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e argue that the Anna 
Karenina principle is 
a useful metaphor 
that captures the rea-
sons behind the gen-

der disparity in the fields of science, 
technology, engineering, and math 
(STEM). Inspired by a passage from 
Leo Tolstoy stating that “all happy 
families look alike, each unhappy 
family is unhappy in its own way,” the 
Anna Karenina principle describes 
the observation that in many com-
plex systems the best way to look 
at reasons behind some effect is to 
look at the many necessary condi-
tions that need to be fulfilled, rather 
than look for a single, direct cause. 
Playing a gender role in a society is 
engagement in a complex system 
and the list of necessary conditions 
for success in STEM is arguably lon-
ger for girls than for boys. In the cur-
rent article we do not aim to make a 
comprehensive review of all of them, 
rather we wished to propose a snap-
shot of the matter.

STEM became a popular acronym 
in the early years of the twenty-first 
century. It originated from the field of 
education and describes mathemat-
ics, science, engineering, and other 
technology-related subjects [10]. The 
question of what constitutes a STEM 
subject or STEM-related work might 
seem unambiguous, but in fact it’s 
not. Is a social scientist, healthcare 
professional, or an architect a STEM-
related job or not? Deciding on this 
question markedly changes how 

one evaluates the current state and 
growth prospects of STEM jobs [16]. 
Importantly for the current article, the 
adopted definition of STEM changes 
the answer to this question: if we 
know that somebody is a female, 
does this change the probability of 
that person’s preference for working 
in a STEM-related field? If by STEM 
we understand mostly mechanics, 
electronics, and engineering then the 
answer is: it is a rather safe bet that 
she is not interested. Data suggests 
that there is about a 76% chance that 
a randomly picked male will have a 
higher interest in those fields then a 
randomly picked female [18]. Putting 
it differently, 84% of males declare 
higher interest in those fields than the 
average female. On the other hand, if 
we look at physical sciences, natural 
sciences, mathematics, and comput-
er science then the gamble becomes 
risky. We drop to a 61% chance of 
correctly guessing that an unknown 
person will show higher interest in 
those fields just because we find out 
they are a male. When we turn to 
fields such as biological or medical 

sciences then the choice becomes 
a true Casino Royale, with a 50/50 
chance of guessing who has higher 
interests on the sole basis of gender. 
Furthermore when we look at social 
sciences and medical services, then 
the odds turn around. Now there is a 
61% chance that a randomly picked 
female will show higher interest 
than a randomly picked male.
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There is a large heterogeneity 
of gender related interests in fields 
we might call “STEM.” The more we 
move from a narrow understanding 
of STEM as “technology/electronics” 
to a general “science education,” 
the less our probability estimates 
should be biased by knowledge of 
somebody’s gender. There are some 
important conclusions. First, our 
assessment of probability of a female 
achieving success in STEM should be 
partly dependent on the definition of 
STEM itself. Is a successful female 
psychologist, a success story in STEM 
or not? If not, why?

Second, gender differences in 
interest are not that large, and even 
in fields such as mechanics or engi-
neering there is a number of highly 
interested females, who will most 
likely be working there as a minority 
(see Figure 1). We will elaborate on 
this point in a moment.

Third, gender differences in inter-
est do not correspond to a differ-
ence in a subjects’ complexity or its 
quantitative analytical requirements, 
but rather with its expected contents, 
especially a “people vs things” ori-
entation [9, 18]. Large meta-analysis 
of studies on performance in math-
ematics supports the conclusion that 
there are no gender differences in 
this regard [8], and data from Finland 
on curiosity in school children shows 
that most questions about liking 
complex problems, hunger for knowl-
edge, enjoyment of hands-on explora-
tion, preference for solving problems 
on your own, or liking strange and 
puzzling objects are gender neutral 
[2]. Same research shows however, 
that some curiosity items, such as 
“do you like taking objects apart” or 
“understanding how machines work,” 
do show a male-bias.

