
Gender stereotypes about interests start early and
cause gender disparities in computer science and
engineering
Allison Mastera,b,1 , Andrew N. Meltzoffb,c , and Sapna Cheryanc

aPsychological, Health, and Learning Sciences, University of Houston, Houston, TX 77204; bInstitute for Learning & Brain Sciences, University of Washington,
Seattle, WA 98195; and cDepartment of Psychology, University of Washington, Seattle, WA 98195

Edited by Yarrow Dunham, Yale University, New Haven, CT, and accepted by the Editorial Board September 10, 2021 (received for reviewMarch 8, 2021)

Societal stereotypes depict girls as less interested than boys in
computer science and engineering. We demonstrate the existence
of these stereotypes among children and adolescents from first to
12th grade and their potential negative consequences for girls’ sub-
sequent participation in these fields. Studies 1 and 2 (n = 2,277; one
preregistered) reveal that children as young as age six (first grade)
and adolescents across multiple racial/ethnic and gender intersec-
tions (Black, Latinx, Asian, and White girls and boys) endorse ster-
eotypes that girls are less interested than boys in computer science
and engineering. The more that individual girls endorse gender-
interest stereotypes favoring boys in computer science and engi-
neering, the lower their own interest and sense of belonging in
these fields. These gender-interest stereotypes are endorsed even
more strongly than gender stereotypes about computer science
and engineering abilities. Studies 3 and 4 (n = 172; both preregis-
tered) experimentally demonstrate that 8- to 9-y-old girls are sig-
nificantly less interested in an activity marked with a gender
stereotype (“girls are less interested in this activity than boys”)
compared to an activity with no such stereotype (“girls and boys
are equally interested in this activity”). Taken together, both eco-
logically valid real-world studies (Studies 1 and 2) and controlled
preregistered laboratory experiments (Studies 3 and 4) reveal that
stereotypes that girls are less interested than boys in computer sci-
ence and engineering emerge early and may contribute to gender
disparities.
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Societal stereotypes, shared beliefs linking groups and traits,
have numerous negative consequences (1, 2). The preva-

lence of negative stereotypes about women’s and girls’ abilities
contributes to gender disparities in computer science and
engineering (3–8). Here, we investigate a different and conse-
quential pervasive stereotype: that women and girls have lower
interest in computer science and engineering. We define inter-
est stereotypes as beliefs that one social group has lower liking,
enjoyment, or predisposition to engage in a particular topic
than another group. Interest stereotypes may influence motiva-
tion by altering students’ perceptions of themselves, including
their sense of whether they would belong with others in that
field. The current studies make three primary contributions by
demonstrating 1) the existence of gender-interest stereotypes
favoring boys among young children and adolescents across
multiple racial/ethnic and gender intersections in the United
States, 2) that gender-interest stereotypes causally influence
subsequent academic motivation (e.g., children’s own interest
in pursuing, choice of, and sense of belonging in computer sci-
ence activities), and 3) that gender-interest stereotypes more
strongly predict academic motivation to pursue computer sci-
ence and engineering than the traditionally studied gender-
ability stereotypes. Four studies (n = 2,449, 3 preregistered)
combine cross-sectional surveys in schools across a wide range
of ages and racial/ethnic groups with controlled experiments in
the laboratory to investigate the presence, correlates, and causal

effects of gender-interest stereotypes on interest and participa-
tion in computer science and engineering activities and classes.

In the United States, the representation of women varies
widely across science, technology, engineering, and math
(STEM) fields. Computer science and engineering have among
the largest gender disparities in college, much larger than math-
ematics, biology, and chemistry (9–11). Gender disparities in
computer science and engineering contribute to many societal
inequities, including the existence of products and services that
overlook and sometimes selectively harm women and children
(12). Gender disparities in lucrative fields such as computer sci-
ence and engineering are also a significant source of the gender
wage gap (13). Society would benefit from more girls and
women pursuing these fields.

Current Studies
We combine large cross-sectional surveys (Studies 1 and 2,
Ns = 733 and 1,544) and controlled preregistered laboratory
experiments (Studies 3 and 4) to establish the existence of
gender-interest stereotypes and their causal influence on aca-
demic motivation and participation. In Studies 1 and 2, we find
that young children and adolescents endorse gender-interest
stereotypes. These stereotypes negatively predict girls’ interest
in pursuing computer science and engineering and sense of
belonging in these fields, even when controlling for effects of
gender stereotypes about ability. In Studies 3 and 4, we find
that girls are significantly less interested in an activity that is
marked (through random assignment) by a gender-interest ste-
reotype compared to an activity with no stereotype. We also
find that these gender-interest stereotypes favoring boys are
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Societal stereotypes that girls are less interested than boys
in computer science and engineering are endorsed by chil-
dren and adolescents in a large and socioeconomically
diverse sample, across multiple racial/ethnic and gender
intersections, and as early as age six (first grade). Gender-
interest stereotypes may contribute to subsequent gender
disparities in the pursuit of these societally important fields.
Addressing interest stereotypes may help improve educa-
tional equity.
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sometimes (but not always) positively related to boys’ interest
and sense of belonging.

This programmatic series of four studies advances theory by
demonstrating that gender-interest stereotypes 1) exist among a
racially and socioeconomically diverse group of children and
adolescents across multiple racial/ethnic and gender inter-
sections, 2) more strongly predict girls’ motivation to pursue
computer science and engineering courses than gender-ability
stereotypes, 3) cause girls to be less interested than boys in pur-
suing novel and computer science-related activities, and 4)
cause girls to have a lower sense of belonging which mediates
their lower interest in computer science activities. These studies
also have several methodological strengths: 1) mixed methods,
including large-scale surveys administered in schools and pre-
registered laboratory experiments, 2) a racially and socioeconom-
ically diverse US sample, 3) intersectional analyses (i.e., effects
broken down by race and gender), 4) self-report and behavioral
choice outcomes to measure interest and participation, and 5)
in-person and online video-conferencing procedures, similar to
how the majority of American children experienced learning sit-
uations during the COVID-19 pandemic (14).

