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Abstract:
This chapter provides an overview of the physics education research focusing on two
under-represented populations in physics: women and under-represented races and
ethnicities. A brief overview of the historical data on the participation of women and
under-represented races leads into some of the questions that PER has asked
regarding how physics education may differently affect these groups. Suggestions for
those interested in doing such research are provided.
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1. Introduction:
Women and some races and ethnicities have been under-represented in physics
throughout its history. In the last fifty years, a great deal of research has been
conducted on how to improve participation rates for these populations. While no
panacea has been found, research continues to discover things that help and hinder
participation by these groups. In physics education research (PER), people are
starting to focus efforts on ways in which physics education and the physics
classroom can promote or hamper progress on equitable participation. The goal of
this paper is to provide readers with a brief foundation of the work that has been done
in PER and related fields.
Nota Bene: The language that scholars use to discuss these issues is in the midst of a
period of dynamic change, and terms that may have a significant body of research and
outreach associated with them are being replaced by newer, more precise and
inclusive language. For example, I will be using the acronym URE for underrepresented races and ethnicities in some places. In others—mostly where I am
talking about established committees or referring to older research—I will stick with
the language choices those groups and study authors use for clarity and continuity's
sake.

2. Mind the gap: Women and UREs in Physics:
The issue of low participation of women and UREs in STEM fields is significant, and
of national importance.1 Many organizations keep track of issues regarding gender
and UREs. The National Science Foundation has been collating data on women and
minorities in STEM fields for decades, publishing the data in a biennial report titled
“Women, Minorities, and Persons with Disabilities in Science and Engineering”.2 In
the field of physics, the American Institute of Physics has a regular series of
publications on women and minorities in physics. The American Physical Society, the
American Institute of Physics and the American Association of Physics Teachers all
have committees or groups focused on women and minorities.
Low participation rates are problematic for multiple reasons. It is not just a matter of
equity for equity's sake. We are losing out on talented people who have an interest in
physics because the field is not welcoming to them. This talent loss is happening at a
time when we as a country need to strengthen our STEM education to remain
competitive internationally.3 Diversity in a field creates a stronger field, not just
ecologically but also sociologically.4 We need to promote the participation of underrepresented groups in physics both for their benefit and for the benefit of the field and
society.
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Most physics-related funding agencies and professional organizations view this as an
issue of concern and recognize the need to do better. The low rates of women and
some races and ethnicities have led to significant funding and research efforts on the
topic. Figures 1 and 2 show how low these rates tend to be.

Figure 1: Percent of Physics Bachelor’s Degrees Earned by Women5
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Figure 2: Minority Profile of Physics Bachelor’s6
With about 80% of physics bachelor’s degrees going to men, and about 80% to
whites, there is a lot of room for research on why women and UREs are less likely to
go into physics. The gender and science literature is large and has a long history. How
does PER fit in to this broader picture?
Physics education researchers want to discover what the educational environment
(formal or informal) can do to help or hinder the participation of these populations.
How might a physics course in college affect a young Latina’s likelihood to continue
in physics? Does a test or textbook full of white male figures influence how nonwhite males respond to the test or text? Can student-centered, interactive pedagogies
decrease the gender gap in physics? Just as PER improves physics education, PER
can also improve the physics education experience for those who are historically less
likely to continue in physics.
Another important reason for PER to study gender and issues of race and ethnicity is
that the majority of socialization of physicists starts in the classroom.7 Physics classes
are where students often first see other physics people and learn what the field and
those in it are all about and how they interact with each other and the material.
Population shifts in the U.S. mean that the proportion of the total population that is
white and male is becoming steadily smaller, and that is likely to continue. This
makes it increasingly important that non-whites and non-males feel welcome in our
fields of physics and PER. PER has already had an impact on physics education; we
can also have an impact on how physics and physics education promote the
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participation of under-represented groups. In order to help further that goal, this paper
will look at where we started, and where we are headed.