We cite data on gender-related 
interests in children from Finland, 
because it is a relatively gender-
equal county. One might suppose 
that in such countries, there will be 

a low gender difference in engage-
ment with STEM subjects. Surpris-
ingly it is the opposite. It turns out, 
that if we look globally, the higher the 
national gender equality, the higher 
the STEM graduation gap will be [17]. 
It seems that gender inequality is 
related to increased life-quality pres-
sures. The higher the life-pressures, 
the less important are individual 
preferences and perception of one’s 
personal strengths in career choice. 
In gender-equal countries girls are 
slightly less interested in “under-
standing how machines work” and 
this influences their subsequent 
educational and career choices.

Judgment of one’s personal 
strengths also matters. It turns out 
that while girls perform in school as 
well or even better than boys in sci-
ence, they perform even better in 
reading comprehension and writing 
[13]. Therefore, what matters most as 
far as perception of one’s strengths 
is concerned is relative comparison 
rather than absolute performance. 
Data shows that even when boys 
overestimate their competence in sci-
ence subjects and do not show better 
results than females in those sub-
jects, they see it — relatively to other 
subjects — as their personal strength 
[17]. Girls, on the other hand, tend to 
see skills related to human commu-
nication, such as reading comprehen-
sion and writing, as their personal 
strengths, even if they perform well 
in science subjects. Occupational 
choice depends more on a relative 
advantage than absolute ability [19], 
which is an important element of the 
expectancy-value theory [7, 20].

This provides an interesting twist 
to the “leaking pipeline” metaphor. 
The pipeline can simply be aban-
doned, when one sees one’s strengths 
in communication, teaching, men-
toring, teamwork, and collaborative 
problem solving, and does not per-
ceive (rightly or not) STEM occupa-
tions as highly dependent on those 

skills. The degree to which mechan-
ics, electronics, and engineering will 
be seen as areas in which those com-
petencies are an advantage, should 
relate to the number of females 
involved, via their assessments of a 
match in personal strengths.

Now we will return to a slightly 
more complicated issue that we 
mentioned previously. Despite cur-
rent gender differences in interest, 
there are a large number of females 
who already are interested in fields 
such as engineering, computer sci-
ence, natural sciences, or math-
ematics and consider engagement 
in those occupations, but will most 
likely be working there as a minority. 
There are possibly several psycho-
logical factors that make this more 
difficult than it could be.

The expectancy-value theory 
suggests that the amount of effort 
that you put into problem solving 
is based on a general prediction 
about the future: is it worth it? This 
depends on whether you think you 
will succeed and whether it will be 
a worthwhile effort. Subjective task 
value consists of four aspects: enjoy-
ment one gets from doing a given 
task, whether a task can be useful 
to an individual, it’s importance for 
one’s identity, and predicted cost, 
such as time, loss of valued alterna-
tives, stress, etc.

Many success expectancies are 
socially constructed. Parents declare 
expectations as to appropriate 
achievement choices and parents’ 
gender stereotypes may directly 
impact perceptions of their own kids’ 
abilities, with a preference and more 
positive evaluation of gender stereo-
typical behaviors and skills exhib-
ited by children. Those perceptions 
may, in turn, affect children’s beliefs, 
choices, performance, and self-
perceptions of their own abilities in 
gender-typed domains all throughout 
adolescence and young adulthood. 
This can happen through provision 
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of opportunities and encouragement 
of behaviors and choices consis-
tent with stereotypes. Research has 
found that parents generally endorse 
the cultural stereotype that high 
achievement in math is more “natu-
ral” for boys than for girls [6]. Chhin 
and colleagues [3] report that paren-
tal expectations have a long-term 
impact on the constraints of their 
children’s occupational choices. Chil-
dren as young as 6 years old show 
beliefs that high-level intellectual 
“brilliance” is more typical of boys 
than girls, whereas being “nice” the 
opposite [1]. Helen Watt’s research 
among Australian adolescents [21] 

confirms the importance of higher 
intrinsic values and self-perceptions 
of mathematical talent and success 
expectancies in subsequent selec-
tion of higher math courses. Girls 
rated those aspects significantly 
lower than boys did, despite compa-
rable levels of actual prior mathemat-
ical achievement, while there were 
no general differences on math util-
ity value. Girls’ perceptions of math 
as difficult impacted on their level 
of participation in more advanced 
math courses.

