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Math Gender Differences?
From my early days in school, it
seemed girls were smarter. Actually, that proved not to be true.
Later, I noticed that my math classes in high school and college had
fewer women students. This issue
continues to be part of a robust
discussion on equity and inclusion.

Differences between males and females can be based on
(a) actual gender differences (abilities), (b) gender roles
(societal/cultural expectations), or (c) gender stereotypes
(differences in how we think men and women are).
How, or do these affect math abilities either separately or
collectively and what does the data say for how we should
educate children?

This issue offers several perspectives to help us think about how
we educate students.
Lawrence P King, Publisher
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Gender Differences In Math Ability Just Don’t Add Up
Nina Spariro
The phrase “Girls in STEM” has become a common one, with the aim to promote
and support girls as young as early elementary school to be exposed to the fields
of Science, Technology, Engineering, and Math. While at first glance this seems like
a commendable endeavor, the implicit, or perhaps explicit, bias here is clear: Girls
are weaker, less accomplished, less comfortable, and/or less facile in these areas
than are boys. Let’s give them a safe, nurturing environment to boost their abilities,
so that by the time they hit late adolescence, they’re ready to enter the “STEM” fields with the powerhouses: boys. The gender gap in STEM fields is closing, yet remains wide. But is the act of creating
yet another barrier around the less represented gender the best way to close the gap?
In 1992, a time which for many of us seems not that long ago, well before “Girls in STEM” was an entity, the Mattel toy company released Teen Talk Barbie. Aimed at the pre-teen market, each doll was
randomly programmed to speak four unique phrases, including such mundanities as “Meet me at the
mall!” “Do you have a crush on anyone?” or “I love to shop, don’t you?” One phrase of the over 200
possibilities was “Math class is hard!” Despite that fact that most of the Barbie phrases would nowadays strike a pretty sexist tone, the math one brought in more controversy than those focusing on
shopping and crushes, the latter of which clearly implied a crush on a boy, not on another girl. The
original commercial didn’t air the math quip, but is quite gender-biased on so many other levels.
A 2010 study reviewed over 240 research articles assessing mathematical skills in over 1.2 million
people in multiple countries between elementary school and college. While math achievement levels
were essentially the same between genders, the difference in attitude towards math was strikingly in
favor of boys over girls. The study authors attributed much of this discrepancy to stereotype bias on
the part of parents and teachers. This may start as early as ages five or six years, with subtle and notso-subtle suggestions that math is hard for girls, and math is easy for boys. The flip-side, not in this
study, but perhaps equally as biased, is that boys are weak in reading and English. As recently as this
year, the phrase “reluctant reader” is oftentimes targeted at boys, and books to encourage said
“reluctant readers” are often stereotyped “boy” books. Talk about implicit bias. It really does go both
ways, and neither way is good.
We can now look beyond achievement scores, math grades, and levels of mathematical achievement,
and enter the brain. A recent study at Carnegie
Mellon University assessed whether or not gender
differences exist on a functional level when it
comes to math. Functional MRI (fMRI) is a radiologic technique that can see brain function in real
time, as opposed to simply scans of brain images
using standard MRI (magnetic resonance imaging). The study enrolled just over a hundred 3- to
10-year-olds, half girls and half boys.
The first part involved showing the children an educational math video, and there was found to
be no difference between genders in how the
brain processed the information.
Continued on page 3 of 10
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In addition, the researchers administered a standardized math test to the study subjects, and also found no
difference between genders. They concluded that societal factors attribute to math differentiation; not innate variations in abilities or cognition.
The question remains, does enhancing a discriminated
group’s exposure to a certain area encourage productivity and confidence, or does it only serve as fodder for
continued discrimination? In his 2007 opinion, Chief
Justice John Roberts wrote,

”The way to stop discrimination on the basis of race is to
stop discriminating on the basis of race.” Some found
this extremely racist, as the dire need for underrepresented minorities in so many facets of education and
the workforce must be met with much-needed support
systems. Some found his statement wise, as the act of
differentiating, even in a positive sense, is, in and of itself, racist. While this is a gross oversimplification of a
much larger issue, gender discrimination falls prey to
many of the same biases. Perhaps one day there will
simply be “STEM Clubs,” whereby gender denomination
is not needed as a descriptor. The focus can then be on STEM, not on gender.