Study 1: Survey
Rationale. Study 1 (n = 733) examined whether children in
grades 3 through 7 endorsed gender-interest stereotypes favoring
boys in computer science, how their endorsement of gender-
interest stereotypes compared to their endorsement of gender-
ability stereotypes, and how those stereotypes predicted children’s
interest and sense of belonging in pursuing computer science.
Most of the children in the study were White (72%), and most
children in these districts were from middle- and upper-class
households (Study 2 included a larger sample in a more racially
and economically diverse district).

Results.
Children endorsed gender-interest stereotypes favoring boys.
Children significantly endorsed gender-interest stereotypes
favoring boys in computer science, t(713) = 4.69, P < 0.001,
and d = 0.18 (Fig. 1 and SI Appendix, Table S1). More than
one-third (36%) of children believed that girls are less inter-
ested than boys in computer science compared to 18% of chil-
dren who believed that girls are more interested than boys
(refer to SI Appendix, Fig. S1 for distribution of responses).
Boys showed particularly strong endorsement (M = 0.39,

SD = 1.33), t(320) = 5.28, P < 0.001, and d = 0.29 and were sig-
nificantly more likely than girls (M = 0.09, SD = 1.34, t[371] =
1.32, P = 0.19, and d = 0.07) to endorse gender-interest stereo-
types, t(676.77) = 2.96, P = 0.003, and d = 0.23 (refer to SI
Appendix for an explanation for why girls may not have signifi-
cantly endorsed gender-interest stereotypes in this study). Chil-
dren endorsed gender-interest stereotypes in computer science
in third grade, P = 0.007, and d = 0.24 and at every grade level
thereafter through seventh grade with one exception (refer to
Fig. 2 for endorsement of stereotypes by grade).
Gender-interest stereotypes were correlated with interest in pur-
suing computer science differentially by gender. Children were
also asked about their own interest in pursuing computer sci-
ence. In line with prior research (15), girls reported significantly
lower interest in pursuing computer science than did boys,
t(669.62) = 2.63, P = 0.009, and d = 0.20. The more that indi-
vidual girls endorsed gender-interest stereotypes favoring boys
in computer science, the lower their own interest in pursuing
computer science, r(369) = �0.26 and P < 0.001 (SI Appendix,
Table S2). For boys, the more they endorsed gender-interest
stereotypes favoring boys in computer science, the greater their

Fig. 1. Studies 1 and 2: Gender-interest stereotypes by participant gen-
der. Girls’ (green bars) and boys’ (orange bars) gender-interest stereotypes
(range, �5 to 5). Error bars represent 61 SE.

Fig. 2. Studies 1 and 2: Gender-interest and gender-ability stereotypes by
grade and field. Endorsement of gender-interest (darker line) and gender-
ability (lighter line) stereotypes in computer science in Study 1 (A) and
Study 2 (B) and engineering in Study 2 (C) by grade level. Positive numbers
represent stereotype difference scores favoring boys, and negative num-
bers represent stereotype difference scores favoring girls (range �5 to 5).
Error bars represent 61 SE.
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own interest in pursuing computer science, r(315) = 0.16 and P
= 0.003.
Gender-interest stereotypes were endorsed more strongly and
were more predictive of girls’ interest than gender-ability stereo-
types. Children also reported how good girls (“How good are
most girls at computer science?”) and boys (“How good are
most boys at computer science?”) are at computer science.
Gender-interest and gender-ability stereotypes were distinct
but moderately correlated, r(701) = 0.48 and P < 0.001.
Gender-interest stereotypes were endorsed significantly more
strongly than gender-ability stereotypes, t(702) = 6.26, P <
0.001, and d = 0.24 (Fig. 2), which were not endorsed in this
study, P = 0.14 and d = �0.06. When including both stereo-
types simultaneously as predictors of girls’ own interest in
pursuing computer science, only gender-interest stereotypes
predicted girls’ own interest, P < 0.001 versus P = 0.75 (Fig. 3
and SI Appendix, Table S3), with a significant difference between
the two stereotypes, Z = 2.48 and P = 0.013. For boys, only
gender-ability stereotypes predicted boys’ own interest, P = 0.011
versus P = 0.12, with no significant difference between the two
stereotypes, Z = 0.55 and P = 0.58.
Sense of belonging mediated relation between gender-interest
stereotypes and girls’ lower interest in pursuing computer sci-
ence. Girls may reason that if their group is supposedly not
interested, then they are not likely to belong in the field (7, 16,
17). Not having a sense of belonging is a powerful deterrent for
students (18–21). We therefore also assessed children’s sense of
belonging in computer science classes and activities. For girls,
the relation between endorsement of gender-interest stereo-
types favoring boys and their own lower interest in pursuing
computer science was mediated by a lower sense of belonging
in computer science classes and activities, conditional indirect
effect = �0.14, 95% CI [�0.24, �0.03] (SI Appendix, Table S4).
The mediation was in the opposite direction for boys, as boys’
greater sense of belonging mediated the positive relation
between endorsement of gender-interest stereotypes favoring
boys and interest in pursuing computer science; conditional indi-
rect effect = 0.10, 95% CI [0.02, 0.18], and the overall index of
moderated mediation = �0.24, 95% CI [�0.37, �0.10] (SI
Appendix, Fig. S2). The stereotype that girls are less interested in
computer science may send girls a signal that they do not belong
and dissuade them from developing an interest in these fields
(while sending boys the opposite signal).

Study 2: Generalizability with a More Diverse Sample
Rationale. We conducted Study 2 (n = 1,544; preregistered; SI
Appendix) with students in grades 1 through 12 to replicate
Study 1 findings and generalize them to questions about engi-
neering among a larger and more racially/ethnically diverse
sample (37% White, 24% Latinx, 15% multiracial, 9% Asian,

8% Black, 1% Native American, 3% another racial group, and
3% no response) from a school district in which 43% of stu-
dents receive free/reduced-price lunch.

