to identify the specialist as the mother compared to those
who read the text using masculine generics (44% vs. 33%).

A similar result was observed in English by Morehouse et al. (2022). In their first
study on the classic riddle, which included 606 participants (mean age 37.83, 53%
female, 76% White), over 70% of participants failed to identify the mother as the
surgeon. In a second study, the term “son” was replaced with the gender-neutral kin-
ship term “child,” resulting in a substantial increase in the percentage of participants
providing the “mother” solution. This finding highlights that even incidental expo-
sure to gender-fair language can help reduce stereotypical associations. Interestingly,
the gender-neutral term “child” was notably more effective at mitigating gender bias
than the explicitly female-gendered term “daughter”. The authors hypothesize that
incidental exposure to a gender-neutral term is sufficient to disrupt gender biases.
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2 Linguistic Aspects of the Specialist Riddle

Linguistic aspects in the formulation of the riddle may affect respondents’ answers.
As mentioned, the studies by Kollmeyer et al. (2018) and Morehouse et al. (2022)
indicate that indirectly priming respondents with GFL written texts may facilitate the
readiness to provide the most statistically plausible solution, i.e., that the surgeon is
the mother. However, to our knowledge, no previous study has directly examined
whether using gender-fair language (GFL) in the formulation of the riddle influences
respondents’ solutions in languages that conventionally employ the masculine form
to refer to individuals of unspecified or generic gender.

2.1 Grammatical Gender Languages

English is a language where gender is typically not expressed in nouns: only pro-
nouns are gendered, with a few exceptions among nouns like compound profession
names, such as “fireman,” “midwife,” and “policeman,” or kinship terms like “son/
daughter” or “grandmother/grandfather.” In contrast, many other European languages
are grammatical gendered languages where nearly all nouns are gendered. In particu-
lar, Romance languages such as French, Spanish, Portuguese, and Italian operate on
a binary gender system with feminine and masculine genders. In languages where
nouns are gendered, the assignment is not always tied to the gender of the referent.
This is evident not only with inanimate objects, which naturally lack gender, but also
with many animal names, where the gender mark is independent of the actual gender
of the animal. Regarding names referring to the roles of individuals, Italian names
are typically conjugated based on the gender of the referent. For instance, “amica”
denotes a female friend, while “amico” refers to a male friend. However, professional
titles are a notable exception to this rule, as they are frequently used in the masculine
form, particularly for prestigious professions—a phenomenon that has been the sub-
ject of significant debate (see Menegatti & Rubini 2017; Nitti 2021; Sulis & Gheno
2022).

In Italian, traditionally masculine and esteemed professional titles (e.g., doctor,
lawyer, president) are often employed in the masculine form, even when the referent
is a woman, especially for prestigious professions. This practice introduces a linguis-
tic asymmetry: the masculine singular form can refer to a man, a woman, or an indi-
vidual of unspecified gender, while the feminine form is exclusively used to denote
a woman. This phenomenon, known as the ‘generic masculine,” plays a significant
role in shaping perceptions of gender within language. Furthermore, when applied
to women, the feminine form of these titles is sometimes perceived as diminutive or
less prestigious, prompting many women to prefer being addressed using the generic
masculine (cf. Gheno, 2022; Pulijana & Stevens 2023). This asymmetry is also mir-
rored in the phenomenon of the so-called ‘over-extended masculine,” wherein the
masculine plural form is used to refer to mixed-gender groups. In this usage, the
masculine can denote either a group composed entirely of men or a mixed-gender
group, while the feminine plural is strictly reserved for groups consisting exclusively
of women. Notably, the inclusion of even a single man in a predominantly female
group automatically shifts the term to the masculine plural—a linguistic convention
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not reciprocated in reverse (see Formato 2019). This structural bias reinforces male-
centered language norms and diminishes the linguistic visibility of women in both
individual and collective references.

2.2 Cognitive Effects of Grammatical Gendered Languages

Empirical evidence from psycholinguistics shows that grammatically masculine
forms, even when intended as generic, disproportionately activate male referents,
leading to a male bias in mental representations (Gabriel et al. 2018; Stahlberg et al.,
2007). Studies show that after encountering generic masculine forms, participants are
faster and more accurate when responding to male exemplars than female ones (e.g.,
Gabriel et al. 2008; Garnham & Yakovlev, 2015; Gygax et al. 2008, 2012). Similarly,
when asked to estimate the proportion of men versus women in a group, participants
consistently overestimate the presence of men (Hansen et al., 2016). These findings
align with broader evidence indicating that masculine forms are more easily linked
to male referents, regardless of the specific gender stereotypes associated with indi-
vidual nouns (Gabriel & Mellenberger, 2004; Irmen & Kurovskaja 2010; Schérer
2008). Further research underscores the cognitive mechanisms that contribute to
this male bias. Languages with grammatical gender categories reinforce associa-
tions between masculine forms and male referents, even when the intended meaning
is gender-neutral (Gygax et al. 2021). For instance, when job titles are presented
using generic masculine forms, both women (Hentschel et al. 2018; Stout & Das-
gupta 2011) and children (Vervecken & Hannover 2015) report lower self-assigned
fit to and interest in the same positions. These biases manifest in various decision-
making tasks, including naming exemplars from occupational groups (Stahlberg et
al., 2001), selecting pictures (Bailey & LaFrance, 2017), and determining first names
(Vervecken et al., 2013). Across several languages—such as English, French, Ger-
man, Norwegian, Russian, and Spanish—the use of generic masculine forms leads to
a systematic male bias, hindering gender-neutral interpretations (Schneider & Hacker
1973; Hamilton, 1988).