Among Top Math Students, Why Does a Gender Gap Persist?
Wharton health care management professor Ashley Swanson has new research that looks at the gender
gap among top math students in high school. Closing the gender gap in school performance is an important step toward shrinking the gender gap in pay when these students enter the workforce, so the
research has far-reaching implications. Swanson spoke to Knowledge@Wharton about her paper,
“Dynamics of the Gender Gap in High Math Achievement,” which was co-authored with MIT economics
professor Glenn Ellison.

Listen to the Podcast
https://knowledge.wharton.upenn.edu/article/gender-gap-mathematics-achievement/

The Wharton School
University of Pennsylvania
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Why the topic?
Girls and women are systematically tracked away from science and math throughout their educations, limiting their training and options to go into these fields as
adults.
According to the National Science Foundation, jobs in the physical sciences, engineering, mathematics,
and computer sciences align with some of the highest areas of job growth in the global economy. With
fewer women choosing to pursue careers in these fields, gender income inequality will rise. When women are underrepresented in these careers, their voices, needs, and desires are not heard and most importantly, Innovation suffers. Since women leave technical professions at a higher rate than males, we
wanted to share perspectives and research that offer leads to understand the role of gender and math if
evident. Research on gender similarities of learning math leads to the conclusion that other, more complex factors underlie the math gender gap. Quite probably, girls
tend to underperform when faced with negative stereotypes and
these stereotypes are present in tech professions.
Simply stated, if girls are suggested to not have a math gift and
their environment and society tells them that they do not have it,
then that can be a reason the perception of a gender difference
exists. On the other hand, if you are told and believe that you
have math ability and it can be cultivated through your efforts,
then the stereotype is without merit.
The myth of the math brain is one of the most self-destructive ideas in American education – research
shows no innate cognitive biological differences between men and women in math. Many girls lose confidence in math by third grade for a few reasons including not receiving the encouragement necessary to
from family, teachers, and others.
The gender gap in math and science is not going away. Women remain less likely to enroll in mathheavy fields of study and pursue math-heavy careers. This pattern persists despite major studies finding
no meaningful differences in mathematics performance among girls and boys. Those interested in gender equity should make girl confidence a priority. This includes both directly building up girls' and women's confidence and educating influential actors in their lives. Socializing messages and support from
mentors, teachers, peers and parents will also help counter gendered stereotypes and create spaces for
girls to build confidence in their ability to succeed in math and science.

How gender stereotypes remain a barrier for ‘Girls in Mathematics’
https://www.newtimes.co.rw/news/how-gender-stereotypes-remain-barrier-girls
-mathematics

