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Most research to date on implicit gender stereotyping has been conducted with one
age group – young adults. The mechanisms that underlie the on-line processing of
stereotypical information in other age groups have received very little attention. This is
the first study to investigate real time processing of gender stereotypes at different age
levels. We investigated the activation of gender stereotypes in Italian in four groups of
participants: third- and fifth-graders, young and older adults. Participants heard a noun
that was stereotypically associated with masculine (preside “headmaster”) or feminine
roles (badante “social care worker”), followed by a male (padre “father”) or female kinship
term (madre “mother”). The task was to decide if the two words – the role noun and the
kinship term – could describe the same person. Across all age groups, participants
were significantly faster to respond, and significantly more likely to press ‘yes,’ when
the gender of the target was congruent with the stereotypical gender use of the
preceding prime. These findings suggest that information about the stereotypical gender
associated with a role noun is incorporated into the mental representation of this word
and is activated as soon as the word is heard. In addition, our results show differences
between male and female participants of the various age groups, and between male-
and female-oriented stereotypes, pointing to important gender asymmetries.

Keywords: gender stereotypes, on-line language processing, implicit measure, children, young adults, older
adults

Introduction

Gender stereotyping, for better or worse, occurs frequently in everyday life. We seem to readily
attribute masculine gender to doctors, surgeons, and politicians, and feminine gender to nurses,
school teachers, and secretaries. When our personally held beliefs are compromised in one way or
another, we feel obliged to provide additional information, as suggested by terms like male nurse
or female soldier. This occurs even when other clues already point to the gender of the referent, as
in the following example: Military rules ban pregnant servicewomen from front-line duties, though
last year another female British soldier gave birth two weeks after returning from her six-months
deployment to Afghanistan [BBC News, 24th March, 2013, emphasis added].

In contexts where there is no explicit information about the gender associated with a
specific occupation (doctor, nurse), personal trait (aggressive, nurturing), or activity (mending,
laundering), we rely on our beliefs and background knowledge to infer – sometimes erroneously –
the more likely gender. A wealth of psycholinguistic studies has looked at the activation of
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stereotypical gender information during language processing.
Specifically, it has been widely documented that when language
users encounter stereotypically incongruent information (male
nurse or female doctor), their processing slows down (Banaji and
Hardin, 1996; Carreiras et al., 1996; Garnham et al., 2002; Duffy
and Keir, 2004; Oakhill et al., 2005; Cacciari and Padovani, 2007;
Kreiner et al., 2008; Pyykkönen et al., 2010; Siyanova-Chanturia
et al., 2012). These studies have shown that stereotypical gender
information is incorporated into the mental representation of the
role noun in question (doctors/surgeons/politicians are assumed
to be males, while nurses/teachers/secretaries are assumed to
be females), and that gender activation occurs at the time a
role noun is encoded (Oakhill et al., 2005; Siyanova-Chanturia
et al., 2012). These and other studies have used a range of
methodologies, paradigms, and tasks to investigate moment-
by-moment processing of stereotypical gender information,
predominantly in young adults. As we will see in the following
review of previous research, the processing of stereotypical
gender violations in other age groups – such as children and older
adults – remains poorly understood. There is also relatively little
data that indicate whether the stereotypicality effects vary with
the sex of the participants or with the gender indicated by the
linguistic items involved.

Young Adults
The bulk of the research on the processing of gender stereotypes
has focused on young adults, and has shown that linguistic
information congruent with stereotypes is processed more
rapidly than incongruent information. An early study (Banaji
and Hardin, 1996) measured response times in judging the
grammatical gender of personal pronouns (he, she) that followed
prime words that were gender-biased either definitionally
(mother, father) or because of stereotyped use (nurse, doctor).
Responses were slower when there was a mismatch between
the gender of the prime and that of the pronoun, especially
for definitional terms (mother followed by he). Participants also
responded significantly more quickly to targets that matched
their own gender. Banaji and Hardin’s (1996) paradigm has since
been used in other behavioral studies and in studies measuring
event-related brain potentials (ERPs; Cacciari and Padovani,
2007; Siyanova-Chanturia et al., 2012). Interestingly, Cacciari
and Padovani (2007) found a stereotype incongruency effect
with masculine pronouns (secretary-he) but not with feminine
pronouns (engineer-she).

In a study employing a similar paradigm, and one on
which the current study is based, Oakhill et al. (2005) asked
participants to read word pairs in which a stereotypically
male or female role noun (engineer or secretary, respectively)
was followed by a kinship term that was either congruent
(engineer – brother) or incongruent (engineer – sister), and to
decide for each pair whether they could be used to refer to the
same person. Participants responded more rapidly to congruent
than incongruent word pairs, even when they were explicitly
instructed to suppress their gender stereotypes.

In an eye-tracking study (Duffy and Keir, 2004), test sentences
contained masculine and feminine role nouns as antecedents
to stereotypically congruent or incongruent reflexive pronouns

(The electrician taught himself/herself . . .). Test sentences were
preceded either by a discourse context specifying the sex of the
referent or by a sex-neutral context. In the neutral contexts,
automatic activation of gender stereotypical information encoded
in the role nouns resulted in higher processing costs and
longer fixation times when the test sentences contained
incongruent pronouns (for similar results, see Irmen, 2007;
Pyykkönen et al., 2010; also see Esaulova et al., 2014). However,
when the preceding context signaled that the character’s
sex matched the reflexive pronoun, the incongruency effect
disappeared. Kreiner et al. (2008) similarly found congruency
effects on fixation times in anaphoric sentences (where the
reflexive follows the noun to which it refers: Yesterday the
minister left London after reminding himself/herself about the
letter, where the reflexive pronoun refers to a preceding noun)
but not in cataphoric sentences (where the reflexive precedes its
noun: After reminding himself/herself, the minister immediately
went to the meeting at the office).