The reason why this phenomenon is observed is still a matter of debate; we identi-
fied in the literature at least two theories, possibly concurrent:

(1) Grammatical gender influences the semantic representations of their referents,
even when the referents have no inherent gender. This phenomenon is exempli-
fied by studies conducted by Vigliocco and her research team over recent decades
(see Vigliocco 1999; Vigliocco et al. 2005; Kousta et al. 2008). For instance,
Vigliocco et al. (2005) investigated how grammatical gender influences meaning
in Italian and German. The researchers conducted four experiments and found
that in Italian, grammatical gender affects cognition for animals but not for arti-
facts, likely due to the association between noun gender and the biological sex of
referents. This effect was not observed in German, where the correlation between
grammatical gender and biological sex is less transparent. Their findings suggest
that grammatical gender effects are more pronounced in languages with a clear
correlation between noun gender and referent gender.
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(2) As claimed by Gygax et al. (2021), the semantic ambiguity of grammatically
masculine forms often encompasses multiple meanings, creating cognitive chal-
lenges for readers and speakers as they interpret language and construct mental
representations of gender. This ambiguity frequently results in biased interpreta-
tions, with masculine forms predominantly being understood as male, even when
they are intended to be gender-neutral or inclusive. The cognitive mechanisms
underpinning these biases suggest that languages with grammatical gender cat-
egories inherently promote associations between grammatical gender and gender
stereotypes, further reinforcing androcentric interpretations in contexts where
gender is not explicitly specified.

2.3 Gender Roles and Stereotypes

Even in languages without grammatical gender, it may prove hard for people to
evoke mental representations of women, as demonstrated by the literature on the
“surgeon riddle”, which is predominantly in English, i.e., a language where nouns
generally do not carry a grammatical gender. Why is that the case? A common chal-
lenge in psycholinguistic studies on the reading of the generic masculine is the diffi-
culty in experimentally separating the effects of the generic use of an expression from
the stereotypes associated with gendered roles, such as professions. As measured
by Misersky (2014), professions are strongly associated with gender stereotypes. In
other words, professions that are stereotypically associated with masculinity tend to
evoke male representations, and the reverse is true for professions associated with
femininity, irrespective of the grammatical gender of the nouns and pronouns used,
and even in the presence of GFL.

The experiments in Reynolds et al.’s (2006) study illustrate how stereotypes influ-
ence comprehension in riddle-like scenarios involving a range of professions beyond
surgery. These experiments systematically tested variations of the classic “surgeon
riddle,” replacing “surgeon” with other stereotyped or gender-marked professions
such as “nurse,” “fireman,” or “policewoman,” as well as introducing neutral or less
stereotypically gendered roles like “pediatrician.” The results consistently revealed
that readers automatically activate stereotypical gender associations tied to these pro-
fessions, leading to entrenched mental representations that are resistant to contex-
tual contradiction. For instance, when encountering “nurse,” participants were more
likely to assign female gender, while “fireman” or “policewoman” reinforced male
and female expectations, respectively, causing difficulty in reconciling scenarios that
violated these stereotypes. Notably, even in passages featuring a gender-neutral term
like “pediatrician,” readers often inferred male gender, demonstrating the pervasive
influence of implicit biases. Attempts to mitigate these effects, such as introduc-
ing stereotype-breaking characters (e.g., a female porter), shifting the context to a
non-clinical setting, or varying the gender of the parent—child pair in the narrative,
failed to significantly reduce comprehension difficulties. These findings underscore
that gender inferences are activated as soon as a profession is mentioned, becoming
entrenched in readers’ mental models and hindering their ability to integrate conflict-
ing information later in the text.
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2.4 GFLin Italian

In Italian and other languages with gendered nouns, the challenge of GFL is twofold.
Firstly, the binary nature of the Italian gender system leads to consistent misgender-
ing of individuals who do not identify with the traditional male—female dichotomy.
Secondly, the use of generic masculine terms, such as masculine profession names
for individuals of any gender, and the overextended masculine, referring to mixed-
gender groups using the masculine plural, tends to evoke predominantly masculine
mental representations (see Sect. 1.3.2). This limits the visibility of female and non-
binary individuals.

In order to overcome these limits, in Italian, it is possible to adopt different GFL
strategies. Following Rosola et al. (2023), we utilize a framework based on two
orthogonal binary distinctions:

e Visibility Strategies employ distinct grammatical forms to explicitly highlight the
gender(s) of the referent(s) or, if the gender is unknown, its possible options (e.g.,
feminine, masculine, non-binary). They are contrasted with Obscuration Strategies,
which neutralize references to any gender by avoiding gender-specific expressions.

o Conservative Strategies adhere to the traditional grammatical structures of stand-
ard Italian. In contrast, Innovative Strategies introduce new linguistic forms and
expressions into the language.

This framework results in a four-category classification, as outlined in Table 1.

In our experiment, we manipulated the word used for “surgeon” in Italian to exam-
ine its effect on participants’ responses to the specialist riddle. Given that making
the surgeon’s female gender explicit would likely compromise the integrity of the
riddle, and to ensure that the text remained as natural and fluent as possible, we opted
for two obscuration strategies—one conservative and one innovative. We deliber-
ately avoided using gender-splitting strategies (e.g., chirurgo/chirurga), which are
common in written discourse but would have made the riddle highly unnatural and
stylistically awkward in spoken Italian. This choice allowed us to preserve the prag-
matic and linguistic plausibility of the riddle while still testing the effects of different
gender-fair formulations. The conservative strategy uses the gender-neutral expres-
sion “persona che opera,” (i.e., person who performs surgery), which is standard Ital-

Table 1 Based on Rosola et al. (2023), GFL strategies can be categorized along two axes: visibility vs.
obscuration and conservative vs. innovative forms

Visibility Obscuration

Conservative The female vs. male identity of the referent is made  Periphrases that circumvent
explicit with feminine vs. masculine grammatical gendered-specific expressions
forms E.g.: persona che opera; chi
E.g.: chirurga o chirurgo; chirurgo/a opera

Innovative The female, male, or non-binary identity of the refer- Linguistic innovations that
ent is made explicit with linguistic innovations replace gendered-specific
E.g.: chirurga, chirurgo, o chirurg®; chirurga, expressions
chirurgo, o chirurga E.g.: chirurg®; chirurgs
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ian. The innovative strategy employs “chirurg*” (i.e., root of the word for surgeon,
followed by *), a non-standard but increasingly common form in written documents,
designed to avoid specifying the gender of the referent.’