There are also social expecta-
tions regarding what is a good life. 
Role congruity theory postulates 

that an individual will be positively 
evaluated when their characteristics 
match with their group’s stereotype 
or typical social roles, while an incon-
gruity may lead to less positive evalu-
ations [4, 5]. Double blind is a term 
that describes a situation when a 
person struggles to meet two contra-
dictory demands, in which fulfilling 
one means a failure in the other, as 
those are mutually exclusive. Women 
in various traditionally male profes-
sional roles may experience a gen-
der specific double blind. Two types 
of bias may occur here, descriptive: 
a stereotype of women as having 
less of a given “masculine” ability or 
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FIGURE 1. Approximate gender differences in interest in mechanics, electronics and engineering (top) and physical sciences, natural 
sciences, mathematics, and computer science (bottom). Based on data from Su and Rounds [18], visualization of effect sizes from work 
by Kristoffer Magnusson.



15M A R C H  2 0 2 0    ∕      IEEE TECHNOLOGY AND SOCIETY MAGAZINE

potential; and prescriptive: related to 
women who violate the rules for how 
men and women “should” behave. 
The prescriptive nature of gender 
stereotypes may result in nega-
tive reactions to females exhibiting 
“masculine” traits such as authority 
or agency. The sheer awareness of 
the risk of being subject to various 
social and economic reprisals as a 
result of not fulfilling a gender ste-
reotype or norm is known as fear 
of backlash [11], [15]. This may be 
seen as one of the forces that keeps 
women out of so-called “masculine” 
domains, where they are bound to 
face the gender double blind. Rud-
man and Fairchild [14] demonstrat-
ed in their experiments that when 
negative reactions to stereotype 
violation were likely, both genders 
decided to show greater gender 
conformity, even if they were aware 
of the fact this maintains stereo-
types in their perceivers.

In conclusion, if our goal is such 
that the assessment of the probabil-
ity of a person’s success in STEM 
should not be contingent on know-
ing her or his gender, then we need 
to deal with multiple issues. Some 
of them relate to how we define 
the STEM field itself, others relate 
to personal interests, relative judg-
ments of individual talent, and suc-
cess expectancies. Those success 
expectancies and value judgments 
are socially constructed forecasts — 
predictions about possible enjoy-
ment, usefulness, importance for 
identity, and cost. The issue is that 
there is a general lack of ability in 
terms of such forecasting. People 
greatly underestimate the degree of 
change that they might experience 
in the upcoming decade of their 
lives. Quoidbach et al. [12] call it the 
“end of history” illusion. They have 
found that both young and older 
people believe that they might have 
changed a lot in the past, but that 

they will not change much in the 
future. We all seem to assume that 
we are “now” the person we “will be” 
for the rest of our lives, but this is an 
illusion. The future in complex, non-
linear systems, with multiple compli-
cated interactions, is uncertain with 
the possibility of small causes hav-
ing large effects.
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Katarzyna Potęga vel Z·abik is with 
the SWPS University of Social Sci-
ences and Humanities, Warsaw, 
Poland; the Copernicus Science 
Center, Warsaw, Poland, and the Pol-
ish-Japanese Academy of Informa-
tion Technology, Warsaw, Poland.

References
[1] Bian, L., Leslie, S.-J., & Cimpian, A. (2017). 
Gender stereotypes about intellectual ability 
emerge early and influence children’s interests. 
Science, 355(6323), 389–391.
[2] Byman, R. (2016). The development of a gen-
der-free curiosity inventory. Personality and 
Individual Differences, 101, 177–184.
[3] Chhin, C. S., Bleeker, M. M., & Jacobs, J. 
E. (2008). Gender-typed occupational choices: 
The long-term impact of parents’ beliefs and 
expectations. In H. M. G. Watt & J. S. Eccles 
(Ed.), Gender and occupational outcomes: 
Longitudinal assessments of individual, 
social, and cultural influences (pp. 215–
234). Washington, DC, US: American Psychologi-
cal Association.
[4] Eagly, A. H., & Diekman, A. B. (2005). What is 
the problem? Prejudice as an attitude-in-context. 
On the Nature of Prejudice: Fifty Years 
after Allport, 19–35.
[5] Eagly, A. H., & Karau, S. J. (2002). Role con-
gruity theory of prejudice toward female leaders. 
Psychological Review, 109(3), 573–598.
[6] Eccles, J. S., Freedman-Doan, C., Frome, 
P., Jacobs, J., & Yoon, K. S. (2000). Gender-
role socialization in the family: A longitudinal 
approach. The Developmental Social Psy-
chology of Gender, 333–360.
[7] Eccles, J. S., & Wigfield, A. (2002). Moti-
vational beliefs, values, and goals. Annual 
Review of Psychology, 53, 109–132.
[8] Lindberg, S. M., Hyde, J. S., Petersen, J. L., 
& Linn, M. C. (2010). New trends in gender and 
mathematics performance: a meta-analysis. Psy-
chological Bulletin, 136(6), 1123–1135.

