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Fewer women than men pursue careers in science, technology, engineering and mathematics
(STEM), despite girls outperforming boys at school in the relevant subjects. According to the
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‘variability hypothesis’, this over-representation of males is driven by gender differences in
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of men who exceed the performance threshold. Here, we use recent meta-analytic advances to compare gender differences
in academic grades from over 1.6 million students. In line with previous studies we ﬁnd strong
evidence for lower variation among girls than boys, and of higher average grades for girls.
However, the gender differences in both mean and variance of grades are smaller in STEM
than non-STEM subjects, suggesting that greater variability is insufﬁcient to explain male
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Segregación ocupacional

Segregación ocupacional
• Si es niña, se graduará con aspiraciones con menor potencial económico1
• Escolarización clave en cuanto a aspiraciones2
• Auto-concepto muy inﬂuido por resultados escolares 3,4 à Los más exitosos
suelen escoger carreras STEM que (al menos en USA) están mejor pagadas5
• Las niñas sacan mejores puntuaciones pero eso no se traduce en más STEM6

1.
2.
3.
4.
5.
6.

Mandel, H. The role of occupaPonal aQributes in gender earnings inequality, 1970-2010. Soc. Sci. Res. 55, 122–138 (2016)
Holmes, K., Gore, J., Smith, M. & Lloyd, A. An integrated analysis of school students’ aspiraPons for stem careers: which student and school factors are most predicPve? Int. J. Sci. Math. Educ. 29, 1–21 (2017)
Möller, J., Pohlmann, B., Köller, O. & Marsh, H. W. A meta-analyPc path analysis of the internal/external frame of reference model of academic achievement and academic self-concept. Rev. Educ. Res. 79, 1129–1167
(2009).
Marsh, H. W., Trautwein, U., Lüdtke, O., Köller, O. & Baumert, J. Academic self-concept, interest, grades, and standardized test scores: reciprocal eﬀects models of causal ordering. Child Dev. 76, 397–416 (2005)
5. French, M. T., Homer, J. F., Popovici, I. & Robins, P. K. What you do in high school maQers: high school GPA, educaPonal aQainment, and labor market earnings as a young adult. East. Econ. J. 41, 370–386 (2015).
6. Voyer, D. & Voyer, S. D. Gender diﬀerences in scholasPc achievement: a meta-analysis. Psychol. Bull. 140, 1174–1204 (2014).

Hipótesis de la variabilidad
• Hay más variabilidad en rasgos psicológicos entre los hombres
• “Aunque en término medio sean más tontos que las mujeres, hay más
tontos muy tontos y más genios entre hombres que entre mujeres”
• No obstante, el gap de género en determinadas profesiones (p.ej. que
requieren muchas mates) es >> respecto al % de mujeres con notas en
el p99.
1.
2.
3.
4.
5.

Shields, S. A. The variability hypothesis: the history of a biological model of sex. Signs 7, 1–30 (1982).
Johnson, W., Carothers, A. & Deary, I. J. Sex differences in variability in general intelligence: a new look at the old question. Perspect. Psychol. Sci. 3, 518–531 (2008).
9. Reinhold, K. & Engqvist, L. The variability is in the sex chromosomes. Evolution 67, 3662–3668 (2013).
Halpern, D. F. et al. The science of sex differences in science and mathematics. Psycho. Sci. Public Interest 8, 1–51 (2007).
Wang, M. T. & Degol, J. L. Gender gap in science, technology, engineering, and mathematics (stem): current knowledge, implications for practice, policy, and future directions. Educ. Psychol.
Rev. 29, 119–140 (2017).
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On average girls grades better,
Girls grades more consistent,
Fewer top scoring girls

c
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On average girls grades much better,
Girls grades similarly variable,
More top scoring girls

- Girls
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On average girls grades slightly better,
Girls grades much more consistent,
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Fig. 1 Predicted distributions of school grades of girls (red) and boys (blue). a The grade distribution overlaps represent the prediction that, when all grades
are considered, girls on average earn higher grades and are less variable than boys, although there are more highly performing boys than girls at the upper
end of the achievement distribution. b In non-STEM subjects, the difference in mean grades between girls and boys may be even more pronounced in
favour of girls, which, coupled with similar variability, should result in many more highly performing girls than boys at the upper end of the achievement
distribution. c In contrast, for STEM grades, we expected less difference between boys and girls mean grades and more grade variability for boys, resulting
in boys dominating at both the top and bottom of the achievement distribution

of who applies for (and is then accepted at) a university. This
selection process makes undergraduates and postgraduates
unrepresentative of the general population. The results from
analyses for the whole dataset and for the university subset are
provided in Supplementary Tables 2–10, 12, and 15–25 (the
university subset also had small sample sizes for STEM and non-

gender similarity in variability in STEM was due to girls’ grades
being signiﬁcantly more variable in STEM than non-STEM
subjects (Fig. 2c, Supplementary Table 10, lnCVgirls STEM–non-STEM
diff: −0.101, CI: −0.170 to −0.033). In contrast, the variability of
boys’ grades did not differ signiﬁcantly between STEM and nonSTEM subjects (Fig. 2c, Supplementary Table 10, lnCVboys

Annu. Rev. Psychol. 2016.67:415-437. Downloaded from www.annualreviews.or
Access provided by Iowa State University on 01/13/19. For personal use only.