3 Present Study

We conduct a preregistered* study to examine the difficulty of providing the “mother”
solution to the specialist riddle in Italian and to test whether the use of gender-fair
language (GFL) strategies can facilitate this solution. Our sample of participants
comprises Italian-speaking adolescents in several North-Western Italian provinces
(N=691). Our choice to recruit teenagers was both pragmatic and theoretically moti-
vated. On the practical side, the study relied on a convenience sample in schools
where we were already conducting unrelated experiments. On the theoretical side,
adolescence is widely regarded as a crucial period in which value-related (including
gender) attitudes are formed and crystallized (Alwin & Krosnick 1991; Hendriks et
al. 2024), making this population especially informative for investigating the devel-
opment and malleability of gender-related biases. In addition, younger cohorts tend
to endorse more egalitarian gender values on average, reflecting both compositional
(cohort replacement) and period forces (Shu & Meagher 2018). Although not fully
representative of the population of Italian adolescents, our sample is less socially
selective than those of previous studies relying on university students (e.g., Stoeger et
al. 2004; Belle et al. 2021), as it involves students attending high school with general-
ist, technical, or vocational curricula. The study was approved by the Ethical Com-
mittee of the University of Turin (Protocol No. 0183640 dated 15/03/2023—[UOR:
S1000045—Classif. 111/14]).

We developed four distinct variations of the specialist riddle, each constituting an
experimental condition.

(1) In the ‘Classical riddle’ condition, participants read an Italian translation of the
classical riddle: the father of the boy dies in the car accident, and we referred to
the surgeon who enters the operating room using the Italian generic masculine
term “chirurgo”. The most plausible solution to the riddle is that the surgeon is
the mother.

(2) In the ‘Parent-role reversal’ condition, participants read a version of the riddle
where the gendered roles are reversed: the mother of the boy dies, the surgeon
is still referred to as “chirurgo”, but here the most plausible solution is that the
surgeon is the father. The ‘Parent-role reversal’ condition served as a control
condition to measure the baseline ‘male bias’ in imagining the surgeon when the
specialist is described using a generic masculine term. Inclusion of this control
condition adheres to established practices in the literature (Stoeger et al. 2004;

3We chose the innovative strategy based on the star (*) rather than the one based on the schwa (2), because
the latter is more recent and less common in the Italian language.

4We preregistered our research design and hypotheses before starting the data collection. See: https:/
aspredicted.org/K4K CY7
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Belle et al. 2021), enabling an assessment of the riddle’s complexity when tradi-
tional gender roles are inverted.

(3) Inthe ‘Conservative GFL’condition, participants read a version of the riddle where
the father dies, the most plausible answer is that the surgeon is the mother, and the
surgeon is described using an obscuring and conservative GFL strategy, namely
the gender-neutral periphrasis “persona che opera” (Person who operates). Despite
featuring a feminine grammatical gender, “persona” is an epicene term, signifying
a word that does not convey information about the gender of the referent.

(4) Finally, in the ‘Innovative GFL’ condition, participants read a version of the
riddle where the father dies, the most plausible answer is that the surgeon is the
mother, and the surgeon is described using an obscuring but innovative GFL
expression, namely “Chirurg*.” Although this spelling is not (yet) accepted in
standard Italian grammar, its usage in written texts has grown in the last decades.

The full text of the riddles tested in the four conditions is available in Annex A of the
Supplementary Materials.

Our dependent variables were: (1) answer to an open-ended question about the identity
of the surgeon (see below for details on the coding procedure); (2) time spent on the riddle-
solving task; (3) self-perceived difficulty of the task (1-5 Likert scale). We measured the
male bias in imagining the surgeon by comparing each dependent variable in the ‘Classi-
cal riddle’ condition with a baseline given by the version of the riddle in the ‘Parent-role
reversal’ condition. We tested whether obscuration GFL strategies decreased the male bias
across the three dependent variables by comparing the effect of the ‘Classical riddle’ condi-
tion with those of the ‘Conservative GFL’ condition and the ‘Innovative GFL’ condition.

We hypothesized that:

(H1) There is a male bias in solving the riddle across the three dependent vari-
ables: participants in the ‘Classical riddle’ condition are less likely to indicate that
the surgeon is the opposite-sex parent, spend more time on the riddle, and per-
ceive it as more difficult than participants in the ‘Parent-role reversal’ condition;

(H1 bis) The male bias in solving the riddle across the three dependent variables is
stronger for adolescents who identify as males compared to those who identify as females;

(H2) Conservative obscuration GFL decreases the male bias: participants inthe ‘Con-
servativeGFL’conditionaremorelikelytoprovidethe ‘mother’solution,spendlesstimeon
theriddle,andperceiveitaslessdifficultthanparticipantsinthe ‘Classicalriddle’condition;

(H3)Innovative obscuration GFLdecreasesthemalebias: participantsinthe ‘Innova-
tive GFL’conditionaremorelikelytoprovidethe ‘mother’solution,spendlesstimeonthe
riddle,and perceiveitaslessdifficultthan participants inthe ‘Classical riddle’ condition.