ERP studies have shown that the brain response to gender
stereotype violations in language might be indexed by two
different components, the N400 and the P600. The N400
is a negative-going deflection peaking around 400 ms. after
stimulus onset that has traditionally been shown to reflect
semantic and world knowledge violations (for an overview,
see Kutas and Federmeier, 2011). The P600 is a slow
positive shift emerging 500–900 ms. after stimulus onset,
traditionally associated with syntactic violations, but also linked
to semantic anomaly (Osterhout and Holcomb, 1992, 1995;
Kuperberg et al., 2003; Kim and Osterhout, 2005; Bornkessel-
Schlesewsky and Schlesewsky, 2008). White et al. (2009)
presented participants with a gender category (men/women)
followed by a word stereotypically associated with males
(aggressive) or females (nurturing). Participants judged whether
or not the two words matched, according to their beliefs about
gender stereotypes. Stereotypically incongruent combinations
(men/nurturing, women/aggressive) elicited a larger N400 than
congruent ones. In their ERP study, Siyanova-Chanturia et al.
(2012) used Banaji and Hardin’s (1996) paradigm described
above with native speakers of Italian. Participants judged the
grammatical gender of a personal pronoun (equivalent to English
he, she) following either a definitionally gendered noun (mother,
father) or a gender stereotyped role noun (teacher, driver). After
definitionally gendered nouns, incongruent pronouns (mother/he
or father/she) resulted in a N400 effect, but after stereotypically
gendered nouns, this effect was found only with male targets
(teacher/he but not driver/she), suggesting that participants were
more accepting of female drivers than male teachers.

In an earlier ERP study of gender stereotypes, Osterhout
et al. (1997) observed larger P600s when the stereotypical gender
of an antecedent role noun was incongruent with the gender
of a reflexive pronoun (doctor – herself ) than when it was
congruent. They found a stronger effect for female than for
male participants, suggesting that females have stronger gender
stereotypes. Finally, Irmen et al. (2010) conducted a study
in German, in which participants read statements involving
occupations (florists, pilots) followed by masculine, feminine,
or neutral anaphoric noun phrases (these men/women/people).
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While the occupations are stereotypically associated with males
or females, all of the nouns representing them had masculine
grammatical gender. When the anaphors were semantically
incongruent with their antecedents, feminine anaphors produced
more positive P600 responses than masculine anaphors. Irmen
et al. (2010) suggested this was because the masculine anaphors
were congruent at least with the masculine grammatical gender
of the female antecedent noun, and that this eased integration,
compared with the feminine anaphors.

A range of behavioral, eye-tracking, and ERP studies have
thus shown stereotypical gender effects in experiments with
young adults. These studies suggested that information about
stereotypical gender – denoting an occupation or a personal
characteristic – is incorporated into the reader’s representation
of a word, and that this information is difficult to suppress
during on-line language processing. A few of these studies
have also reported asymmetries that depend on the gender
indicated by the words involved and on the sex of the participant,
with stronger incongruency effects reported for combinations of
female stereotypes with masculine pronouns and from female
participants.

Older Adults
Most of the stereotype research with older populations has
focused on racial rather than gender stereotypes, with older adults
frequently found to be more prejudiced than younger adults.
Following Devine (1989), it has been widely hypothesized firstly
that what sets apart prejudiced and non-prejudiced individuals is
the extent to which they are able to suppress stereotyped behavior,
and secondly that this ability diminishes with age. For instance,
von Hippel et al. (2000) found that younger (18–25 years of age)
but not older (65–95) adults were able to ignore racial stereotypes
when rating the intelligence of two characters presented as
African American and Caucasian. Similarly, Gonsalkorale et al.
(2009) found that older adults showed greater implicit bias
because of their inability – relative to young adults – “to regulate
automatically activated associations” (p. 412), and Radvansky
et al. (2010) found that older adults (60–88) drew on and
maintained racial stereotypic references to a much greater extent
than younger adults (18–25).

To the best of our knowledge, only one study has investigated
the processing of gender stereotypical information in older
adults. In a self-paced reading study (Radvansky et al., 2009),
younger (18–22) and older (60–87) adults read a series of
short stories (adapted from Duffy and Keir, 2004). Critical
sentences contained sequences such as The babysitter/plumber
found herself/himself . . . in which the reflexive pronoun was
either congruent or incongruent with the gender stereotyped
occupation of the character. Both young and older adults showed
an effect of congruency on reading time. But unlike the findings
in studies on racial prejudice, both groups of adults were found
to be capable of suppressing gender stereotypes when counter-
stereotypic information was provided in the preceding context.
There is no indication as to whether this varied with participant
sex or with the gender of the stereotyped items.

So while research on racial stereotypes suggests that older
adults may be less able to suppress the activation of stereotypical

information than younger adults, the small amount of relevant
research suggests that this may not be the case with gender
stereotypes.

Children
Gender stereotyping in children has received increasing attention
in recent years, with a particular focus on the development
of stereotype behavior during childhood. Hill and Flom (2007)
found sensitivity to gender stereotypes at 24 months but not
at 18 months, using a preferential looking paradigm in which
children watched male and female actors performing masculine
and feminine stereotypical activities. An earlier study (Poulin-
Dubois et al., 2002) used a generalized imitation paradigm in
which children selected a male and a female doll to imitate
masculine and feminine stereotypical activities. They found that
24-month-old girls, but not boys, were sensitive to the violation
of gender stereotypical activities.