Results.
Students endorsed gender-interest stereotypes about computer
science and engineering across gender, racial/ethnic groups, and
their intersections. Students endorsed gender-interest stereotypes
favoring boys in computer science, t(1,531) = 17.16, P < 0.001,
and d = 0.44, and engineering, t(1,529) = 28.47, P < 0.001, and
d = 0.73 (Fig. 1 and SI Appendix, Fig. S1). More children
believed that girls are less interested than boys in computer sci-
ence (51%) and engineering (63%) compared to children who
believed that girls are more interested than boys in computer sci-
ence (14%) and engineering (9%). Both girl and boy participants
endorsed gender-interest stereotypes favoring boys in computer
science (girls: M = 0.52, SD = 1.53, t[741] = 9.34, P < 0.001, and
d = 0.34; boys: M = 0.82, SD = 1.50, t[744] = 14.95, P < 0.001,
and d = 0.55) and engineering (girls: M = 1.04, SD = 1.56,
t[741] = 18.22, P < 0.001, and d = 0.67; boys: M = 1.22, SD =
1.52, t[742] = 21.81, P < 0.001, and d = 0.80). Boys were signifi-
cantly more likely than girls to endorse gender-interest stereo-
types favoring boys in computer science, t(1,484.42) = 3.82, P <
0.001, and d = 0.20, and engineering, t(1,482.16) = 2.21, P = 0.
03, and d = 0.11 (SI Appendix, Table S1). Gender-interest stereo-
types favoring boys were endorsed by Black, Asian, Latinx, and
White girls and boys for both computer science and engineering,
all Ps < 0.03 (Table 1).
Gender-interest stereotypes in computer science and engineering
were present early and across ages. Children and adolescents in
every grade level endorsed gender-interest stereotypes favoring
boys in engineering, Ps < 0.001, including first grade, P < 0.001
and d = 0.71 (Fig. 2). Children and adolescents endorsed
gender-interest stereotypes in computer science starting in third
grade, P = 0.002 and d = 0.35, and in every grade level thereaf-
ter, Ps < 0.05 (Fig. 2). The inclusion of a larger range of higher
grades may have contributed to the apparent stronger endorse-
ment of gender-interest stereotypes in Study 2 compared to
Study 1.
Gender-interest stereotypes were correlated with girls’ lower
interest in pursuing computer science and engineering for girls
from multiple racial/ethnic groups. The more girls endorsed
gender-interest stereotypes favoring boys, the lower their own
interest in pursuing computer science, r(737) = �0.25 and P <
0.001, and engineering, r(736) = �0.32 and P < 0.001 (SI
Appendix, Table S5). Gender-interest stereotypes predicted
lower interest in pursuing computer science for Black, Asian,
Latina, and White girls, all rs < �0.20 and Ps < 0.004 (SI
Appendix, Table S6). Gender-interest stereotypes also predicted
lower interest in pursuing engineering for Black, Asian, and

Fig. 3. Studies 1 and 2: Regression coefficients of the relation between stereotypes and interest by gender. Girls’ (green bars) and boys’ (orange bars)
gender-interest (darker bars) and gender-ability (lighter bars) stereotypes in computer science and engineering and their own interest in pursuing com-
puter science and engineering. Regressions included both types of stereotypes as predictors. Error bars represent 61 SE. *P < 0.05 and **P < 0.01.
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White girls, rs < �0.29 and Ps < 0.02, but not Latina girls, P =
0.11. The more boys endorsed gender-interest stereotypes
favoring boys, the higher their own interest in pursuing com-
puter science, r(742) = 0.09 and P = 0.012, and engineering,
r(740) = 0.08 and P = 0.037 (refer to SI Appendix, Table S6 for
boys’ ethnicity/ethnicity). The relation between gender-interest
stereotypes favoring boys and own interest in pursuing com-
puter science was mediated by a lower sense of belonging in
computer science for girls, conditional indirect effect = �0.08,
95% CI [�0.13, �0.03], and by a greater sense of belonging for
boys, conditional indirect effect = 0.04, 95% CI [0.002, 0.08];
the overall index of moderated mediation = �0.12, 95% CI
[�0.18, �0.06] (SI Appendix, Table S4).
Gender-interest stereotypes were more strongly endorsed and
predicted girls’ interest more strongly than gender-ability stereo-
types. In Study 2, students endorsed gender-ability stereotypes
favoring boys in computer science, P < 0.001 and d = 0.29, and
engineering, P < 0.001 and d = 0.48 (SI Appendix, Table S1).
Supporting our preregistered hypotheses, gender-interest ster-
eotypes favoring boys were endorsed more strongly than
gender-ability stereotypes in computer science, t(1,526) = 5.44,
P < 0.001, and d = 0.14, and engineering, t(1,526) = 9.31, P <
0.001, and d = 0.24. Supporting our preregistered hypotheses,
when including both types of stereotypes simultaneously as pre-
dictors of girls’ own interest, gender-interest stereotypes were a
significantly larger predictor of interest than gender-ability ster-
eotypes in pursuing computer science, Z = 2.04 and P = 0.04,
and engineering, Z = 2.86 and P = 0.004 (Fig. 3 and SI
Appendix, Table S3). When including both types of stereotypes
simultaneously as predictors of boys’ interest, only gender-
interest stereotypes predicted boys’ interest in computer sci-
ence, P = 0.023, and neither predicted interest in engineering,
Ps > 0.13.

Study 3: Laboratory Experiment to Show Causal Consequences
on Girls’ Interest and Choices for a Novel Activity
Rationale. Studies 1 and 2 demonstrated a consistent relation
between gender-interest stereotypes and girls’ lower interest in
pursuing computer science and engineering. Yet it remains crit-
ical to demonstrate the direction of causality. Gender-interest
stereotypes favoring boys may cause girls to become less inter-
ested in pursuing these fields (16, 17). Alternatively, girls who
are less interested in these fields may use their own low interest
as the basis for endorsing stereotypes that other girls have low

interest as well (22). The value of the experimental approach
used in Studies 3 and 4 is that the manipulation of stereotypes
allows the inference that stereotypes can cause reductions in
girls’ interest in pursuing computer science and engineering
activities. In Study 3 (n = 50; preregistered), 8-y-old girls
learned about two novel activities with experimentally manipu-
lated descriptions, making this a within-subjects experiment.
The descriptions were identical, except that an interest stereo-
type that girls were less interested in the activity than boys was
either present (stereotyped) or absent (nonstereotyped). Using
this experimental design allowed us to isolate whether the
simple labeling of a novel activity as one that “girls are less
interested in than boys” had a causal effect on girls’ interest
compared to the absence of that stereotype. We also gave girls
the opportunity to choose one of the activities to take home to
work on as a behavioral measure of participation. The novelty
of the activities allowed us to ensure that girls had no existing
stereotypes or expectations about them.