Concerning the relative effectiveness of the conservative vs. innovative strategies,
we had two alternative hypotheses. On the one hand, since the usage of the high-star
is relatively uncommon, it may increase the difficulty of the text, and therefore it may
pose additional challenges in answering the riddle:
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(H4a): Innovative obscuration GFL is less effective than conservative obscuration
GFL in decreasing the male bias.

On the other hand, the usage of the star may alert readers that gender identity mat-
ters in solving the riddle:

(H4b): Innovative obscuration GFL is more effective than conservative obscura-
tion GFL in decreasing the male bias.

Besides manipulating the linguistic formulation of the riddle, we also explored
whether participants’ characteristics and previous experiences may predict their
responses. Demographic factors, such as age, gender, and type of school attended (aca-
demic, technical, or vocational), were also measured to examine their potential impact
on the participants’ likelihood of providing the correct solution. Additional variables
included familiarity with GFL forms (e.g., prior exposure to terms like “chirurg*”),
personal experience with female physicians and with same-sex parenting, which were
assessed to explore their moderating effects on participants’ interpretations. To evalu-
ate participants’ gender attitudes, we included measures of feminist identity on a 1-5
Likert scale and the Modern Sexism Scale (continuous 1-5 scale) (Swim et al. 1995).

4 Experimental Study
4.1 Methods and Participants

We recruited 1013 high schoolers from 11 high schools in North-Western Italy and
completed the study in class on their mobile phones by answering an online survey
created using Qualtrics. The schools were recruited on a voluntary basis, thanks to the
active collaboration of the first author in a previous research project on an unrelated
topic (scientific disinformation). Data collection was carried out by a member of the
research team, who visited the participating schools in person. In accordance with
the preregistered analysis plan, we excluded non-native Italian speakers (N=132)
and respondents who reported previous knowledge of the riddle (V=118). Other par-
ticipants were also excluded because they provided uninterpretable answers (N ="72).
The final sample consisted of 691 students (288 male, 385 female, 11 undisclosed,
7 non-binary/third gender). Participants were randomly assigned to one of four con-
ditions: ‘Classical riddle’(N=188), ‘Parent-role reversal’ (N=151), ‘Conservative
GFL’ (N=173), ‘Innovative GFL’ (N=179). A researcher was always present to
ensure that students did not talk to each other during the survey, thus preventing
spillover effects. Parental consent forms were signed prior to data collection, and on
the day of the experiment, underage students completed an online assent form, while
adult students completed an online informed consent form. The privacy rights of
human subjects were observed throughout the study.

4.2 Materials and Procedure

We created four different versions of the riddle. Each participant was randomly
assigned to one of the four conditions described in Sect. 1.6: ‘Classical riddle’ con-
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dition, ‘Parent-role reversal’ control condition, ‘Conservative GFL’ condition, or
‘Innovative GFL’ condition. After the riddle, participants were asked “How is it pos-
sible?”” and could provide their answers using an open-ended format. We registered
the time participants spent on this question as an indication of the time they needed
to come up with a solution to the riddle. We then asked participants whether they
had previous knowledge of the riddle. We also asked the participants in the ‘Innova-
tive GFL’ condition whether they had ever seen the use of high stars at the end of
words (*) before. Furthermore, we asked participants to indicate how difficult they
perceived the riddle to be on a five-point Likert scale (1 =very easy; 5=really hard).

Similarly to Belle et al. (2021), at the end of the study, we asked participants to
provide additional information to explore whether specific factors were predictive of
participants’ responses. We asked participants for: (1) basic demographics: age, gen-
der, and type of school attended; (2) gender attitudes: feminist identity on a 5-point
Likert scale and the eight items of the Modern Sexism scale (Swim et al. 1995),3 (3)
familiarity with same-sex parents and female physicians (see Annex B for details on
the questions). We also controlled whether participants with more familiarity with
same-sex parents were more likely to indicate that the surgeon is a parent of the same
sex as the one who died in the car accident.

The raw data for the study, and our coding scheme, are available online on the
Open Science Framework: [https://osf.io/kj8fv/?view only=1f169360ba474a8d99ff
ef885f050e5b].

The three authors manually® and independently coded the responses, with the pri-
mary goal to identify the statistically plausible answer (the surgeon is the opposite-
sex parent). During the coding process, we inductively identified various wrong or
less likely response patterns. We cross-checked codes and agreed on a consolidated
set of frames. Dubious cases were discussed together by the three authors until a
consensus was reached. The categories of responses created as part of the coding
procedure are the following:

1) Opposite sex/gender parent;

2) Same-sex parent;

3) Biological father (e.g., Cheating, Stepfather, Adopted twins, Kidnapping);

4) Surgeon’s mistake

5) Supernatural event/Hallucination/Dream,;

6) Cannot be solved | “T don’t know” answers | “Not possible” answers | Contested
premise (the father in the car cannot be the boy’s father) | “The first/second parent
is not a real parent” answers;

7) Other forms of failure to identify the opposite-sex/gender parent;

8) Misunderstanding of the text | “It’s obvious” answers | Trolling | Not relevant/
intelligible answers | “Luck”/”randomness” answers | Uncodifiable | “The father
is the grandfather” answers.

3The internal consistency of the resulting index is good (Cronbach alpha: 0.78).

®No artificial intelligence tools were used in the coding procedure.
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Following a conservative approach, the participants who provided responses coded
in category 8 were excluded from the final sample, since it was not univocal that they
failed to identify the opposite-sex parent.