3. Humble beginnings:
The earliest article about gender or UREs in PER might surprise you, since PER is so
young itself. A 1976 article in the American Journal of Physics discussed education
materials designed to support women’s participation in physics.8 I classify this as
PER rather than straight gender and science research because of methodology. The
authors created educational materials and tested the efficacy of those materials using
a pretest/posttest questionnaire.
After this article, there is quite a gap before more gender and PER shows up on the
scene. The next PER article with a nod to gender in the American Journal of Physics
is in 1992, in which the authors suggest that teachers using cooperative groups for
problem solving should take into account the gender of the group members.9 UREs
first appear in a 1999 article about a program for at-risk students at Rutgers
University.10
It is in the late 1990s that research on gender and UREs begins to have real presence
in the field. Since then, focus on these topics has become a part of research in most of
the subfields within PER. How did we go from gender and URE research being
invisible or an afterthought, to being a standard or expected part of most studies? In
much the same way that PER has become such an important part of physics
education: by demonstrating to people that there is an issue that needs to be
addressed. As with early studies in PER, most of the research on gender in physics
education started with conceptual tests.

4. Women, UREs, and conceptual tests:
The most widely known conceptual test in PER is the Force Concept Inventory
(FCI).11 Gender and race-based differences were not examined in the first articles
about it and its predecessor (the Mechanics Baseline Test).12 Two years later, the Test
of Understanding Graphs-Kinematics was published and there was a brief mention of
a gender difference in the initial testing: “the mean for males of 9.5 was significantly
better than the 7.2 value for females.”13 The second overview test for first semester
physics, the Force and Motion Conceptual Evaluation, was published in 1998 and did
not include women or UREs in its discussion.14
For second-semester physics, the Conceptual Survey of Electricity and Magnetism
did not mention gender or race in their initial publication in 2001.15 A few years later,
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though, in 2004, the Determining and Interpreting Resistive Electric Circuits Concept
Test (DIRECT) test authors noted “significant differences were found in the averages
for males and females with males outperforming females at all levels”.16
The two biggest tests of students’ attitudes towards physics are another good example
of an increasing awareness of gender in the field. The initial study (in 1997) of the
Maryland Physics Expectations Survey (MPEX)17 did not include gender, but in 2006
the Colorado Learning Attitudes about Science Survey (CLASS) trial data was
analyzed to find “the responses to nearly half the statements show significant gender
differences.”18
Once the authors of a test publish their instrument, the big question is how do
students perform on the test across the country, or across the globe? For the most
widely-known and widely-used test, the FCI, there is a significant performance gap
favoring males. One of the earliest American Association of Physics Teachers talks
on gender and the FCI found that men outperform women on the pre-test, the posttest, and on relative gain.19 This gap is present in high school classrooms and college
classrooms, at Harvard and at community colleges. Over 15 years later, the gender
gap on the FCI remains.20 The latest research literature suggests that the gap is caused
by a combination of small factors rather than any one major difference.
Unfortunately, there is still very little data on UREs and conceptual tests. A
dissertation by Watkins21 suggests that UREs perform more poorly on the FCI than
their white counterparts, but there is little else in the extant published research. This
dissertation provides important reading for those interested in these issues.
As more and more researchers in physics education have become aware of the
importance of studying our classrooms and materials for their effects on women and
UREs, there has been a significant increase in the number of articles looking at
differences on conceptual tests. One important article for those interested in studying
this is Willoughby and Metz’s paper on different gain calculations for conceptual
tests.22 They do a nice job discussing different gain calculations and how different
calculations may show different gender patterns. This sort of work can be a good
entry point into this subfield, as many people have access to both conceptual test data
and demographic data for their own classes.