Results.
Gender-interest stereotypes caused girls to have lower interest in
a novel activity. Supporting our preregistered hypothesis, girls
were significantly less interested in the stereotyped activity (in
which “girls are less interested than boys”) than the nonstereo-
typed activity (in which “girls and boys are equally interested”),
t(49) = 5.46, P < 0.001, and d = 1.10 (Fig. 4 and SI Appendix,
Table S7). Also supporting our preregistered hypothesis, in the
behavioral choice task, only 20% of girls chose to take home
the stereotyped activity and the rest (80%) chose the nonster-
eotyped activity, binomial proportion test, P < 0.001.

Study 4: Laboratory Experiment to Show Causal Consequences
on Gender Gaps in Computer Science
Rationale. Study 4 (n = 122; preregistered) replicated Study 3
and expanded it in two key ways. First, Study 4 examined
whether the presence of a gender-interest stereotype would
cause lower interest in a computer science activity among 8- to
9-y-old girls compared to the absence of a gender-interest ste-
reotype. Second, Study 4 participants included boys as well to
examine whether stereotypes can cause gender disparities in
children’s interest in a computer science activity. If gender gaps
are larger when gender-interest stereotypes are present than
when they are absent, this allows the inference that gender-
interest stereotypes may widen gender disparities.

Results.
Gender-interest stereotypes created a gender gap in interest in a
computer science activity. Supporting our preregistered hypothe-
sis, a 2 (presence of stereotype: stereotyped, nonstereotyped) × 2
(gender: girls, boys) ANOVA on interest revealed a significant
interaction, F(1,120) = 7.22, P = 0.008, and gp

2 = 0.06 (Fig. 4
and SI Appendix, Table S7). Supporting our preregistered hypoth-
esis, girls were significantly less interested in the stereotyped
activity than were boys, P = 0.002 and d = 0.57, and there was no
gender difference in interest in the nonstereotyped activity, P =
0.42 and d = 0.15. Also supporting our preregistered hypothesis,
girls were significantly less interested in the stereotyped than the
nonstereotyped activity, P < 0.001 and d = 0.69, and there was
no statistically significant difference between boys’ interest in the
stereotyped and the nonstereotyped activities, P = 0.99 and d =
0.002. Additionally supporting our preregistered hypothesis, girls
were significantly less likely to choose to take home the stereo-
typed activity (35%) than the nonstereotyped activity (65%),
binomial proportion test, P = 0.03. Boys were at chance (50%
chose stereotyped, 50% chose nonstereotyped), P = 1.00. This
gender difference in behavioral choice was in the predicted direc-
tion but did not reach significance as predicted by our preregis-
tration, χ2(1, n = 122) = 2.81 and P = 0.09. Girls’ lower interest

Table 1. Study 2 Means and SDs for Gender-Interest Stereo-
types by Race/Ethnicity

Girl participants Boy participants

(n = 579) (n = 601)

Field
Race/

Ethnicity N M SD N M SD

Computer science Black 52 0.60* 1.82 69 1.13*** 1.78
Asian 66 0.74*** 1.29 79 0.80*** 1.24
Latinx 190 0.56*** 1.27 166 0.73*** 1.41
White 269 0.51*** 1.53 281 0.88*** 1.52

Engineering Black 52 1.15*** 1.93 68 1.43*** 1.65
Asian 66 1.03*** 1.16 79 1.27*** 1.64
Latinx 190 1.16*** 1.52 166 1.17*** 1.41
White 269 0.95*** 1.44 281 1.24*** 1.54

Note: Stereotypes are difference scores between ratings about boys and
ratings about girls (range �5 to 5). Positive values correspond to
stereotypes favoring boys. N represents number. M represents mean.
Difference from scale midpoint (0): *P < 0.05 and ***P < 0.001.
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in the stereotyped versus nonstereotyped activity was mediated
by their lower sense of belonging, indirect effect = � 1.29, SE =
0.28, and 95% CI [�1.75, �0.64] (SI Appendix, Table S4). Belong-
ing did not mediate effects for boys, indirect effect = �0.09, SE
= 0.10, and 95% CI[�0.33, 0.08]. In sum, gender differences in
interest in a computer science activity were evident only when
the computer science activity was linked to a gender-interest ste-
reotype favoring boys and not when the gender-interest stereo-
type was not present.

General Discussion
These four studies show that stereotypes that girls have lower
interest in computer science and engineering than boys are
formed early and cause gender disparities in motivation for
computer science and novel activities. Studies 1 and 2 reveal
that these stereotypes are evident among young children (as
early as age six, first grade), across multiple ages from child-
hood through adolescence, and across intersections of racial/
ethnic identity and gender. Moreover, gender-interest stereo-
types favoring boys predict girls’ lower interest in pursuing
computer science and engineering classes across multiple inter-
sections of gender and racial/ethnic identity. Study 3 shows that
the presence of these gender-interest stereotypes causes girls to
have lower interest in a novel activity compared to when
gender-interest stereotypes are absent, demonstrating their
power beyond computer science and engineering. Study 4 dem-
onstrates that gender-interest stereotypes favoring boys cause
gender disparities in motivation for computer science activities
by reducing girls’ interest.

Gender-interest stereotypes show stronger links to girls’ inter-
est than gender-ability stereotypes. It is not the case that all nega-
tive stereotypes impact students’ interest equally—effects were
stronger for gender-interest stereotypes than gender-ability ster-
eotypes (SI Appendix, Study S1). These findings are consistent
with work showing that students’ academic choices are typically
driven more by their beliefs about their interest than beliefs
about their abilities (23, 24). Certainly, both stereotypes may be
linked to children’s own subsequent motivation (3), but children’s

gender-interest stereotypes may more strongly explain gender
gaps in participation than their gender-ability stereotypes.