In the regression framework, we controlled for the following variables:

— Age in years

— Gender identity (male/female/non-binary or third gender/refuses to answer)

— School track attended (14 types of academic, technical, or vocational tracks)

— Having had an employed mother during childhood (yes/no)

— Index of familiarity with female doctors (continuous scale 0—1, based on the sim-
ple average of the following indicators: having had a female general practitioner,
GP, in the past; currently having a female GP; having a female relative who works
as a doctor; having seen a female surgeon in TV/web series)

— Index of familiarity with same-sex parenting (continuous scale 0—1, based on the
simple average of the following indicators: having same-sex parents; having a
friend or acquaintance with same-sex parents; having seen same-sex parents in
TV/web series)

— Self-assessed feminist identity: single item on a 1-5 Likert scale

— Modern Sexism Scale (continuous 1-5 scale).

5 Results
5.1 Descriptive Comparisons across Experimental Conditions

Table 2 provides a general overview of our three dependent variables (probability to
provide the statistically plausible answer; time spent on the answer; self-perceived
difficulty of the riddle) across the four experimental conditions. Comparing the first
two rows provides the first evidence on the degree of gender bias. It is evident that
the probability of providing the most statistically plausible answer (i.e., the surgeon
is the opposite-sex parent) is much greater in the ‘Parent-role reversal’ condition
(91.4%) than in the ‘Classical riddle’ condition (18.6%).

Table 2 The table presents descriptive statistics for our three dependent variables by experimental condi-
tion: (i) percentage of participants who provided the most statistically plausible answer to the riddle (i.e.,
identifying the surgeon as the opposite-gender parent);(ii) average and standard deviation for the time
taken to solve the riddle (measured in seconds); average and standard deviation for the self-perceived
difficulty of the task (measured on a 5-point Likert scale, where 1=""Very Easy” and 5="“Very Difficult”)

Experimental Condition Percentage of most Average timing (std.  Average self-perceived

likely answer dev.) [sec] difficulty (std. dev.)
[scale 1 to 5]
Classical riddle 18.6% 116.73 (77.76) 3.19(1.14)
Parent-role reversal 91.4% 120.91 (77.95) 2.75(1.32)
Conservative GFL 37.6% 109.80 (82.72) 2.93(1.18)
Innovative GFL 52.5% 106.10 (61.65) 2.83 (1.14)
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In other words, it is much easier to imagine the surgeon as a male than as a female.
The participants also perceived the classical riddle as more difficult (3.19) than the
control one (2.75). However, the time spent to provide an answer is slightly higher in
the ‘Classical riddle’ condition (116.73 s) than in the ‘Parent-role reversal’ condition
(120.91). Compared to the ‘Classical riddle’ condition, the conservative GFL strategy
increases the percentage of most-likely answers (37.6%) and decreases the time spent
answering (109.8 s) as well as the self-perceived difficulty (2.93). The innovative
GFL strategy does it to an even larger extent across the three dependent variables
(52.5%, 106.10 s, 2.83 respectively).’

5.1.1 Multivariate Regressions

In order to formally test our hypotheses, we resort to multivariate regressions,® which
also allowed us to control for possible differences between treated and controls gener-
ated by random variability and therefore achieve a greater precision of the estimates.
Specifically, we estimated ordinary-least-square (OLS) regressions for self-perceived
difficulty and duration, and logistic regressions for the probability of providing the
most plausible solution. For the logistic regressions, we report results as Average
Marginal Effects (AMEs). We run three series of models. In the first one, we only
control for basic socio-demographics (respondent’s gender and age) and school track.
In the second one, we additionally control for having had a working mum during
childhood (yes or no), familiarity with female doctors (scale 0—1, mean 0.56, sd:
0.20), and familiarity with homoparental families (scale 0—1, mean 0.32, sd: 0.17). In
the third one, we additionally control for the Modern Sexism scale (scale 1-5, mean
3.6, sd: 0.70) scale and for feminist identity (scale 1-5, mean 3.3, sd 1.18).

Our main parameters of interest are the coefficients associated to the ‘Parent-role
reversal’ condition (to test H1, existence of a male bias), to the ‘Conservative GFL’
condition (to test H2, conservative GFL decreases the male bias), and to the ‘Innova-
tive GFL’ condition (to test H3, innovative GFL decreases the male bias), as com-
pared to the reference category ‘Classical riddle’. Figures 1 to 3 graphically display
the estimates across the three regression models and for our three dependent vari-
ables: probability od solving the riddle, time spent on the answer, and self-perceived
difficulty. More specifically, Fig. 1 displays the Average Marginal Effects (AMEs)
estimated after the logistic regression and Figs. 2 and 3 report the coefficients of the
OLS regressions. Annex D in the Supplementary material reports the full results of
the regression analyses.

Figure 1 reveals the existence of a very large male bias in the probability of pro-
viding the most statistically plausible answer: across the three regression models,
respondents exposed to the classical riddle are 73 percentage points (p.p.) more likely
to identify the surgeon as the mother than those exposed to the ‘Parent-role reversal’
condition to identify the surgeon as the father. In contrast, the time spent on the riddle

"Note that although the use of high-star (*) is an innovative linguistic form, 91.6% of participants in the
‘Innovative GFL’ condition reported having seen the symbol before.

8 Annex C in the Supplementary material reports ANOVA results for the two continuous dependent vari-
ables, consistent with the regression results presented in the main paper.
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Treatment effects on prob. to solve the riddle
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Fig. 1 The figure illustrates the Average Marginal Effects (AME) of the experimental treatments (‘Par-
ent-role reversal’ condition, Conservative GFL, and Innovative GFL) of the logistic regression on the
likelihood of providing the most plausible answer to the riddle compared to the baseline ‘Classical
riddle’ condition (dashed zero line), with 95% confidence intervals. Controls in m1: respondent’s gen-
der, age, and school track. Controls in m2: m1+working mum during childhood, scale for familiarity
with female doctors, and scale for familiarity with homoparental families. Controls in m3: m2+Maod-
ern Sexism scale and feminist identity

is similar between the two conditions (5 s difference, not statistically significant), as
visible from Fig. 2. Turning to Fig. 3, respondents perceive the classical riddle as
more difficult to solve than the riddle where the gender roles are reversed, with a 0.5
points difference (d=0.4, statistically significant at 1%).