5. Expanding Horizons:
From its early work on gender differences on conceptual tests, PER has expanded its
focus to include looking at gender differences on online homework,23 and initial
forays into whether or not the active-learning, student-centered pedagogies we study
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may have differential effects by gender. In the first major study of pedagogy and
gender in PER, Lorenzo, Crouch, and Mazur studied FCI gain scores for men and
women in different types of courses (traditional, partly interactive, fully interactive).
They concluded that fully interactive courses reduced the FCI gender gap for Harvard
students.24
Another expansion of early work includes validating the CLASS test at a Hispanicserving institution, where the authors find that the CLASS is a valid test for this URE
population.25 This study is counterbalanced by another very interesting article by
Sabella et al. suggesting that our typical PER tools (conceptual tests, inventories) may
not translate well into non-majority institutions such as primarily black, urban
institutions.26

6. Blossoming Possibilities:
In the last decade there has been a significant increase in the numbers of people and
studies examining women and UREs in PER. Not only are researchers often including
measures to address gender and race when studying something else, but there are
numerous studies focusing primarily on gender and physics education. Thus far,
gender issues and effects are more often studied, leaving race/ethnicity an
understudied area with enormous possibilities for the advancement of knowledge.
One of the more important questions being investigated is whether or not studentcentered, active-engagement pedagogies can help reduce the gender gap in physics
and physics education. We have known for a long time that more active pedagogies
can improve student performance.27 Early work outside PER has suggested that poor
pedagogy can turn people away from physics; pedagogy was the third-highest rated
reason for leaving science in a seminal work by Seymour and Hewitt.28 Reports of
poor teaching in [science, math and engineering] classes were by far the most
common complaint of all switchers and non-switchers. Another study (now twenty
years old) reports that science teachers are more likely to grade on a curve and are
less likely to use active learning techniques.29 While we do not yet know about
specific impacts on every population, we can be glad for most students that high
school teaching has come a long way toward adopting better pedagogy since then!30
In PER, there are mixed reports on the effectiveness of active-learning techniques on
reducing the gender gap. Pollock et al. found results that did not support the Harvard
results: interactive engagement did not help reduce gender differences.31 In later
studies, this group concludes that it is an accumulation of small differences that add
up to significant differences in results by gender in physics courses.32
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Several studies on UREs have looked at how active-engagement pedagogies may help
minority populations. The Student-Centered Active Learning Environment with
Upside-down Pedagogy (SCALE-UP) classrooms have been shown to reduce failure
rates in female and minority students (Beichner and Saul, 2003).33 Similarly, a
program at Rutgers University has reduced failure rates for at-risk populations, many
of whom are UREs.34
One gender-focused article in PER has been featured in the pages of Science,35
examining a short in-class intervention on values affirmation that helped reduce the
gender gap in an introductory physics course.
The expansion of the field means that there are far more gender- and race-related
articles being published than can be mentioned here, but a good deal of work has
come out of University of Colorado-Boulder, and Florida International University.
The new research has pushed the boundaries beyond performance gaps and curricular
issues, looking into bias, attitudes, affirmation and sense of belonging, and other
people-focused issues. Doing a search for gender or race on the PRST-PER website36
provides wonderful reading material. The prevalence of gender research in PER has
resulted in a focused collection on gender in physics, published in the summer of
2016.37