Math test and 17% to 41% of the gap between non-Asian minorities and Whites on the SAT.
Effects are not limited to performance, however. Stereotype threat can also lead to belonging
uncertainty and withdrawal from the negatively stereotyped domain, and it may have long-term
consequences for well-being.
Social psychological interventions can be effective at reducing the negative effects of stereotype
threat. They may do so by guiding targets to reconstrue threatening situations as nonthreatening,
providing targets with a way to cope with the threat, or ideally by changing the environment to
reduce the threat itself. We recommend expanding the most effective interventions into large-scale
representative clinical trials, from which policy recommendations can be made. In the meantime,
we recommend organizations adopt a policy of affirmative meritocracy, in which they first create
an identity-safe environment and then take performance decrements due to psychological threat
into account when making selection and admission decisions.

Amenaza de estereotipo

(“las mujeres están menos interesadas en liderar”)
SUMMARY POINTS
1. Stereotype threat describes the experience of being in a situation in which there is a
negative stereotype targeting an individual’s group, and the individual is concerned about
being judged or treated negatively based on that stereotype.
2. The extra pressure to avoid confirming a negative stereotype has been shown to undermine performance in stereotype-targeted domains.
3. Stereotype threat helps explain the underperformance effect—the finding that minority
students and women in mathematics, in comparison with their nonstereotyped counterparts, tend to receive lower grades than their SAT scores would predict.
4. Stereotype threat undermines performance through multiple mechanisms.
5. Beyond performance decrements, stereotype threat can also lead to belonging uncertainty
and withdrawal from the negatively stereotyped domain, and it may have long-term
consequences for well-being.
6. Social psychological interventions can be effective at reducing the negative effects of
stereotype threat.
7. Interventions that lower stereotype threat can lead to improved performance by members
of stereotyped groups.

www.annualreviews.org • Stereotype Threat
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Backlash
Si una mujer decide liderar:
“Caray, que mujer más
mandona! Menuda bruja!”
“Las jefas mujeres son más
agresivas que los hombres”

Una buena estudiante
Percepción de que entre los
estudiantes mejores que ella en
STEM, hay una proporción
mayor de hombres que en otras
materias

Rehúye STEM

Amenaza de
estereotipo

Backlash
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Papers up until
August 2011

Papers published
2011 - May 2015

Voyer & Voyer 2014
meta-analysis

Search: “school grade*’’ OR “school
achievement*” OR “school mark*’’ OR
“grade point average’’

Records identified through
database screening

• Notas puestas por profesores/as en
cohortes con estudiantes de ambos sexos
• Des de 1º de primària hasta entrar en la
universidad
• Exclosos
• parvulario
• Sexo único
• Auto-reportado
• Cursos online
• Estudios retrospec=vos en adultos

Web of
science

Scopus

ERIC

1992

2183

1089

Records after duplicates
removed

3145

Records screened
(title + abstract + keywords)

3060

Records screened for grades
data

1317

Full-text articles assessed for
eligibility

309

Eligible studies

149 Studies:
171 Cohorts:
239 Effect sizes

Final full dataset

1743 Excluded

127

159 Excluded
Reasons:
Missing descriptive statistics (134)
PDF unavailable (13)
Study not in English (5)
Standardised grades (6)
Not the same cohort (1)
Test scores (1)

Additional data
acquired from
authors

55 Excluded
Reasons:
Missing descriptive statistics
(19)
Self-reported grades (19)
Replicate data (7)
Not the same cohort (6)
Study not in English (2)
Test scores (2)

72 Studies:
91 Cohorts:
101 Effect sizes

7 Studies:
6 Cohorts:
240 Effect sizes

228 Studies:
268 Cohorts:
347 Effect sizes

Fig. 4 PRISMA diagram showing the process of locating studies included in this meta-analysis. The full list of included studies, and the list of studies
excluded at the stage of full-text screening, are available in Supplementary Data 1 and 2

Eligibility criteria. To be included for data extraction at the full-text screening
phase, studies needed to present teacher-assigned grades or global GPA (grade
point average, i.e. grades averaged across many subjects) for a cohort containing
both male and female students. The students could be from grade one and above.
These criteria excluded kindergarten and single-sex studies, and self-reported