In an additional set of models, run for each dependent variable, we interact the
experimental conditions with the gender identity of the respondent in order to test H1
bis (stronger male bias for respondents who identify as males, as opposed to those
who identify as females). The students who identify as non-binary are too few to
include as a separate category. However, as robustness checks, we run multiple mod-
els where students who classify as non-binary are excluded, merged with females,
and merged with males. Across all models, the interaction term is not statistically
significant at 10%, leading us to reject H1 bis.’

Turning to the hypotheses concerning the potential role of GFL in mitigating the
male bias (H2 and H3), we find that respondents exposed to the ‘Conservative GFL’
condition were significantly more likely to provide the most plausible solution than
participants in the ‘Classical riddle’ condition (18 p.p. difference, stat. sig. at 1%)
and perceived the riddle as less difficult (0.3 points difference, d=0.25, statistically
significant at 1%). However, we did not detect any statistically significant differences
across the two GFL conditions (‘Conservative’ vs. ‘Innovative’). Similarly, the likeli-
hood of the most plausible solution was higher under the ‘Innovative GFL’ condition

®We have shared on OSF the code to ensure full replicability of all statistical models.
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Treatment effects on time spent on the answer
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Fig.2 The figure displays the coefficients of the experimental treatments (‘Parent-role reversal’ condi-
tion, Conservative GFL, and Innovative GFL) of the OLS regression on the time taken to solve the
riddle (measured in seconds) compared to the baseline ‘Classical riddle’ condition (dashed zero line),
with 95% confidence intervals. Controls in m1: respondent’s gender, age and school track. Controls in
m2: ml+working mum during childhood, scale for familiarity with female doctors, and scale for fa-
miliarity with homoparental families. Controls in m3: m2+Modern Sexism scale and feminist identity

Treatment effects on self-perceived difficulty of the riddle
(ref."Classical riddle")
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Fig. 3 The figure illustrates the coefficients of the experimental treatments (‘Parent-role reversal’ con-
dition, Conservative GFL, and Innovative GFL) of the OLS regressions on self-perceived difficulty
(measured on a 5-point Likert scale) compared to the baseline ‘Classical riddle’ condition (dashed zero
line), with 95% confidence intervals. Controls in m1: respondent’s gender, age, and school track. Con-
trols in m2: m1 +working mum during childhood, scale for familiarity with female doctors, and scale
for familiarity with homoparental families. Controls in m3: m2+Modern Sexism scale and feminist
identity
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than under the ‘Classical riddle’ condition (33 p.p. difference, stat. sig. at 1%), and
participants found it easier to answer (0.4 points difference, d=0.3, stat. sig. at 1%),
but the time spent on the question was similar.

Hence, the multivariate hypothesis testing supports H1, H2, and H3 on two depen-
dent variables over three. The apparently contradictory results concerning timing
may be explained by the peculiarity of the ‘Parent-role reversal’ condition: the story
where the mother dies in the car accident and the surgeon is the father may have been
too straightforward, leaving participants puzzled by the question “How is it pos-
sible?”. This could have led them to spend additional time on the task, attempting to
identify hidden complexities or overanalyzing the task. Consequently, the increased
response time in the ‘Parent-role reversal’ condition may not reflect the cognitive
effort related to stereotype-driven difficulties but rather the confusion stemming from
the mismatch between the narrative clarity and the nature of the question. This inter-
pretive issue may have offset the expected timing differences between conditions,
resulting in a non-significant finding for this variable.

Finally, to test our alternative hypotheses concerning the relative effectiveness of
innovative vs. conservative obscuration GFL strategies, we rerun the regressions by
shifting the reference category to ‘Innovative GFL’. The results indicate that par-
ticipants exposed to the ‘Conservative GFL’ condition are less likely to provide the
most plausible solution (15 p.p. difference, stat. sig. at 1 or 5% levels depending on
the model specifications).!® In contrast, we did not detect any significant difference
across the two GFL conditions in terms of perceived self-difficulty and time taken to
answer.

5.2 Exploratory Analyses

We explored the heterogeneity of the Male Bias (relative to H1) and of the two GFL
alternatives (relative to H2 and H3) across participants’ socio-demographic charac-
teristics and attitudes. To this scope, we ran additional regression models where we
interacted the experimental conditions with: (i) age; (ii) having had a working mother
during childhood; (iii) index of familiarity with female doctors; (iv) feminist identity;
(v) Modern Sexism scale. (See above for the details on variable construction). None
of these analyses provides evidence of statistically significant differences in either of
our dependent variables, with a single exception: the interaction between the ‘Con-
servative GFL’ condition and working mother in the probability of solving the riddle
and in the self-perceived difficulty.!! In other words, the (obscurative) conservative
strategy resonated particularly among participants whose mother was working during
their childhood, allowing them to access the mental representation of the woman sur-
geon more often. However, since this interaction was not detected for the ‘Innovative

10Note that the confidence intervals reported in Figs. 1-3 refer to the main hypothesis testing (each condi-
tion against the ‘Classical riddle’ condition). Hence, the overlap of confidence intervals of the two GFL
conditions does not reflect a lack of statistically significant difference between the two, which we tested in
a different regression model with ‘Innovative GFL’ as reference category.

"'We have shared on OSF the code to ensure full replicability of all statistical models.
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GFL’ condition, we cannot exclude that the statistically significant difference may
also be a false positive.