Donah Mbabazi, Journalist at The New
Times Publications
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Gender Differences in Math Ability: What's the Science Say?
I was in a college calculus course. We were learning how to use quadrants and angles to solve functions.
People can either solve the function visually, or by calculating out their answer. As we were going
through different problems, I was using the visual method to solve the function. My instructor commented that it was good that I could solve the equation that way, and that it was rare for women to be able to
visualize the solutions.
At the time, I took it as a compliment. I assumed it was a well-meaning statement of fact that was biologically based.
What Are the Facts?
Do women really underperform men when it comes to visualization in mathematics? The actual ratio of
women to men earning degrees in mathematics today is relatively gender balanced. Is the idea that
men are better visual-spatial performers simply an engrained myth, or is it a fact?
Spatial visualization is essential to achievement in many STEM fields. In the book Why Aren’t More
Women in Science?, the authors investigate differences in women and men’s spatial visualization abilities in mathematics. They look at data across many studies to build a better understanding of why women are underrepresented in fields such as physics, engineering and computer science.
The differences in spatial ability are real. The average American man can perform mental rotation of a 3
-dimensional object that exceeds the ability of the average woman by half a standard deviation or more.
In other words, this performance difference is large enough that it could have implications for both men's
and women’s success in science
Why Do These Differences Exist?
Researchers have come up with a range of hypotheses about differences in spatial abilities. The differences start early. There is evidence that boys already show preferences towards spatial systems when
they are young. This could give them a cognitive head start for learning mathematics and science.
Researchers have also looked for biological causes to explain this sex difference. Some hypothesize
that men are more lateralized—that is, to perform spatial tasks, they use the right hemisphere of their
brain more often than women do.
Evolutionary hypotheses suggest that sex differences in the ability to navigate and use spatial representation to solve mathematical problems were selected in our ancestors by the activities they performed—
“hunter” men and “gatherer” women. One wonders, though, why such a trait would evolve differently in
the sexes. “Man-the-hunter” and “woman-the-gatherer” both needed spatial skills to persist and reproduce. And sex-specific traits that enhance reproduction tend to be metabolically costly. Think of antlers
among males in the deer family. Yes, they serve to attract females and dominate other males, but they
also create a substantial nutritional demand. They are biologically “expensive.” When a trait is biologically “cheap” to produce—which spatial skills would presumably be—there is no reason why both sexes
should not have inherited it (see the chapter by Newcombe in Why Aren’t More Women in Science for
more on this).

Continued on page 6 of 10
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There are findings that exposure to high levels of androgens early in life can enhance interest in maletyped activities that further spatial abilities, providing a different biological explanation for sex variations.
And while the effects of sex hormones are a plausible biological hypothesis to explain spatial performance differences between the sexes (Newcombe again), the effects of hormones on spatial ability remain complex (see here and here, for example).
Looking for early developmental effects to confirm a biological basis for sex differences can also be confounding. Researchers often assume early effects are more likely to be biologically based, but they can
also be environmental. For example, a study observed rotation and map reading skills in children from
high, middle and low income families. Males performed better than females in the high and middle income families, but not among the children from low income families.
This suggests that access to activities that build spatial skill was reduced for low income boys in comparison to middle and high income boys. Access to resources might also explain the sex differences researchers observed in boys and girls of middle and high income levels.
Change is Possible
The good and probably most important news is that spatial ability levels can be increased overall. While
sex differences in spatial ability are real, they do not seem to be biologically fixed.
Throughout the second half of the 20th century, intellectual ability in the U.S., including spatial visualization, has increased significantly. Are we really getting smarter? A meta-analysis demonstrated clear positive effects of simple spatial visualization practice that improved ability, and there are other more recent
studies that support mutability findings as well. For example, a semester of computer-based visual ability
practice (Tetris) led to substantial improvement in women undergraduates. When given these opportunities to practice, the gender differences in spatial ability evened out over time.
Equity in STEM Will Make a Difference
So, it turns out my calculus instructor was right. It is less common for women to be able to solve problems
visually. Does this mean that we have clear explanations for why there are not more women entering
STEM fields? I do not believe so. Even if biological factors are a substantial cause of sex differences in
spatial visualization ability, changes to the environment are also powerful!
When it comes to identifying environmental factors influencing girls’ and women’s spatial visualization
performance, we have a lot more work to do. A technical/scientific environment where both genders are
represented is stronger than one that is not gender balanced. Women and men bring much more to
STEM than just their innate mathematical abilities.
Women and men have different approaches to teamwork. Women often tend to view teamwork as an opportunity to collaborate and communicate, ask questions of others and respond to others’ questions of
them. Men are more likely to view teamwork as an opportunity to divide up tasks among the talents of the group and solve issues independently. Each approach offers advantages and disadvantages.
We stand to gain much more in the advancement of STEM when we
apply a diversity of problem-solving approaches. Working together, we
are more likely to come up with solutions that benefit us all.
Katrina Hunter is a Research Assistant at ETR.
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The Stem News Chronicle’s objective this issue was to present and address any theories concerning
differences, if any between boys and girls when it comes to learning math. In our process, we received
one article on the basic issue of teaching practice advocating an approach to training teachers in today’s
environment that may lead to improved outcomes in learning. Teaching for Thinking. It appears below.
Teaching does not challenge student learning sufficient to
meet the need of all the enablers in our education system. All
of the influencers from politicians that set budgets, to administrators who predict outcomes, to parents who expect a welleducated child prepared to contribute to the economy and society and not become a dependent are called upon to take
steps to improve the functions of teaching.