Why are gender-interest stereotypes so powerful? Gender-
interest stereotypes predict and cause girls’ reduced sense of
belonging in computer science classes and activities. Sense of
belonging is a potent psychological motivator (25) and predicts
interest in computer science and engineering (18–21). Stereo-
types can indirectly shape students’ perceptions of whether they
would belong with others in that field (e.g., “my group is less
interested in this, so I would not belong, thus I’m less moti-
vated to pursue it”) (7). Gender-interest stereotypes may also
cause self-socialization or conformity-like effects, when a stu-
dent assumes that their interest will follow the interests of
others because “I am like them” (22, 26). Such effects could be
moderated by identification with the group or other beliefs that
disrupt the inferential link from group stereotypes to the self
(27). These findings illustrate sense of belonging as one poten-
tial causal mechanism (of possibly many).

Our studies reveal four important insights about boys’
gender-interest stereotypes. First, gender-interest stereotypes
favoring boys are more strongly endorsed by boys than girls.
Second, gender-interest stereotypes favoring boys in computer
science predict a stereotype-lift effect (28) on boys’ interest in
Studies 1 and 2, but this stereotype-lift effect is absent for engi-
neering in Study 2 and absent in Study 4. Third, a mega-
analysis across Studies 1 and 2 finds no significant differences
between girls and boys in how strongly gender-interest stereo-
types (coded as favoring their own gender) predict interest in
computer science (SI Appendix). Finally, an experimental study
investigating a gender-interest stereotype favoring girls reveals
that boys express less interest in an activity when that gender-
interest stereotype is present versus absent (SI Appendix, Study
S1). Boys’ academic motivation may be vulnerable to the same
processes to the extent that gender-interest stereotypes favoring
girls exist in other fields, such as language arts (29).

These studies also indicate the developmental trajectories
of both 1) the endorsement of gender-interest stereotypes and
2) links between stereotypes and motivation. First, children
endorse gender-interest stereotypes favoring boys about engi-
neering by first grade and about computer science by third
grade. Endorsement of stereotypes about computer science and
engineering generally remains strong through high school, with
some suggestion that endorsement of computer science stereo-
types increases among adolescents. This suggests that elemen-
tary school may be a particularly opportune time to introduce
computer science to young girls, before stereotype endorse-
ments firmly take root (7, 9, 15, 27). Second, girls’ endorsement
of these stereotypes is negatively correlated with their interest
in computer science by elementary (Study 1) or middle school
(Study 2) and with their interest in engineering by elementary
school (Study 2; SI Appendix, Tables S2 and S5). These links
between stereotypes and interest persist through high school.
We note that because these data are cross-sectional, it would be
desirable to conduct longitudinal studies to investigate how ste-
reotype endorsement and links to motivation change over time
within individual students. Overall, these findings suggest that
educators who wish to promote girls’ interest and engagement in
STEM should consider using programs and activities designed to
counteract these stereotypes (7) in their efforts to promote edu-
cational equity and draw more young girls to STEM.

Taking all four studies together, we can consider alternative
explanations for the overall patterns uncovered. One alternative
interpretation is that children’s beliefs reflect an observed real-
ity in the world rather than stereotypes (30). For instance, per-
haps children observe fewer girls in optional computer science
and engineering activities and infer that girls are less interested
in these fields. However, many gender stereotypes are derived
from people’s observed reality (31), and that does not make

Fig. 4. Studies 3 and 4: Interest by gender and presence of stereotype.
Interest in an activity that was randomly assigned through an experimen-
tal manipulation to be described with a gender-interest stereotype present
(darker bars) or absent (lighter bars) for girls (green bars) and boys (orange
bars) is shown. Error bars represent 61 SE. **P < 0.01 and ***P < 0.001.
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them any less potent or worthy of study. Moreover, we demon-
strate that these stereotypes influence future disparities in the
absence of observational experience or prior knowledge, as in
Study 3, in which children were randomly assigned to learn that
girls are less interested in a novel activity. Thus, gender-interest
stereotypes influence children’s interest even when invented.
Cues of gender-interest stereotypes by teachers, parents, or peers
may create new or widen existing gender gaps, even when the
stereotypes have no basis in reality. In addition, people may draw
on gender stereotypes to make discriminatory inferences about
individuals (e.g., denying opportunities to girls because of an
assumption they might not be interested when they actually are)
(32). (Refer to SI Appendix for empirical tests of other alternative
explanations, including whether overlap in wording or experimen-
tal demand/generalized negativity was driving results.)

The current studies documented short-term causal effects
for a single activity within a carefully controlled laboratory envi-
ronment; more work is now needed on how enduring such ster-
eotypes are, how long their effects on motivation last, and how
they contribute to the development of disparities in broader
career interests and decisions in more complex contexts. Future
work could examine stereotypes among students with different
levels of experience with and definitions of computer science
and engineering, with the aim of helping educators identify
effective language that can generate interest among their stu-
dents. Future work could also examine whether the norms
against expression of gender-interest stereotypes are weaker
than norms against expression of gender-ability stereotypes,
potentially making gender-interest stereotypes more likely to
spread and less likely to be counteracted. Finally, other mecha-
nisms should also be investigated as potentially responsible for
negative effects of gender-interest stereotypes, such as concerns
about who one’s peers in the field will be and how one will be
seen by others inside and outside the field (33).

Based on converging evidence from multiple methods,
including both ecologically valid real-world settings (Studies 1
and 2) and preregistered, controlled laboratory experiments
(Studies 3 and 4), we suggest that interest stereotypes involving
gender may predict and cause girls’ lower participation in com-
puter science and engineering classes and activities. These ster-
eotypes are endorsed by children in the United States from
diverse socioeconomic backgrounds, across multiple racial/eth-
nic and gender intersections, and by children as young as age
six. These stereotypes are also endorsed more strongly than
more commonly studied stereotypes that girls have lower abili-
ties than boys. Initial choices to forsake STEM may compound
over time and develop into larger disparities in course enroll-
ment, choice of major, and choice of career (34–36). Address-
ing these societal gender-interest stereotypes before they take
root in the minds of young children may help remedy dispar-
ities and improve educational equity.