6 General Discussion

The present study examined how grammatical gender in Italian can shape mental
representations, particularly in the context of the “specialist riddle,” where the most
plausible solution is that the surgeon is the boy’s mother. By manipulating the lin-
guistic formulation of “surgeon,” we aimed to determine whether alternative expres-
sions could reduce the persistent male bias observed in similar scenarios (Stoeger et
al. 2004; Kollmayer et al. 2018; Belle et al. 2021; Morechouse et al. 2022).

Our results show a pronounced gender bias among Italian adolescents when inter-
preting the generic masculine “chirurgo” (surgeon), a bias that persists even in a
younger demographic that might be expected to hold more egalitarian views (Shu
& Meagher 2018): compared to 91.4% of respondents who provide the statistically
plausible answer in the ‘Parent-role reversal’ condition, only 18.6% did so in the
‘Classical riddle’ condition.'?

This finding is strikingly similar to rates reported in English-speaking contexts
(Belle et al. 2021; Morehouse et al. 2022), suggesting that the bias transcends linguis-
tic boundaries and highlights the persistent stereotype that surgeons are men. Impor-
tantly, the introduction of GFL strategies significantly improved participants’ ability
to propose that the surgeon is the mother. Compared to the 18.6% in the ‘Classical
riddle’ condition, the conservative periphrasis in the ‘Conservative GFL’ condition
nearly doubled the likelihood of identifying the surgeon as the mother (37.6%). The
innovative form Chirurg* increased this further to 52.5%. Thus, both GFL conditions
substantially disrupted the default male interpretation.

Our data highlight how the use of the generic masculine (“chirurgo”) constrains
readers’ ability to imagine a female surgeon, thereby perpetuating male-dominated
interpretations of professional roles. While previous research in English showed that
people struggle to identify the surgeon as female when confronted with “surgeon”
(Belle et al. 2021; Morehouse et al. 2022), our study adds the specificity that, in a
grammatically gendered language like Italian, seeing the masculine form “chirurgo”
may strengthen masculine representations even more. This is plausible if we assume
that the English word “surgeon”, being grammatically neutral, might be cognitively
processed as similar to the Conservative GFL condition.

As discussed in Sect. 1.3.2, two main theoretical explanations help account for this
phenomenon: (1) the masculine form “chirurgo” may prime a male-associated mental
representation—an effect similar to that described in studies on grammatical gen-
der, where even inanimate referents can evoke masculine or feminine characteristics
(Vigliocco et al. 2005); (2) following Gygax et al. (2021), a grammatically masculine

121t may be argued that answering to the riddle in the ‘Parent-role reversal’ condition is obvious and that
the share of respondents who provide the statistically plausible answer (“the father”) should approximate
100%. However, across all conditions, respondents may fail to answer correctly due to misunderstanding
and lack of attention. Moreover, when faced with the ‘Parent-role reversal’ condition, respondents may be
puzzled by obviousness of the riddle as specified in the 7.2.
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word like “chirurgo” can ambiguously mean either a male surgeon or a surgeon of
unspecified gender. The cognitive complexity involved in managing this dual inter-
pretation tends to result in a preference for interpreting the term as masculine rather
than gender-neutral. The effects observed depend on the difficulty of disambiguating
the case where masculine is used in a proper sense (e.g., when referring to a male
surgeon) and those where masculine is used in a generic way (e.g., when referring to
a surgeon whose gender is unknown).

Despite the significant improvement in the GFL conditions, with 37.6% in the
‘Conservative GFL’ condition and 52.5% in the ‘Innovative GFL’ condition, these
percentages still fall short of the 91.4% achieved in the ‘Parent-role reversal’ con-
dition version of the riddle, where the surgeon is clearly the father following the
mother’s death. This discrepancy can be explained by two primary factors.

Beyond occupational stereotypes tied to specific professions, a broader gender bias
exists wherein masculinity is implicitly treated as the default or prototypical human
representation—a phenomenon known as the male-as-default bias or people=male
bias. This androcentric tendency has been extensively documented across disciplines,
showing how cultural norms and linguistic conventions reinforce the assumption of
maleness in generic contexts. For instance, studies have shown that when participants
are asked to imagine an unspecified “person” or “someone,” they overwhelmingly
envision men (Hamilton 1991, 2006). This bias extends even to ostensibly neutral
entities: everyday items such as “slices of bread” can elicit male associations, under-
scoring the pervasiveness of androcentrism in cognition (Wardle et al. 2022, 2023).
Experimental and corpus-based evidence further supports this view. Hamilton (1991)
showed that men are more likely than women to be perceived as representative of
the category “person,” while Merritt and Kok (1995) found that contextual cues only
marginally mitigate this bias. Large-scale corpus analyses reveal that the concept of
“people” is disproportionately associated with men (Bailey et al. 2022). Moreover,
psycholinguistic studies show that generically intended masculine forms (e.g., “he”)
automatically activate male imagery during sentence processing (Redl et al. 2021),
and even visually neutral figures are often assigned male pronouns and narratives
(Lindsay 2023). Collectively, this evidence illustrates that male-as-default is a deeply
rooted cognitive bias that persists across linguistic, visual, and conceptual domains.

The second explanatory factor concerns entrenched occupational stereotypes, par-
ticularly the strong cultural association between surgery and men. Such stereotypes
are resilient and may not be fully disrupted by brief linguistic manipulations, espe-
cially in contexts where they are continuously reinforced by social and professional
norms (Linscheid et al. 2020). Our research design cannot disentangle whether the
residual bias stems primarily from male-as-default reasoning or from the occupa-
tional stereotype linking surgery to men. It is plausible that both mechanisms operate
in tandem, jointly sustaining the persistence of gendered representations even under
gender-fair linguistic conditions.