Teaching for Thinking
Can deeper learning revive the system of education?
Introduction
Schools are organizations not of theory, but of practice: a practice that involves adults and children working and learning within an often pressure-filled environment. Moreover, schools are a
place where stress not only comes from within, but from outside through the larger system of education.
In Pennsylvania the system of education is made up of individual parts that include every school,
Pre-K to Higher Education. The whole is the larger system: a system whose mission is to successfully educate all students.
The mission of the Department of Education is to ensure that every learner has access to a
world-class education system that academically prepares children and adults to succeed as productive citizens. Further, the Department seeks to establish a culture that is committed to improving opportunities throughout the commonwealth by ensuring that technical support, resources,
and optimal learning environments are available for all students, whether children or adults.
(www.education.pa.gov)
Individual schools have little influence over the external pressures that cause stress in the system as a whole. Research reminds us how failed strategies, often mandated through legislation,
often result from the antithesis of systems thinking. “The discipline of systems thinking,” writes
Peter Senge, “provides a different way of looking at problems and goals – not as isolated events
but as components of larger structures” (Senge, 2000, p. 78). Society, however, remains relentless in its demand that individual schools find solutions to the same, recurring, systemic problems.
In an April 2016 Stanford University newsletter article titled, America needs political will to fix unjust educational system, Stanford experts say, Stanford University President, John Hennessy lamented how the “U.S. educational system has been in crisis for a very long time,” and how this
“failed system” affects society as a whole.
Continued on page 8 of 10
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Regrettably, educators tend to add to these complex systemic problems by buying into the false narrative that we can somehow change the whole by modifying our part. This is “non-systems-thinking” at its
best. Addressing problems in isolation of systemic influence is futile. Solving systemic problems requires
systems-thinking, political will, and the courage to do what we know will lead to realistic, long-term solutions resulting in successful learning environments for all children. But where do we start?
We need to start by asking ourselves, what is the purpose of school? In his book, A Guide to 21 Trends
for the 21st Century, Marx looks to the needs for society’s future and talks of the critical function educators and the system of education perform in the world: “Every road to a sound economy and a more civil
society runs through our education system…much of what we’ll need to know and be able to do in the
future may not even show up on our radar, because we’ll have to incite the curiosity of students to invent
it” (Marx, 2015, p. 78). Yet, Lauren Resnick reminds us we are as, “unprepared for what our students
and society need from education as we were in the 1980s” (Resnick, 2010, p. 183). After decades of
research, we know how students learn and, therefore, the purpose of schools and teaching. Yet, according to Peter Senge, “when asked what they do for a living, most people describe the tasks they perform
every day, not the purpose of the greater enterprise in which they take part” (Senge, 1990, p. 18).
What we do know from years of research is that students’ learning deepens and their skills are reinforced when they transfer knowledge and apply what they learn to the real world. In Education for Life
and Work: Guide for Practitioners this relationship between deeper learning and transfer is further defined: “Deeper learning allows students to store knowledge in their long-term memories making the
knowledge easy to retrieve and apply. In other words, they store knowledge the way experts
do” (National Research Council, 2012, p. 9). With decades of research telling us how children learn and,
therefore, how teachers should teach for learning, why aren’t we listening? Linda Darling-Hammond, a
respected researcher, speaks urgently and often on this topic and, yet, after all of her years in education
she isn’t convinced the system of education will ever change. “Even as progress has been made, new
knowledge has frequently been ignored, misinterpreted, or misused—sometimes by teacher educators
and more often by policymakers—with the result that the discourse and debates about teacher education today eerily resemble those of a half century ago” (Darling-Hammond, 2016, P. 18).