Research with children has also addressed the question
of stereotypical gender asymmetry, that is, whether gender
stereotyping is less restrictive for female than for male
stereotypes, as predicted, for instance, by Social Role theory
(Eagly and Steffen, 1984; Diekman and Eagly, 2000; Eagly et al.,
2000). Wilbourn and Kee (2010) asked 8- and 9-year-old children
to create sentences that paired male and female proper names
with stereotypically masculine and feminine occupations. The
results showed that children were less likely to think of males
engaging in traditional feminine activities (Henry-nurse) than
the other way around (Mary-doctor). As noted above, a similar
asymmetry has recently been found in young adults (Siyanova-
Chanturia et al., 2012, see also Cacciari and Padovani, 2007;
Irmen et al., 2010; Reali et al., 2014).

Banse et al. (2010) considered both stereotype knowledge and
stereotype flexibility in groups of 5-, 8-, and 11-year-old children.
Stereotype knowledge is reflected in automatic stereotyping that
occurs independently of whether the individual considers the
stereotypes to be accurate or not, while stereotype flexibility
involves a recognition that stereotypes can be wrong (see also
Signorella et al., 1993; Trautner et al., 2005). The children were
assessed on how they associated gender-stereotyped common
objects (iron, hammer) with men and women, and gender-
stereotyped toys (doll, truck) with boys and girls. The results
showed that gender stereotype knowledge for toys was at ceiling
as early as 5 years of age, and for common objects reached ceiling
levels by 11 (while already very high at five). Stereotype flexibility,
that is, the realization that stereotypes are not immutable,
showed a considerable increase from the age of 5–11, and, unlike
stereotype knowledge, was higher at all ages for common objects
than for toys. Differences between girls and boys and between
female- and male-related stereotypes were reported neither for
stereotype knowledge nor for stereotype flexibility.

Few studies in this area tap into the processes underlying
the moment-by-moment comprehension of gender stereotypes.
A notable exception is Most et al. (2007), who used an auditory
Stroop paradigm in which young adults and third-graders
(∼9 years old) categorized the sex of voices that pronounced
male and female proper names, or stereotypically male (football),
female (makeup), or neutral (paper) words. Both children and
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adults were slower when the voice’s sex was incongruent either
with the gendered stereotype of the spoken word (makeup spoken
with a male voice; football spoken with a female voice) or with the
gender of the proper name (Cindy spoken with amale voice; Jason
spoken with a female voice). This suggests that implicit gender
associations are already present in 8- to 9-year-old children.
Unfortunately, it is not clear how the gender stereotypicality of
the heterogeneous types of target words (nouns, adjectives, verbs,
names of activities, objects, professions, concrete, and abstract
words) was established. Nor does there seem to be any control
of the lexical properties that are known to affect the time it takes
to decode a word stimulus (such as word frequency, length, etc.).

The studies cited above provide a sketch of the development
of gender stereotypical behavior in children. Automatic
stereotyping is evident from an early age and firmly in place
by about 11 years. At the same time, children show evidence
from 5 to 11 that they are increasingly able to override their
stereotype behaviors. Stronger sensitivity to stereotype violations
has been reported for very young girls than for boys, and there
is some evidence that children are more sensitive to gender
incongruencies in which stereotypically feminine roles are paired
with male persons.

The Present Study

The majority of the studies on gender stereotyping conducted
with children and older adults employed explicit off-line
measures such as questionnaires, off-line reading, and judgment
and classification tasks. Although such measures usefully
elucidate social beliefs and attitudes, they do not provide
information on the underlying moment-by-moment processes
that can be revealed by real-time measures such as reaction times,
eye-tracking, and ERPs – methodologies that have so far been
mostly used with young adults. In addition, previous studies
have had little to say either on the possible differences between
the sexes in terms of behavior with gender stereotypes, or on
the possibility that female- and male-gendered language may be
responded to differently.

The present study therefore aimed to use the same real-time
measure to assess gender stereotype behavior with a range of ages,
namely third- and fifth-graders (∼8 and 10 years of age), young
adults (mean age of 24), and older adults (mean age of 77). It also
aimed to assess differences between female and male participants
and between female- and male-gendered stereotypes. To achieve
this, we adapted Oakhill et al.’s (2005) paradigm outlined earlier.
Participants had to decide whether two words – a gender-biased
occupational role and a kinship term – could describe the same
person. The two terms formed either a stereotypically congruent
pair (engineer – brother) or an incongruent pair (secretary –
father). Our adaptation of the paradigm was that we used
auditory rather than visual presentation of the stimuli, since
this seemed better suited for testing participants with different
reading abilities. Response choices (‘yes’/‘no’) and decision times
for those choices were collected.

Our predictions are that all age groups will show sensitivity
to the violation of gender stereotypical information, but that the

extent of this sensitivity will be age-dependent. In particular,
we predict that adults will show greater stereotype flexibility
and be better able than children to suppress gender stereotypes
and therefore to accept the incongruent role-kinship pairs
as possibly referring to the same person. The evidence from
racial stereotypes indicates that older adults are less well able
to suppress stereotypes than younger adults, while Radvansky
et al. (2009) suggest that this may not be the case for gender
stereotypes. It remains an empirical question, therefore, whether
the results for older adults will show the same or lowered rates
of suppression of gender stereotypes compared with those for
young adults. We will look to the extent and speed of acceptance
that the incongruent pairs may refer to the same person as a
measure of this. Within the two groups of children, we predict
that the change in stereotype flexibility demonstrated by Banse
et al. (2010) for children between the ages of 5 and 11 will be
reflected in stronger and more rapid acceptance of incongruent
pairs by our fifth-graders than by our third-graders.

As far as the gender of the tested words is concerned, we note
that the research reviewed above showed asymmetries both for 8-
and 9-year-old children (Wilbourn and Kee, 2010) and for young
adults (Siyanova-Chanturia et al., 2012). We predict that for our
data, these groups will be more likely to accept the combination
of male roles with female kinship terms (engineer-sister) than vice
versa (secretary-brother). We have no reason not to expect the
same of our older adults.