Materials and Methods
The University of Washington Institutional Review Board approved all proce-
dures for Studies 1 through 4. All children and adolescents provided informed
assent before participating, and 18-y-olds in Study 2 provided informed con-
sent. Parents were sent opt-out information letters for Studies 1 and 2, signed
consent forms for Study 3, and provided verbal consent for Study 4 through
online video software. Data and codebooks for all studies are available (37).

Study 1. Study 1 investigated gender-interest stereotypes about computer sci-
ence among 733 children in grades 3 through 7 in four schools in two subur-
ban school districts in Rhode Island. All schools in Studies 1 and 2 had required
programs for all students to participate in computer science. Given work
showing greater gender disparities when formal STEM education is absent (9,
38), effects in schools that do not havemandatory computer science education
may be even greater than those observed in this sample of schools.

Gender-interest stereotypes favoring boys in computer science were
assessed by measuring beliefs about boys’ interest (“How much do most boys

like computer science?”) versus girls’ interest (“How much do most girls like
computer science?”) and creating a difference score (39, 40), with positive
scores indicating a belief that boys are more interested than girls. This type of
measure reduces participants’ attention to direct group comparisons and
allows participants to report no stereotypes by selecting the same response
when asked about boys and girls. The questions referred to computer science
using terminology (e.g., “coding”) developed in partnership with the school
district and familiar to students at each school.

Study 2. Students (N ¼ 1,544) in grades 1 through 12 in six schools in Rhode
Island participated during school on classroom computers. Student’s answered
questions about both computer science and engineering (counterbalanced).
The questions used terminology developed in partnership with the school dis-
trict (e.g., “computer coding” for computer science). Definitions of each were
also included in the survey (e.g., “computer codingmeans towrite instructions
for a computer, robot, tablet, or phone app” and “engineering means to
design and create large structures [such as roads and bridges] or new products
or systems using scientific methods”).

Study 3. A total of 50 8-y-old girls (68% White, 28% multiracial, and 4%
Asian) learned from a researcher about two novel activities that they could
do. Children participated in person in a laboratory. The descriptions of the
activities were identical, except a gender-interest stereotype was randomly
assigned to be present (stereotyped activity, “girls are much less interested in
this activity than boys”) or absent (nonstereotyped activity, “girls and boys are
equally interested in this activity”). Children learned about the two activities
(called “the triangle activity” and “the rectangle activity”) in counterbalanced
order. The activities were presented in orange folders with a triangle or rect-
angle shape on the cover and the label “Activity.” Whether the stereotyped
activity was presented first or second and whether it was called the triangle or
rectangle activity were randomly assigned and counterbalanced across partici-
pants. We controlled for a gender-ability stereotype (by stating that girls and
boys “do equally well on both of these activities”) to assess for unique effects
of the gender-interest stereotype and counterbalanced the order and labels
of the activities. Girls heard descriptions of both activities before reporting
their own interest in each using the following two questions (with variants
shown in brackets): “How much would you [not] like to do the [triangle/rect-
angle] activity?” on a scale from 1 (Really not like to) to 6 (Really like to) and
“How [interested are you/much are you not interested] in the [triangle/rectan-
gle] activity?” on a scale from 1 (Really not interested) to 6 (Really interested).
Finally, they were askedwhich activity they chose to take home. Consistent with
best practices for research with children, the question stems reminded partici-
pants of which randomly assigned description was attached to each activity:
“Which one would you like to take, the [triangle/rectangle] activity that girls
and boys are equally interested in or the [rectangle/triangle] activity that girls
are much less interested in than boys?” (refer to SI Appendix, Dataset S3
Codebook for exact item and response wording). Participants did not see the
contents of the activity folders until their study sessionwas complete. Both activ-
ity folders contained parallel age-appropriate genetics activities about monsters
or aliens adapted from a “Monster Genetics” activity by SSSTeaching. After-
ward, children were debriefed and informed that there were no gender differ-
ences for either activity. The rationale for the studywas explained to them.

Study 4. Participants were 122 children 8 to 9 y of age (49% girls, 51% boys;
75% White, 22% multiracial, 2% not reported, and 1% Asian) who learned
about two computer science activities (counterbalanced between computer
“reducing activity” versus computer “searching activity”). Children partici-
pated in the experimental procedures at home using Zoom or Google Meet
video software synchronously with a researcher. Activity descriptions were
identical except for the random assignment of a gender-interest stereotype
as present (stereotyped) or absent (nonstereotyped) using the procedure
described in Study 3. We again controlled gender-ability stereotypes. The
experimenter held up the two folders with labels that were clearly visible on
the screen. Both activities were presented in manila folders with the label
“Reducing Activity” or “Searching Activity.” Whether the stereotyped activity
was presented first or second and whether it was called the reducing or
searching activity were randomly assigned and counterbalanced across partici-
pants. Participants did not see folder contents until their study session was
complete. Folders contained age-appropriate computer science activities from
https://www.csunplugged.org that involved reducing the size of pictures or
binary searching. Afterward, children were extensively debriefed and the
rationale for the studywas explained to them (SI Appendix).

Data Availability. Anonymized data have been deposited in the Open Science
Framework (37) (https://osf.io/ve6n9). All study data are included in the article
and/or supporting information.

6 of 7 j PNAS Master et al.
https://doi.org/10.1073/pnas.2100030118 Gender stereotypes about interests start early and cause gender disparities

in computer science and engineering

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2100030118/-/DCSupplemental
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2100030118/-/DCSupplemental
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2100030118/-/DCSupplemental
https://www.csunplugged.org
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2100030118/-/DCSupplemental
https://osf.io/ve6n9


ACKNOWLEDGMENTS. We thank participating students and school staff; S.
Bakos, L. Banham, J. Birkenstock, C. Blondefield, V. Chavez, J. Chen, A. Cim-
pian, H. Clark, M. Dizon, K. Donohue, E. Farrante, B. Hanson, D. Harpel For-
sythe, D. Hathaway, P. Jones, C. Maddox, G. Mak, J. Mendoza, J. Nguyen,
L. Ramos, S. Rose, E. Sameth, C. Shieh, E. Stier, M. Tennison, H. Walsh, J.
Xie, and O. Yan; and members of the Stereotypes, Identity, and Belonging

Lab. This research was supported by the NSF (Grants 1849902 and
1919218), the Institute of Education Sciences, US Department of Education
(Grants R305A180167 to the University of Washington and R305A200520
to the University of Houston), and the Bezos Family Foundation. The opinions
expressed are those of the authors and do not represent views of the Institute
of Education Sciences, the USDepartment of Education, or other funders.