[9] Lippa, R. A. (2010). Gender differences in per-
sonality and interests: When, where, and why? 
Social and Personality Psychology Com-
pass, 4(11), 1098–1110.
[10] Loewus, L. H. (2015, April 2). When Did 
Science Education Become STEM? Retrieved 
February 9, 2019, from http://blogs.edweek 
.org/edweek/curriculum/2015/04/when_did 
_science_education_become_STEM.html? 
cmp=SOC-SHR-FB
[11] Moss-Racusin, C. A., & Rudman, L. A. 
(2010). Disruptions in Women’s Self-Promotion: 
The Backlash Avoidance Model. Psychology 
of Women Quarterly, 34(2), 186–202.
[12] Quoidbach, J., Gilbert, D. T., & Wilson, T. 
D. (2013). The end of history illusion. Science, 
339(6115), 96–98.
[13] Reilly, D., Neumann, D. L., & Andrews, G. 
(2018, September 20). Gender Differences in 
Reading and Writing Achievement: Evidence 
From the National Assessment of Educational 
Progress (NAEP). American Psychologist. Advance 
online publication. http://dx.doi.org/10.1037/
amp0000356
[14] Rudman, L. A., & Fairchild, K. (2004). Reac-
tions to counterstereotypic behavior: the role 
of backlash in cultural stereotype maintenance. 
Journal of Personality and Social Psychol-
ogy, 87(2), 157–176.
[15] Rudman, L. A., & Glick, P. (2001). Prescrip-
tive Gender Stereotypes and Backlash Toward 
Agentic Women. Journal of Social Issues, 
57(4), 743–762.
[16] Sawchuk, S. (2018, May 22). Is STEM Over-
sold as a Path to Better Jobs? Retrieved Feb-
ruary 9, 2019, from https://www.edweek.org/
ew/articles/2018/05/23/is-stem-oversold-as-a 
-path-to.html?cmp=SOC-SHR-FB
[17] Stoet, G., & Geary, D. C. (2018). The Gen-
der-Equality Paradox in Science, Technology, 
Engineering, and Mathematics Education. Psy-
chological Science, 956797617741719.
[18] Su, R., & Rounds, J. (2015). All STEM fields 
are not created equal: People and things inter-
ests explain gender disparities across STEM 
fields. Frontiers in Psychology, 6, 189.
[19] Wang, M.-T., & Degol, J. (2013). Moti-
vational Pathways to STEM Career Choices:  
Using Expectancy-Value Perspective to Under-
stand Individual and Gender Differences 
in STEM Fields. Developmental Review: 
DR, 33(4). https://doi.org/10.1016/j.dr.2013 
.08.001
[20] Wang, M.-T., Eccles, J. S., & Kenny, S. 
(2013). Not lack of ability but more choice: 
individual and gender differences in choice of 
careers in science, technology, engineering, and 
mathematics. Psychological Science, 24(5), 
770–775.
[21] Watt, H. G. (2008). What motivates 
females and males to pursue sex-stereo-
typed careers? In H. M. G. Watt & J. S. Eccles 
(Ed.), Gender and occupational outcomes: 
Longitudinal assessments of individu-
al, social, and cultural influences (pp. 
87–113). Washington, DC, US: American Psy-
chological Association.
�  