In line with Belle et al. (2021), we did not find substantial interactions between
riddle-solving outcomes and the demographic or background variables we measured
(e.g., school track, familiarity with female physicians, or homoparental families).
Previous research on the specialist riddle has explored whether individual demo-
graphic, experiential, or attitudinal factors predict the likelihood of providing the
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“mother” answer, but findings remain mixed. Belle et al. (2021), for instance, con-
ducted a regression analysis including variables such as having an employed mother,
exposure to female physicians, self-identification as a feminist or political liberal,
and scores on the Modern Sexism scale (Swim et al. 1995). None of these factors
significantly predicted the ability to recognize that the surgeon might be a woman,
except for participants’ own gender—those identifying as female were more likely to
provide the “mother” solution.

By contrast, Morehouse et al. (2022) tested the robustness of the surgeon =male
stereotype across seven studies with a nationally representative U.S. sample. They
found that while gender and political ideology exerted smaller effects, riddle-solving
rates varied significantly across age, race, education, and income. Specifically, ste-
reotypical responses increased with age, and White participants were substantially
more likely to offer the “mother” response than Black or Latinx participants. Lower
levels of education and income were generally associated with higher rates of ste-
reotypical responding. The discrepancy between Belle et al.’s and Morehouse et al.’s
results likely reflects sample characteristics: Belle et al. relied on a small, relatively
homogeneous sample of university students (z =152), whereas Morehouse et al. ana-
lyzed a large, demographically diverse population. Importantly, even among sub-
groups associated with reduced stereotypic responding in Morchouse et al. (2022),
the rate of “mother” responses remained low—for instance, only 22% among partici-
pants with a bachelor’s degree or higher, and nearly 70% of those with a close female
relative working as a doctor or surgeon still failed to provide the “mother” solution.

In light of these findings, our null results regarding demographic predictors are not
surprising. Our sample was relatively homogeneous in key respects (e.g., region, age
bracket), and we did not collect parental education data, which could have offered
finer-grained insight into socioeconomic background. Future research should repli-
cate and extend these analyses by including more diverse samples and contextual
variables. Nonetheless, our partial control for socioeconomic background through
school track revealed no significant effects. This is consistent with Pabst and Koll-
mayer (2023), who found that using gender-fair forms—in their study, the gender
star—did not reduce text comprehensibility or aesthetic appeal, even among partici-
pants without an academic background. Similarly, our results suggest that both “per-
sona che opera” and “chirurg*” are comprehensible to adolescents across educational
tracks, indicating that gender-fair language innovations do not necessarily impose a
cognitive burden or reduce clarity.

Interestingly, while participants in the ‘Classical riddle’ and ‘Parent-role reversal’
conditions spent similar amounts of time on the riddle, the perceived difficulty was
higher in the ‘Classical riddle’ condition. One explanation for these seemingly con-
tradictory findings is that encountering a grammatical form that triggers cognitive
dissonance (“How can the boy have two fathers?”’) amplifies subjective difficulty
without necessarily prolonging the objective solution process. By contrast, partici-
pants in the ‘Parent-role reversal’ condition may have spent time double-checking
for any trick in what appeared to be a straightforward scenario—thus inflating their
response times—but without experiencing the same level of cognitive conflict.

@ Springer



Who's the Surgeon? Cognitive Implications of Gendered Language 295

Our findings suggest that GFL strategies—both conservative (periphrases) and
innovative (neologisms like “chirurg*”)—can help disrupt default male interpreta-
tions in Italian. Notably, the innovative “chirurg*” form improved solution rates
more substantially (52.5%) than “persona che opera” (37.6%), yet both forms sig-
nificantly outperformed the generic masculine baseline. Meanwhile, there were no
marked differences in perceived difficulty or response times across the two GFL con-
ditions, paralleling the results of Pabst and Kollmayer (2023), who also reported no
adverse effects of GFL on text comprehensibility. Together, these points indicate that
fears about reduced readability or acceptance of innovative GFL forms may be over-
stated, and that such strategies can be a potent means of challenging occupational
stereotypes. >

6.1 Limitations and Future Directions

Despite its strengths—such as a relatively large sample of adolescents from diverse
school tracks—this study has some limitations. We lacked detailed parental educa-
tion data, which might help clarify how socioeconomic factors interact with riddle
solving and GFL. Furthermore, our focus on a single occupational stereotype (sur-
geon) cannot be easily generalized to other professions, especially those seen as more
gender-neutral or even female-dominated. Future research could compare multiple
professions across languages with and without grammatical gender, systematically
examining how each factor (e.g., GFL vs. no GFL, stereotypically male vs. female vs.
neutral professions) affects interpretation. Cross-cultural studies comparing Italian
adolescents to peers in other countries with different grammatical and cultural con-
texts may also shed light on whether the strength of the male-as-default bias varies
with linguistic structure.

7 Conclusion

This study, by explicitly comparing the generic masculine “chirurgo” with gender-
fair alternatives such as “persona che opera” and “chirurg*,” makes the effect of
linguistic form on mental representations especially clear. Even minimal changes
prompted significantly more participants to hypothesize that the surgeon is a woman,
thus confirming the potential of GFL to mitigate male-dominant interpretations of
professional roles. These findings contribute to ongoing debates on GFL in Italy and
other countries with gendered languages by highlighting how deliberate, small-scale
linguistic reforms can challenge entrenched stereotypes and foster more inclusive
perceptions of who can occupy high-status professions.

This research did not receive any specific grant from funding agencies in the pub-
lic, commercial, or not-for-profit sectors.

13 For a discussion of whether innovative strategies may pose challenges for visually impaired and dyslexic
individuals, see Giovine (2026).
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