1. G. L. Cohen, J. Garcia, N. Apfel, A. Master, Reducing the racial achievement gap: A
social-psychological intervention. Science 313, 1307–1310 (2006).

2. C. M. Steele, S. J. Spencer, J. Aronson, Contending with group image: The psychology
of stereotype and social identity threat.Adv. Exp. Soc. Psychol. 34, 379–440 (2002).

3. L. Bian, S.-J. Leslie, A. Cimpian, Gender stereotypes about intellectual ability emerge
early and influence children’s interests. Science 355, 389–391 (2017).

4. S. Cheryan, A. Master, A. N. Meltzoff, Cultural stereotypes as gatekeepers: Increasing
girls’ interest in computer science and engineering by diversifying stereotypes. Front.
Psychol. 6, 49 (2015).

5. A. A. Farinde, C. W. Lewis, The underrepresentation of African American female stu-
dents in STEM fields: Implications for classroom teachers. US-China Edu. Rev. Bus. 4,
421–430 (2012).

6. S.-J. Leslie, A. Cimpian,M.Meyer, E. Freeland, Expectations of brilliance underlie gen-
der distributions across academic disciplines. Science 347, 262–265 (2015).

7. A. Master, A. N. Meltzoff, Cultural stereotypes and sense of belonging contribute to
gender gaps in STEM. Int. J. Gend. Sci. Technol. 12, 152–198 (2020).

8. S. J. Spencer, C. Logel, P. G. Davies, Stereotype threat. Annu. Rev. Psychol. 67,
415–437 (2016).

9. S. Cheryan, S. A. Ziegler, A. K.Montoya, L. Jiang,Why are some STEMfieldsmore gen-
der balanced than others? Psychol. Bull. 143, 1–35 (2017).

10. J. R. Cimpian, T. H. Kim, Z. T. McDermott, Understanding persistent gender gaps in
STEM. Science 368, 1317–1319 (2020).

11. NSF, “Women, minorities, and persons with disabilities in science and engineering.”
https://ncses.nsf.gov/pubs/nsf19304/data/. Accessed 4May 2021.

12. C. Criado Perez, Invisible Women: Data Bias in A World Designed for Men (Abrams
Press, 2019).

13. A. Levanon, P. England, P. Allison, Occupational feminization and pay: Assessing
causal dynamics using 1950-2000 U.S. census data. Soc. Forces 88, 865–891 (2009).

14. K. McElrath, “Schooling during the COVID-19 pandemic.” https://www.census.gov/
library/stories/2020/08/schooling-during-the-covid-19-pandemic.html. Accessed 9 July
2021.

15. A. Master, S. Cheryan, A. Moscatelli, A. N. Meltzoff, Programming experience pro-
motes higher STEM motivation among first-grade girls. J. Exp. Child Psychol. 160,
92–106 (2017).

16. L. S. Liben, R. S. Bigler, The developmental course of gender differentiation: Concep-
tualizing, measuring, and evaluating constructs and pathways. Monogr. Soc. Res.
Child Dev. 67, i–viii, 1–147, discussion 148–183 (2002).

17. C. L. Martin, L. Eisenbud, H. Rose, Children’s gender-based reasoning about toys.
Child Dev. 66, 1453–1471 (1995).

18. S. Cheryan, V. C. Plaut, P. G. Davies, C. M. Steele, Ambient belonging: How stereotypi-
cal cues impact gender participation in computer science. J. Pers. Soc. Psychol. 97,
1045–1060 (2009).

19. T. C. Dennehy, N. Dasgupta, Female peer mentors early in college increase women’s
positive academic experiences and retention in engineering. Proc. Natl. Acad. Sci.
U.S.A. 114, 5964–5969 (2017).

20. A. Master, S. Cheryan, A. N. Meltzoff, Computing whether she belongs: Stereotypes
undermine girls’ interest and sense of belonging in computer science. J. Educ. Psy-
chol. 108, 424–437 (2016).

21. G. M. Walton, G. L. Cohen, A question of belonging: Race, social fit, and achieve-
ment. J. Pers. Soc. Psychol. 92, 82–96 (2007).

22. D. D. Tobin et al., The intrapsychics of gender: A model of self-socialization. Psychol.
Rev. 117, 601–622 (2010).

23. M. T. Wang, Educational and career interests in math: A longitudinal examination of
the links between classroom environment, motivational beliefs, and interests. Dev.
Psychol. 48, 1643–1657 (2012).

24. C. Riegle-Crumb, B. King, E. Grodsky, C. Muller, The more things change, the more
they stay the same? Prior achievement fails to explain gender inequality in entry into
STEM collegemajors over time.Am. Educ. Res. J. 49, 1048–1073 (2012).

25. R. F. Baumeister, M. R. Leary, The need to belong: Desire for interpersonal
attachments as a fundamental human motivation. Psychol. Bull. 117, 497–529
(1995).

26. A. N. Meltzoff, “Origins of social cognition: Bidirectional self-other mapping and the
‘Like-Me’ hypothesis” in Navigating the Social World: What Infants, Children, and
Other Species Can Teach Us, M. R. Banaji, S. A. Gelman, Eds. (Oxford University Press,
2013), pp. 139–144.

27. A. Master, Gender stereotypes influence children’s science, technology, engineering,
andmathmotivation. Child Dev. Perspect. 15, 203–210 (2021).

28. S. E. Gaither, J. D. Remedios, J. R. Schultz, S. R. Sommers, PrimingWhite identity elicits
stereotype boost for biracial Black-White individuals. Gr. Proc. & Int. Rel. 18, 778–787
(2015).