When we identiﬁed studies that reported data from the same large database, we
only included the study with the largest sample size, and excluded the rest to avoid
pseudo-replication. The list of excluded studies, with reasons for exclusion, is
presented in Supplementary Data 2.
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standardised mean difference in performance (SMD or Hedges g ; see
Supplementary Equations 1–4). We chose to use lnRR because, unlike SMD, it is
unaffected by differences in variance (standard deviation) between groups.
However, for comparison with Voyer’s6 results, we have repeated the lnRR analyses
using SMD as the effect size. The results for both lnRR and SMD analyses—which
are very similar to each other—are presented in the Supplementary Figure 4, and
Supplementary Tables 2–4, 6, 8, 12, 13, 16, 19, 22, 25.
To assess differences in variance of grades of boys and girls, we used the natural
logarithm coefﬁcient of variation ratio (lnCVR) and its associated sampling error
variance s2lnCVR 35.
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All notation as described above. For the same mean, a more negative value of
lnCV implies a smaller variance.
Unlike standardized mean difference (SMD) in performance, lnRR is unaffected by differences in variance (standard deviation) between groups

Statistical analyses. We performed our main analyses on lnCVR and lnRR, and
their associated error terms, using the rma.mv function in the R (v.3.4.2) package
48

a

Non−STEM
STEM

b

–0.25

−0.20

−0.15

−0.10

−0.05

0.00

0.05

Variación en notas a lo largo del 0empo

lnCVR

Girls more consistent grades than boys

c

Grade variabilities (lnCV) for each gender

*

Overall
Non−STEM

*

STEM

*
−2.0

–1.8

−1.6

–1.4

–1.2

–1.0
lnCV

More consistent grades

Fig. 2 Main meta-analytic results. Results of analyses on a ratios of the
grade means, b ratios of grade variabilities, and c coefﬁcients of variations
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subjects (Fig. 2c, Supplementary Table 10, lnCVgirls STEM–non-STEM
diff: −0.101, CI: −0.170 to −0.033). In contrast, the variability of
boys’ grades did not differ signiﬁcantly between STEM and nonSTEM subjects (Fig. 2c, Supplementary Table 10, lnCVboys
STEM–non-STEM diff: −0.030, CI: −0.102 to 0.042).
The small values of all meta-analytic estimates of
gender differences in means and variances imply a large
overlap in the grade distributions between the two sexes.
The simulated distributions of girls’ and boys’ grades in Fig. 3
show the distributions of grades overlap more in STEM
(94.2%) than non-STEM (88.2%) subjects. For example, within
the top 10% of the distribution the gender ratio is even for
STEM, and slightly female-skewed for non-STEM. Results of
additional analyses are presented in Supplementary
Tables 13–25.
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Supplementary
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students aged (Supplementary Table 7, Supplementary Fig. 9G:

Non-STEM

lnCVstudent age boys–girls (slope): 0.010, CI: −0.067 to 0.087), and to
decrease faster for boys than girls (Supplementary Table 7, Supplementary Fig. 9G: lnCVstudent age boys−girls (slope diff): −0.035, CI: −0.062
to −0.007).

Discussion
Our overall
result was consistent with elements of the variability
STEM
hypothesis: female students’ grades were
less variable
those
Moderating
effects ofthan
subject
type: STEM versus non-STEM.
of male students, but in contrast to
expectations,
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female grades were also higher than males, corroborating the
ﬁndings of Voyer and Voyer6 (Fig. 2). Gender differences in grade
variability of school pupils was unaffected by their age, weakly
affected by the year of study, and most strongly affected by
whether or not the subject was STEM.
From grade one onward, we found that girls’ grades were less
variable than those of boys. Across the last 80 years, the variability
in school grades has slightly decreased for both boys and girls
(albeit slightly faster for girls). This decline might reﬂect
increased student performance36, or greater reluctance to fail
students, i.e. grade inﬂation37. These scenarios assume that there
is a ceiling effect on grades, whereby variance is reduced because
weaker students are shifted upwards, whereas the highest performing students are bumped up against the ‘ceiling’ of the
highest possible grade awarded on the grading scale. Although we
do not see strong evidence for a ceiling effect in our dataset
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Conclusión
• Los resultados apoyan la ‘hipótesis de la variabilidad’, pero sólo
parcialmente:
• Las notas de las chicas son menos variables que las de los chicos, pero,
sorprendentemente, sobretodo en no-STEM.
• La magnitud del “gender GAP” es muy pequeña y sólo se inclina hacia a los
chicos en percentiles muy altos (>10% para STEM, >1% para no-STEM)

• Cuando una chica se gradúa tiene esencialmente las mismas notas
(aptitudes) que un chico para seguir carreras STEM

Discusión: ¿Por qué no elige STEM?
• Percibe menos competidores en no-STEM
• Estereotipos propios y sociales
• Riesgo de estereotipo
• Efecto Backlash si se ataca el estereotipo
“if they conform to gender stereotypes, they might be perceived as less competent, but if
they defy gender stereotypes and perform ‘like a man’, then their progress can be halted by
‘backlash’ from both men and women”
1.
2.
3.
4.
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Una buena estudiante
Percepción de que entre los
estudiantes mejores que ella en
STEM, hay una proporción
mayor de hombres que en otras
materias

Rehúye STEM

Amenaza de
estereo>po

Backlash

Gràcies!