With regard to sex differences between our participants, we
predict – on the basis of the study with very young children by
Poulin-Dubois et al. (2002) – that young girls will show greater
stereotype flexibility than young boys, and will therefore be more
likely to accept incongruent pairs. There is little direct evidence
cited above that addresses this issue in adults, but our prediction
is that by adulthood, male participants will show similar degrees
of stereotype flexibility as females.

Method

Participants
Our young adult group comprised 28 students at the University
of Modena and Reggio Emilia (13 females, mean age: 24.1, range:
20–30, SD: 4.3) who participated in the experiment for course
credit or a small gift (equivalent of €10).

Our group of older adults was made up of 30 cognitively
preserved older adults (14 females, mean age: 77.4, range: 72–
82, SD: 2.5) with homogenous educational and socio-economic
backgrounds. They all achieved a Mini-Mental State Evaluation
score (MMSE, Folstein et al., 1975) equal to, or higher than 26
(M = 28.2, SD: 1.7, range: 26–30) and had at least 10 years
of formal education. They did not receive a gift for their
participation.

Our two groups of children consisted of 43 third-graders (20
females, mean age: 8.5, range: 7.9–9.5, SD: 0.4) and 42 fifth-
graders (17 females,mean age: 10.4, range: 9.7–11.2, SD: 0.3) from
the same school in the province of Modena, Emilia Romagna
(Italy). They received a small gift (equivalent of €3) for their
participation. The use of these two age groups was based on our
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review of earlier studies which suggests that these groups fall in
a period of development where stereotype flexibility is increasing
rapidly (Signorella et al., 1993; Trautner et al., 2005; Banse et al.,
2010). We decided not to test children younger than third grade
because of the task demands of a paradigm that requires high
accuracy and speed.

All participants were residents in the province of Modena,
Emilia Romagna (Italy). They were informed of their rights and
gave written informed consent for participation in the study (for
children, this consent was granted by their parents), according
to the Declaration of Helsinki, and in line with the ethical
requirements of the University of Modena and Reggio Emilia.

Materials
Material selection followed two stages of norming, with adults
and with children. In all cases rating scales were used, with
the scale poles reversed for half of the participants. None
of the participants used in the norming studies also took
part in the main experiment. An initial set of 260 Italian
words (nouns, past participles, and adjectives), morphologically
unmarked for gender and specifying occupations, roles and
individual characteristics, was presented in two questionnaires
(each containing 130 words) to 40 students (20 females).
Participants rated the extent to which each word was associated
with men, women, or both, using a seven-point scale. From this
initial set, 60 words were selected that were rated as highly male-
oriented (30 words) or female-oriented (30 words). A further
set of 40 participants subsequently rated the valence (positive,
negative, or neutral connotations) of the 60 selected words.

To ensure the 60 selected words were familiar to third- and
fifth-graders and had gender associations from the children’s
perspective, they were included in additional questionnaires
presented to 133 children (half third-graders and half fifth-
graders; half females). Participants selected from three options,
indicating that the words could be used: (1) only for men, (2) for
both men and women, (3) only for women. There was a fourth
option – ‘I don’t know’ – in case the word was not known to the
participant; this option always appeared last. The questionnaire
also included filler items morphologically marked for gender
(amico “male friend”). If a child performed poorly on such items,
then their data were excluded from the norming procedure.

On the basis of this norming, we selected nine words that
received the highest ratings of male-oriented stereotypicality
(preside “headmaster”), and nine words that received similarly
high ratings of female-oriented stereotypicality (badante “social
care worker”) in the adult rating task. All 18 selected words were
known to both third- and fifth-graders. The male- and female-
oriented words did not significantly differ in stereotypicality for
either adults or children, nor in their valence. The words in
the two groups were also comparable in terms of frequency
(Repubblica corpus, Baroni et al., 2004), length (number of
characters), and in the durations of the recorded tokens used in
the experiment (see below). Norming and lexical statistics are
summarized in Table 1.

The selected items (see Appendix) used one of three nominal
endings not associated with a specific grammatical gender. Each

TABLE 1 | Mean log frequency, length, stereotypicality, valence, and
millisecond duration of target stimuli.

Male stereotype Female stereotype p

Log frequency 3.1 (2.4–3.7)
0.4

2.3 (0.0–3.7)
1.2

=0.11

Length (characters) 8.8 (4.0–13.0)
2.8

9.3 (7.0–12.0)
1.5

=0.60

Adult stereotypicality 2.6 (2.0–3.5)
0.5

2.9 (1.3–3.8)
0.8

=0.17

Child stereotypicality 1.7 (1.6–1.8)
0.1

1.8 (1.4–1.9)
0.2

=0.09

Valence 4.5 (3.8–5.8)
0.6

4.9 (4.1–5.5)
0.5

=0.20

Duration (ms) 779 (526–1032)
175.3

826 (659–972)
107

=0.22

Range is indicated in parentheses and standard deviation in italics below.

of the groups of male- and female-oriented words contained five
words ending in -ista, three in -e, and one in a consonant.

Following Oakhill et al. (2005), each of the 18 role nouns
was paired with each of six paired kinship terms: sorella “sister,”
fratello “brother,” madre “mother,” padre “father,” moglie “wife,”
marito “husband,” resulting in three stereotypically congruent
and three stereotypically incongruent word pairs for each role
noun. The words in each kinship pair were comparable in terms
of their lexical characteristics (see Table 2).

The tokens of all words used in the experiment were created
using ALFa Reader 3 voice synthesizer software. We used speech
production software rather than a human voice to make the
recording as neutral as possible (free of regional accents, personal
traits, etc.). Two native speakers of Italian judged the recordings
to be natural and to have native-like prosody.