29. H. A. Vuletich, B. Kurtz-Costes, E. Cooley, B. K. Payne, Math and language gender
stereotypes: Age and gender differences in implicit biases and explicit beliefs. PLoS
One 15, e0238230 (2020).

30. N. Ellemers, Gender stereotypes.Annu. Rev. Psychol. 69, 275–298 (2018).
31. A. M. Koenig, A. H. Eagly, Evidence for the social role theory of stereotype content:

Observations of groups’ roles shape stereotypes. J. Pers. Soc. Psychol. 107, 371–392
(2014).

32. S. T. Fiske, “Stereotyping, prejudice, and discrimination” in The Handbook of Social
Psychology, D. T. Gilbert, S. T. Fiske, G. Lindzey, Eds. (McGraw-Hill, ed. 4, 1998), pp.
357–411.

33. S. Cheryan et al., Double isolation: Identity expression threat predicts greater gender
disparities in computer science. Self. Ident. 19, 412–434 (2020).

34. S. J. Ceci, W. M. Williams, S. M. Barnett, Women’s underrepresentation in sci-
ence: Sociocultural and biological considerations. Psychol. Bull. 135, 218–261
(2009).

35. I. H. Settles, Women in STEM: Challenges and determinants of success and well-
being. Psychol. Sci. Agen. https://www.apa.org/science/about/psa/2014/10/women-
stem. Accessed 6 July 2021.

36. V. Valian,Why So Slow? The Advancement ofWomen (MIT Press, 1998).
37. A. Master, A. N. Meltzoff, S. Cheryan, Gender stereotypes about interests start early

and cause gender disparities in computer science and engineering. Open Science
Framework (2021). https://osf.io/ve6n9/. Deposited 25October 2021.

38. M. Federman, State graduation requirements, high school course taking, and choos-
ing a technical collegemajor. B.E. J. Econ. Anal. Policy 7, 4 (2007).

39. M. Burnett, B. Kurtz-Costes, H. A. Vuletich, S. J. Rowley, The development of
academic and nonacademic race stereotypes in African American adolescents. Dev.
Psychol. 56, 1750–1759 (2020).

40. D. Cvencek, M. Kapur, A. N. Meltzoff, Math achievement, stereotypes, and math
self-concepts among elementary-school students in Singapore. Learn. Instr. 39, 1–10
(2015).

PS
YC

H
O
LO

G
IC
A
L
A
N
D

CO
G
N
IT
IV
E
SC

IE
N
CE

S

Master et al.
Gender stereotypes about interests start early and cause gender disparities
in computer science and engineering

PNAS j 7 of 7
https://doi.org/10.1073/pnas.2100030118

https://ncses.nsf.gov/pubs/nsf19304/data/
https://www.census.gov/library/stories/2020/08/schooling-during-the-covid-19-pandemic.html
https://www.census.gov/library/stories/2020/08/schooling-during-the-covid-19-pandemic.html
https://www.apa.org/science/about/psa/2014/10/women-stem
https://www.apa.org/science/about/psa/2014/10/women-stem
https://osf.io/ve6n9/.&hx00A0;Deposited&hx00A0;25&hx00A0;October&hx00A0;2021

	TF1


<<
	/CompressObjects /Off
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 300
	/GrayImageResolution 300
	/DoThumbnails false
	/ColorConversionStrategy /LeaveColorUnchanged
	/GrayImageFilter /FlateEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /Warning
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects false
	/DownsampleMonoImages false
	/PassThroughJPEGImages true
	/ColorSettingsFile (Color Management Off)
	/AutoRotatePages /None
	/Optimize false
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /Warning
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues true
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 1000
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth 8
	/OtherNamespaces [
		<<
			/IncludeSlug false
			/CropImagesToFrames true
			/IncludeNonPrinting false
			/OmitPlacedBitmaps false
			/AsReaderSpreads false
			/Namespace [
				(Adobe)
				(InDesign)
				(4.0)
			]
			/FlattenerIgnoreSpreadOverrides false
			/OmitPlacedEPS false
			/OmitPlacedPDF false
			/SimulateOverprint /Legacy
			/IncludeGuidesGrids false
			/ErrorControl /WarnAndContinue
		>>
		<<
			/IncludeProfiles false
			/AddBleedMarks false
			/ConvertColors /ConvertToCMYK
			/IncludeLayers false
			/FormElements false
			/FlattenerPreset <<
				/PresetSelector /MediumResolution
			>>
			/IncludeInteractive false
			/AddColorBars false
			/DestinationProfileSelector /DocumentCMYK
			/MultimediaHandling /UseObjectSettings
			/UseDocumentBleed false
			/AddCropMarks false
			/PreserveEditing true
			/PDFXOutputIntentProfileSelector /DocumentCMYK
			/DestinationProfileName ()
			/UntaggedRGBHandling /UseDocumentProfile
			/GenerateStructure false
			/AddRegMarks false
			/Namespace [
				(Adobe)
				(CreativeSuite)
				(2.0)
			]
			/Downsample16BitImages true
			/IncludeHyperlinks false
			/IncludeBookmarks false
			/AddPageInfo false
			/UntaggedCMYKHandling /LeaveUntagged
		>>
	]
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 300
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages false
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages false
	/ASCII85EncodePages false
	/PreserveEPSInfo true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.3
	/MonoImageResolution 1200
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Error
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile (None)
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Average
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Average
	/EmitDSCWarnings true
	/Namespace [
		(Adobe)
		(Common)
		(1.0)
	]
	/AutoFilterColorImages false
	/DownsampleGrayImages false
	/GrayImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /Warning
	/ColorImageResolution 300
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/ColorImageDepth 8
	/DetectCurves 0.0
	/PDFXTrapped /False
	/ColorImageFilter /FlateEncode
	/TransferFunctionInfo /Remove
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage false
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Average
	/Description <<
		/ENU (DJS standard print-production joboptions; for use with Adobe Distiller v7.x; djs rev. 1.0)
		/PTB <>
		/FRA <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA <>
		/DAN <>
		/JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/ESP <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts false
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		792.0
		1224.0
	]
	/HWResolution [
		2400
		2400
	]
>>
setpagedevice