As a result, the system of education still struggles to effectively educate all students. One recurring
cause stems from teachers who can feel ill-equipped to support the purpose of school by providing an
optimal learning environment for all children. Overall, schools and universities fail to teach, what Lauren
Resnick refers to as, a Thinking Curriculum: “one that is high in cognitive demand, embedded in specific, challenging subject matter, and requiring systems engineering where the quality of the end product
and the processes used to produce it are both continuously measured” (Resnick, 2010, p. 186). This
failure in teaching a Thinking Curriculum perpetuates a cycle of shallow learning that begins when K-12
students are not taught how to think about, engage in, or learn from experiences that promote deeper
learning. This cycle of shallow learning is often reinforced in our teacher education programs where universities model traditional methods of teaching. “We need to prepare educators to adopt a significantly
different way of teaching than most of them experienced in the course of their own schooling” (Resnick,
2010, p. 187). This is especially true when it comes to science. “Research has shown that many elementary teachers have weak science content backgrounds and had poor/negative experiences as students of science, resulting in a lack of confidence regarding teaching science” (Knaggs & Sondergeld,
2015, p. 117).

Continued on page 9 of 10
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This cycle perpetuates and the gap widens when teacher education programs are either unwilling or unable to devote the amount of time necessary to develop the kinds of courses that effectively bridge educational theory with the practice of teaching, the realities of how students learn, and the purpose of school.
By not bridging this divide, preservice teachers enter their own classrooms with a vast amount of theory,
but little or no practical experience of how to teach for deeper learning. This problem of transferring theoretical knowledge and facts from teacher education programs to professional practice - the “theorypractice divide” - is well documented in teacher education research (Hemker, Prescher & Narciss, 2017).

The system needs to prepare educators, at all levels, to embrace a significantly different way of teaching
than most of them experienced in the course of their own learning. “Because deeper learning takes time
and repeated practice, instruction aligned with these principles should begin in preschool and continue
across all levels of learning, from kindergarten through college and beyond” (National Research Council,
2012, p. 9). It is rare, however, even in undergraduate teacher education programs, to find courses that
take the time to teach future teachers how children learn and, by extension, how to teach for deeper
learning. “Typically, future teachers spend more than 100 hours in college classrooms with instructors
who model traditional pedagogy. Universities should reexamine and redesign introductory college-level
science courses to better accommodate the needs of future teachers” (Weld & Funk, 2005, pp. 190-191).
In addition to not modeling effective teaching methods, “most preservice programs fall short of providing
experiences consistent with the science of learning” (Bransford et al., 2000, p. 204).
The process of developing and refining a Thinking Curriculum can take years of hard work but, in the
end, affords educators the incredible opportunity to utilize a research-based methodology to design and
implement an optimal learning environment for all students. Deeper learning and, as a result, success for
all students doesn’t happen by chance. Examining the purpose of school requires teachers and teacher
educators to step outside of their own comfort zone and practice how to teach for deeper learning. Exceptional teachers will culturally commit to putting students and their learning first. It is part of their DNA.
Still, there are too many teachers who require a script and workbooks. “A Thinking Curriculum will fail if
teachers are restricted to scripted lessons” (Resnick, 2010, p. 195).
But we need more than just a Thinking Curriculum to make a sustainable difference. We need to become
a “Thinking System,” where all components in the education system have a strong personal commitment
to the purpose of school and how students learn. Teachers should aspire to this; teacher educators
should educate for this; politicians should legislate for this; the system of education should support it, and
society should demand it.
As a society, it is our responsibility to face the realities of where our
system of education is today and do what is necessary to create a
functioning system that will result in optimal learning environments for
all children and their future teachers. To accomplish this, we need less
educational theory and more teaching practice: practice that is grounded in experiential learning and carried forward by bold educators not
afraid to look to the future and take risks. We know what works and we
know what needs to be done, we just need the courage and the will to
do it.

Jean M. Wallace - Curriculum design consultant with Empowered
STEM
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