Procedure
Participants were seated comfortably in a silent room. In each
trial, a fixation point (+) appeared in the center of a computer
screen for 1500 ms. followed by a blank screen for 350 ms.
Participants then heard the prime (role noun) and 250 ms. later
the target (kinship term), and decided whether the two words
could describe the same person. They were instructed to listen
carefully to both words and to press the ‘yes’ or ‘no’ button on a
button box as quickly and accurately as possible (button positions
were reversed for half of the participants). The subsequent trial
began after the response. To ensure that the gender of the voice

TABLE 2 | Mean log frequency, length, and millisecond duration of the six
kinship terms used in the experiment.

madre
padre

sorella
fratello

moglie
marito

Log frequency 4.6
4.8

4.0
4.3

4.4
4.7

Length (characters) 5
5

7
8

6
6

Duration (ms) 440
435

668
680

616
587
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did not bias participants’ response (for such an effect, see Most
et al., 2007; Van Berkum et al., 2008), half of the participants
listened to the words pronounced with a male-synthesized voice
and half with a female-synthesized voice.

The experiment comprised six blocks of 36 trials (216 word
pairs in total). Trials were pseudorandomised in each block, but
each block contained equal numbers of stereotypically congruent
and incongruent pairs, and of feminine and masculine role
nouns. Each role noun occurred only once in each block. In
addition to the 18 test pairs, each block contained 18 filler pairs
(half congruent, half incongruent), whose primes were role nouns
morphologically marked for gender (amico “male friend,” ragazza
“girl”). These filler pairs provided a measure of performance
accuracy in the task (see below).

The experimental session was preceded by a practice block
of 20 trials (half congruent and half incongruent word pairs of
the same type as the fillers). After each block, participants were
invited to take a short break.

Analysis and Results

A total of 16 participants (11% of the original 143) were excluded
for one or more of the following reasons: they exceeded the 25%
error rate threshold on the fillers (N = 3), they were non-native
speakers of Italian (N = 4), they did not follow the instructions
(N = 3), they were identified as having hearing problems or
learning difficulties (N = 3) or as not being naïve to the nature
of the experiment (N = 1), or because of equipment failure
(N = 2). One further participant was excluded on the basis of
having exceptionally long response times (a mean response time
more than 2.5 standard deviation from the mean for their age
group). Hence the analyses were conducted on 34 third-graders
(17 females), 39 fifth-graders (17 females), 26 young adults (13
females), and 27 older adults (14 females). The mean error rate
on the fillers for the retained participants was 9.7% for third-
graders, 7.8% for fifth-graders, 3.9% for young adults, and 7.9%
for older adults. The distribution of response times across both
experimental and filler items was examined within each age
group, and cut-off times determined for the group. A total of
2.06% of responses were removed.

Mixed effects models were computed over responses to the
experimental items for response choice (logistic regression) and
response times (linear regression), using the lme4 package in R
(Bates et al., 2015). The afex package (Singmann et al., 2015) was
used to determine Chi-square values and significance levels for
relevant factors. For the response choice analysis, the dependent
variable was the selection of ‘yes’ or ‘no’ (prime and target
could or could not describe the same person). In the analysis of
response times, since these did not follow a normal distribution,
the effect of a range of transformations was tested, and the inverse
square root function [transformed RT = 1/sqrt(RT)] selected as
the best fit to a normal distribution.

Following model comparison, the random effects structure
for both response choice and response time analyses included
random intercepts for participant, prime (the stereotyped role
word) and target (the kinship term), and random slopes by

participants across the sequence of blocks in the experiment. The
fixed effects were Participant Sex, Age Group (third grade, fifth
grade, young adult, or older adult), Block1 , Target Gender (female
or male kinship term), and Congruence (the target word formed
a congruent or incongruent pair with the prime word).

Response Choice Analysis
To test our predictions that there will be age-dependent
sensitivity to the violation of gender stereotypical information,
and that there will be asymmetries in the acceptability of
incongruent items depending on the gender of the items, we ran
a model including as predictors Congruence, Age Group, and
Target Gender, as well as Block2. Figure 1 presents a summary
of the proportions of ‘yes’ responses by Congruence, Age Group,
and Target Gender.

The statistical model confirmed simple effects of Block
(participants increasingly respond with ‘yes’ across blocks:
χ2 = 63.90, df: 1, p < 0.0001), Congruence (the proportion of
‘yes’ responses was higher for congruent pairs: χ2 = 1166.22,
df: 1, p < 0.0001), Target Gender (more ‘yes’ responses after
pairs with male targets, χ2 = 15.18, df: 1, p < 0.0001) and
Age Group (χ2 = 69.60, df: 3, p < 0.0001). The overall effect
of Age Group reflects a very high level of ‘yes’ responses for
young adults, with lower levels for old adults, then fifth-graders
and, finally, third-graders. As well as demonstrating an overall
effect, Congruence was involved in a number of interactions.
Therefore, we subsequently modeled congruent and incongruent
conditions separately, with Block, Target Gender, and Age Group
as predictors.

Congruent Pairs
The analysis of congruent pairs revealed simple effects of Block
(χ2 = 15.14, df: 1, p < 0.0001), Age Group (χ2 = 68.04, df: 3,
p < 0.0001), and Target Gender (χ2 = 7.59, df: 1, p < 0.01),
and a significant interaction of Target Gender and Age Group
(χ2 = 25.36, df: 3, p < 0.0001). As can be seen from the upper
panel of Figure 1, the interaction of Target Gender and Age
Group reflects the fact that there were considerably more ‘yes’
responses tomale targets than to female targets in congruent pairs
for third graders, with smaller Target Gender differences in the
same direction for older adults and fifth graders, and virtually no
difference for young adults.

Subsequent analysis of each age group in the congruent
condition showed no effects for young adults; this is hardly

1Block was included because of widely-reported speeding-up and slowing-down
effects across response time experiments which can add variance to response data.
The block effects are not important in the context of our predictions above and will
not be discussed in detail. However, it is interesting to note that in the response
time analyses adults typically sped up across the experiment but the children
slowed down. Importantly, additional analyses showed that these age-related block
effects did not interact with the experimental variables in this study, suggesting that
our participant groups did not change their performance strategically in response
to patterns they may have noticed in the stimuli.
2This initial analysis did not also include Participant Sex, because models including
this as a predictor failed to converge. This is because the female young adults
produced 100% ‘yes’ responses to subsets of data, a situation which produces
inflated standard error in logistic regression. Since our prediction concerning
Participant Sex relates primarily to children rather than adults, this factor will be
reintroduced in subsequent analyses of each age group.
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FIGURE 1 | Proportions of ‘yes’ responses for congruent and incongruent prime-target pairs, by Age Group and Target Gender (mean and standard
error).

surprising given the ceiling-level performance that is visible in
the top panel of Figure 1. For the other three groups we were able
to introduce Participant Sex into the models (see Footnote 2).
For each group there was a significant interaction of Target
Gender and Participant Sex (older adults: χ2 = 17.28, df: 1,
p < 0.0001; third-graders: χ2 = 16.31, df: 1, p < 0.0001; fifth-
graders: χ2 = 4.18, df: 1, p< 0.05). In each case, there was a larger
Target Gender difference for male participants than for female
participants for both of these groups. In addition, males gave
fewer ‘yes’ responses than females when the target was female,
but more when it was male (see Table 3).

Incongruent Pairs
As with the congruent pairs, the analysis of the incongruent
pairs revealed a significant interaction of Target Gender and Age
Group (χ2 = 35.60, df: 3, p < 0.0001). In addition, there were
significant simple effects of Block (χ2 = 44.13, df: 1, p < 0.0001),
Age Group (χ2 = 49.79, df: 3, p < 0.0001), and Target Gender
(χ2 = 4.46, df: 1, p < 0.05). The lower panel of Figure 1 shows
that the interaction of Target Gender and Age Group is similar to
that found for the congruent pairs, but is more strongly marked.

The largest difference for Target Gender is for the third graders,
followed by older adults, then fifth graders and finally young
adults, who have a very small difference in the opposite direction.
As before, each of these age groups was subsequently analyzed
in separate models, which included Participant Sex. The young
adult data showed no effects of Participant Sex or Target Gender.
The older adults showed a significant effect for Target Gender
(χ2 = 4.34, df: 1, p < 0.05), and this effect was marginally
significant for the fifth-graders (χ2 = 3.37, df: 1, p = 0.07).

TABLE 3 | Proportion of ‘yes’ responses by Age Group, Participant Sex
and Target Gender, congruent pairs.

Female participants Male participants

Female
targets

Male
targets

Female
targets

Male
targets

Third grade 0.79 0.92 0.68 0.95

Fifth grade 0.89 0.91 0.88 0.95

Young adults 0.99 1.00 0.98 0.99

Older adults 0.91 0.95 0.89 0.99
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A major difference in the case of the third graders is that there
was a significant interaction of Target Gender and Participant Sex
(χ2 = 29.37, df: 1, p < 0.0001), as well as a significant simple
effect for Target Gender (χ2 = 9.61, df: 1, p < 0.005). Table 4
shows that, although both third-grade boys and girls gave more
‘yes’ responses to incongruent items that had a male kinship term
as the target, this difference was over twice as large for boys as for
girls.

Response Choice Data: Summary
Overall, congruent pairs led to higher levels of ‘yes’ responses
(responding that the prime and target could describe the same
person) than incongruent pairs. This is true of all age groups,
supporting our prediction that all groups will show sensitivity
to stereotype violation. Importantly, though, this effect varies
across age groups, and is most marked with the younger children,
indicating that they have the lowest level of stereotype flexibility.

The incongruent pairs showed strong age-related effects,
as well as Target Gender effects, with male targets following
female role nouns receiving higher proportions of ‘yes’ responses
than female targets, particularly from the younger children.
This finding is contrary to our prediction that combinations of
male roles with female kinship terms will be more acceptable
than vice versa. Note though that a similar Target Gender
difference was identified in the congruent condition. We also
found interactions of Participant Sex and Target Gender for
congruent pairs for all age groups except for the young
adults, but only for the third-graders for the incongruent
pairs. We will return to these findings in the Discussion
section.

Response Times
The dependent variable in this analysis was the set of transformed
response times (using the inverse square root transformation).
For clarity, however, the graphs below present the untransformed
mean response times. Two sets of analyses were carried out, one
for the ‘yes’ responses and one for the ‘no’ responses. The second
of these included only responses to incongruent pairs, because
the low numbers of ‘no’ responses to congruent pairs in some
combinations of predictors made it difficult to obtain reliable
regression models (see Footnote 2).

‘Yes’ Responses
Our initial analysis included the predictors Congruence, Age
Group, Participant Sex, Target Gender, and Block. This revealed

TABLE 4 | Proportion of ‘yes’ responses by Age Group, Participant Sex
and Target Gender, incongruent pairs.

Female participants Male participants

Female
targets

Male
targets

Female
targets

Male
targets

Third grade 0.37 0.51 0.33 0.67

Fifth grade 0.61 0.68 0.63 0.76

Young adults 0.92 0.89 0.84 0.85

Older adults 0.65 0.77 0.67 0.82

a significant three-way interaction of Age Group, Participant
Sex, and Target Gender (χ2 = 22.25, df: 3, p < 0.0001),
significant two-way interactions of Participant Sex and Target
Gender (χ2 = 39.96, df: 1, p < 0.0001) and Age Group
and Congruence (χ2 = 9.72, df: 3, p < 0.05), and simple
effects of Block (χ2 = 19.87, df: 1, p < 0.0001), Congruence
(χ2 = 255.63, df: 1, p < 0.0001), and Age Group (χ2 = 51.62,
df: 3, p < 0.0001).

Figure 2 illustrates the three-way interaction between Age
Group, Participant Sex, and Target Gender – the different
age groups clearly show different effects of the interaction of
Participant Sex and Target Gender. The overall effect of Age
Group is also obvious in this figure. Figure 3 presents the
interaction of Age Group and Congruence and shows how the
Congruence effect differs in size but not in direction across
the groups. That is, all groups more readily accept stereotype-
matching pairs than incongruent pairs, with this effect stronger
for the children and smallest for the young adults. To explore
the two interaction effects involving Age Group, separate analyses
were carried out for each group.

For the young adults, the only significant effects were for Block
(χ2 = 24.20, df: 1, p < 0.0001) and Congruence (χ2 = 27.18,
df: 1, p < 0.0001). These young adults were faster in accepting
congruent pairs than in accepting incongruent pairs, and their
responses sped-up across the experiment. The older adult group
similarly demonstrated significant effects for Block (χ2 = 30.56,
df: 1, p< 0.0001) and Congruence (χ2 = 90.35, df: 1, p< 0.0001),
but also a significant interaction of Participant Sex and Target
Gender (χ2 = 10.90, df: 1, p < 0.001). This interaction arises
because the male participants responded more quickly to male
than to female targets, while the female participants showed no
difference (see Figure 2).

The older of the two groups of children showed a
significant interaction between Participant Sex and Target Gender
(χ2 = 18.29, df: 1, p < 0.0001) and a simple effect of
Congruence (χ2 = 114.44, df: 1, p < 0.0001), with no other
effects. The interaction of Participant Sex and Target Gender has
the same pattern as reported above for the older adults. The
third grade participants also showed this significant interaction
of Participant Sex and Target Gender (χ2 = 29.80, df: 1,
p < 0.0001), as well as simple effects of Block (χ2 = 4.25, df:
1, p < 0.05) and Congruence (χ2 = 65.54, df: 1, p < 0.0001).
The Block effect reflects a slowing-down as the experiment
progressed (see Footnote 1). As with the older adults and
fifth graders, the interaction of Participant Sex and Target
Gender arises because male participants responded faster to male
than to female targets, while females responded equally fast to
both.

‘No’ Responses
As noted above, the analysis of ‘no’ responses included only the
incongruent pairs. This analysis showed significant interactions
of Target Gender with Age Group (χ2 = 8.53, df: 3, p < 0.05)
and with Participant Sex (χ2 = 4.79, df: 3, p < 0.05), a
significant interaction of Age Group with Block (χ2 = 22.47,
df: 3, p < 0.0001), and an overall simple effect of Age Group
(χ2 = 11.25, df: 3, p < 0.01).
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FIGURE 2 | Response times for ‘yes’ responses by Age Group, Participant Sex, and Target Gender (mean and standard error).

FIGURE 3 | Response times for ‘yes’ responses by Age Group and Congruence (mean and standard error).

The interactions of Target Gender with Age Group and
Participant Sex are illustrated in the left and right panels of
Figure 4 respectively. In the left panel we see that the fifth
grade children gave faster ‘no’ responses to incongruent pairs
that involved a male target following a female prime, while
the adult groups and the third grade children showed no such
difference. This pattern was confirmed in further analyses for

each age group: the young and older adults and the third
graders showed no effect of Target Gender (all ps > 0.7),
whereas the difference was significant for the fifth graders
(χ2 = 4.17, df: 1, p < 0.05). The interaction of Target
Gender with Participant Sex shown in the right panel is one
of degree rather than of direction (contrast the interaction
effects for these variables in the analysis of ‘yes’ response
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FIGURE 4 | Response times for ‘no’ responses to incongruent items (mean and standard error). The left panel shows the interaction of Target Gender and
Age Group and the right panel shows the interaction of Target Gender and Participant Sex.

times) – both male and female participants gave faster ‘no’
responses to incongruent pairs involving a male target (following
a female prime), but this difference was larger for the male
participants.

Response Time Data: Summary
Overall, young adults responded fastest, followed by older
adults, fifth graders and lastly third graders. All groups were
faster in accepting congruent than incongruent pairs. The
groups differed from one another in the relative effects on
‘yes’ response times of the interaction of Participant Sex and
Target Gender. This interaction arose because while there was
little difference in the response times of female participants
that depended on the gender of the kinship term used as the
target noun, responses from male participants were faster to
male targets than to female targets (reflecting the increased
level of ‘yes’ responses after these targets noted above). This
difference was strongest for the third graders, followed by
the fifth graders and the older adults, but the effect was not
significant for the young adults. The interaction of Participant
Sex and Target Gender in the ‘no’ responses to incongruent
pairs shows a similar pattern, that is, a stronger difference
between responses to male and female targets from the male
participants.

Discussion

In a timed decision task, Italian third- and fifth-graders, young
adults, and older adults were required to decide as quickly as
possible if two auditorily presented words – a masculine or
feminine stereotypical word combined with either a male or a
female kinship term – could be used to describe the same person.
Participants across all age groups were significantly more likely to
respond ‘yes’ and to do so more rapidly when the kinship term

was preceded by a stereotypically congruent than incongruent
role noun. These results provide evidence that language users
of various ages – school-age children, young and older adults –
are biased by gender stereotypes when making judgments about
the likely identity of people fulfilling certain roles. In addition,
the higher processing cost of responding to incongruent pairings
of roles and kinship terms is reflected in the response time
differences – across all age groups – between incongruent and
congruent conditions.

Our results are in line with those of Oakhill et al. (2005), as well
as those of a range of studies using a variety of behavioral, eye-
tracking and ERP techniques, predominantly with young adults
(Carreiras et al., 1996; Garnham et al., 2002; Duffy and Keir,
2004; Cacciari and Padovani, 2007; Most et al., 2007; Kreiner
et al., 2008; Pyykkönen et al., 2010; Siyanova-Chanturia et al.,
2012). Importantly, our study extends the evidence-base for
automatic gender stereotype effects to children and older adults,
and highlights the contribution that on-line measures can make
to the assessment of gender stereotyping across ages. In contrast
to more traditional off-line measures, which have been widely
used in studies with children and older adults, on-line measures
are based largely on automatic processes that are believed to be
free of strategic responses.

In addition to finding a general effect of gender stereotypes
across ages, we also discovered a number of important differences
in the processing of stereotypical gender (in)congruencies in
children and adults. As noted in our introduction, Radvansky
et al. (2010) suggested that older adults might not show the
drop-off in stereotype flexibility (operationalised as an inability
to suppress gender stereotypes) that has been reported for racial
stereotypes. However, taking the proportion of ‘yes’ responses
to incongruent pairs as one measure and the speed with which
such ‘yes’ responses are made as another, we see that older
adults, like the two groups of children, show lowered levels
of stereotype flexibility, that is, of being able to identify that
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a stereotype can be wrong. In line with Devine (1989), von
Hippel et al. (2000) and Gonsalkorale et al. (2009), we take
our results to support the idea that older individuals are less
likely to suppress their prejudiced behavior and are less able
to regulate automatically activated associations when compared
to younger adults. Our results thus appear to go against those
reported in Radvansky et al. (2009) who found no reliable
differences between young and older adults’ ability to discount
gender stereotypical bias. It should be noted, however, that in
Radvansky et al. (2009), counter-stereotypic information was
explicitly provided to the participants, while in our study, no such
information was present.

Within our two groups of children, we find results that are
compatible with developmental stages of stereotype acquisition,
in particular, with an increase in stereotype flexibility between
the ages of 5 and 11 (Signorella et al., 1993; Trautner et al.,
2005; Banse et al., 2010). Our 8-year-olds were found to be
less flexible, less likely to press ‘yes’ following a stereotypically
incongruent word pair, and slower in doing so than our 10-
year-olds. The latter made ‘yes’ choices at a level comparable
to that of the older adults, although the children’s responses
were slower (as were their ‘yes’ responses to congruent
pairs).

Another interesting set of effects pertains to the gender
of the target (kinship) word. This is the asymmetry in the
processing of incongruent pairs, predominantly in the data
from our children and older adults, which favored the pairing
of female roles with male kinship terms. This asymmetry
is in the opposite direction to that predicted on the basis
of previous results with children (Wilbourn and Kee, 2010)
and young adults (Cacciari and Padovani, 2007; Siyanova-
Chanturia et al., 2012; Reali et al., 2014). Note, however,
that we further found that male targets in the congruent
condition also received more and faster ‘yes’ responses than
female targets for these groups. In other words, this asymmetry
affects more than just the processing of incongruent pairs. In
addition, we found participant sex differences in the decision
choice and response times of the same three groups across
both congruent and incongruent conditions, in interaction with
these target gender effects. First, we found larger differences
between the proportions of ‘yes’ responses to male and female
targets for the male children and older adults than for their
female counterparts, with the males providing fewer ‘yes’
responses than the females after female kinship terms, but
more ‘yes’ responses than the females after male kinship
terms. Second, these groups differed in how quickly female
and male participants pressed ‘yes’ following female and male
kinship terms. While female participants’ response times did not
differ with the gender of the kinship term, male participants’
responses to male targets were faster than to female targets.
In line with these findings, the analysis of the ‘no’ responses
to incongruent pairs further suggested a bigger difference in
responses to male and female targets for male than female
participants.

How can we explain such gender asymmetries? We interpret
the fact that male children and older adults responded more
quickly to male kinship items, and their tendency, when

compared to female participants, to prefer male kinship
terms, as a reflection of the use of the social category
“male” as the standard – or unmarked normative group –
against which other categories are judged. According to
social psychologists, one group (males) can become more
“normative” than another (females), being the unmarked
normative group (Hegarty and Pratto, 2001). For example,
Miller et al. (1991) showed that when asked to think of
a prototypical voter, most people think of a male voter
exemplar. Researchers have argued that such “androcentrism”
is common (Bem, 1993; Hegarty and Pratto, 2001), and
that attitudes, beliefs, and stereotypes are more influenced
by male exemplars than female ones (Eagly and Kite, 1987).
It seems that social “androcentrism” affects male and female
children and older adults differently, in that females, being
members of the marked normative group, may be more
sensitive and able to correct for the bias than males, being
members of the unmarked normative group. Interestingly,
no such effect was observed for our young adults, implying
that age plays an important role in one’s ability to correct
for the “unmarked group effect” and to inhibit stereotypical
representations.

In addition, the gender asymmetry reflected in interactions
of Target Gender and Participant Sex appears to be consistent
with the claim of Miller et al. (2009) that boys generally
have stronger stereotypical biases than girls, especially in the
domain of activities. According to Miller et al. (2009), girls tend
to confirm less strictly than boys to gender-role stereotypes.
Interestingly, Miller et al. (2009) also maintain that gender
stereotypes are differentially accessible when children think about
males and females. These authors, as well as others (Higgins
and King, 1981; Higgins, 1996), define accessibility as the
readiness with which a construct is retrieved from memory.
Our findings suggest that female children are equally fast to
access and accept male and female constructs (kinship terms),
while males more rapidly access male constructs than female
ones.

In summary, our findings support the view according to
which information about the stereotypical gender associated
with occupations is incorporated into the representation
of words denoting these occupations and is activated as
soon as such a word is encountered. Importantly, the
present study has gone beyond young adults to unveil the
mechanisms of on-line processing of gender stereotypical
information, as well as notable gender asymmetries
associated with such processing, in two under-researched
age groups – school-age children and cognitively preserved older
adults.
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