7. Getting Started:
For those readers interested in doing work related to women and UREs, there is
important research to read, and important ideas to keep in mind.
7.1 Stereotype threat
Anyone doing work in these areas should familiarize themselves with the concept of
stereotype threat. While there are many articles in many areas on this, a great
introduction is Claude Steele’s book “Whistling Vivaldi”.38 Stereotype threat is the
idea that our actions are changed by the awareness, or even the presence, of
stereotypes about us. White men told that they are going to be tested on basketball
performance as compared to black men perform more poorly, unconsciously doing
worse because of the stereotype that black men are better basketball players. When
told that a math test tends to discriminate by gender, women perform worse and men
perform better. This usually happens unconsciously, but the effect is very well
documented.39 A good educational resource with a strong bibliography is the website
http://www.reducingstereotypethreat.org/.
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One of the most important things to come out of stereotype threat research for PER is
that all demographic questions should be placed at the end of a
questionnaire/test/survey rather than at the beginning. Even the presence of a M/Ftype question at the beginning of a test can trigger stereotype threat.40
The idea of implicit bias is a related concept that is further important reading for
those getting started.41 Harvard’s Implicit Association Test42 is a quick and easy
introduction to the idea, and also allows a researcher to discover her or his own
hidden biases.
7.2 The idea of significance and statistics
One of the issues that is important when looking at gender or race differences in PER
studies is the idea of statistical significance versus educational significance. If twenty
studies were to say that men outperform women on a test—but not statistically
significantly—it does not mean that there is no gender gap. Likewise, if a study with
2000 people shows a statistically significant racial gap of 1 question out of 75, the
educational significance of the study is minimal, though real.
Statistics can hide important differences and trends. And, as mentioned above, how
you analyze your data may include hidden biases. Researchers still need to study how
different calculations or methodologies may influence examinations of gender and
racial differences, and then we need to make our field aware of these confounds.
Another important resource regarding this area is an article by Rodriguez et al.43
discussing models of equity and how they affect analysis results. They reviewed the
aforementioned Harvard data under different models and note different interpretations
that could be made.
A common mistake when people first start examining gender or URE effects in data
is to take all their data and run statistical tests on every semester, every class, to see if
there are gaps. Unfortunately, the nature of statistics means that at a p-value of 0.05,
if you run 20 tests, you are likely to get one that is statistically significant, just due to
random chance. Every time you run another test, you are increasing the chances of
getting a “false positive”. So researchers should be thoughtful about what tests to run.
Develop hypotheses to test first; figure out where you believe there may be
differences or effects. Then determine the best test to run to test that hypothesis.
A better way than a simple t-test to determine if a statistical difference is meaningful
is to calculate the effect size.44 There is also a body of work on Differential Item
Functioning (DIF) for multiple-choice type tests.45
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7.3 Different Approaches
Another important point for incoming researchers to consider in their focus is their
motivation for studying gender and race or ethnicity issues. Some people may
approach it from the perspective of finding an immediate solution to a problem.
Others might be more interested in a thorough understanding of the problem and its
underlying causes. Your motivation will lead you to approach and structure research
differently.
A purely quantitative approach will give you different information than qualitative
approaches. Many physicists are most comfortable with numbers and statistics, but as
we learn more about gender and culture, it is clear that our attitudes and social
settings have a large effect on performance. Consider what you want to know, and
learn about the best sort of data to gather. Social theory and psychology have much to
offer both researchers and teachers. Qualitative work often involves interviewing
appropriate groups and coding results, grouping into themes, and developing theories
from the patterns that emerge.46 There are numerous types of qualitative research and
many resources to help someone move into this area.
7.4 Biases
As has been mentioned previously, we all come into our research with inherent
biases, many of which we are unaware of. The biases we have will affect how we
choose our data, our analyses, our conclusions. The best counter to this is an
awareness of those biases (see the Implicit Association Test section above), and
education about how different analyses can provide different results (see the articles
above by Rodriguez and Willoughby). There is a common belief (explicit or
inherent) that white men are the standard to which all others are, and should be,
judged. This “deficit model” can cause bias in research as well as teaching: it can lead
us to ask how to get women to perform like men, when a better question is to examine
what causes the differences between groups. An example: If women don’t do well on
a test designed by men and tested on men, administered in a classroom full of men, is
the problem really with the women?
7.5 Flexibility
One of the advantages of research on gender and race issues is that it is possible to
dabble around the edges or dive in completely. There is so much ground to cover in
our need for more understanding of these issues that everyone should be encouraged
to look at gender and racial/ethnicity effects in their research at whatever level they
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can accommodate. It need not be the central focus of all research, but it is simple
enough to add some demographic questions at the end of a survey or test in order to
get additional research data.
If you are interested in gender or race effects in your own classroom, you can dive
right in. This sort of work may not result in article-worthy research, but can provide
useful information to the individual. If you want to conduct research, you should take
care to learn about appropriate methods and analyses, just as with any subfield,
especially if you are hoping to publish.
Another advantage to this field is that there are numerous possibilities for
disseminating work and for finding it. Beyond the major PER publishers, there are
science teaching journals such as the Journal of College Science Teaching, Physics
Education, and the Journal of Research on Science Teaching. Focusing on UREs and
women, there are also the Journal of Women and Minorities in Science and
Engineering, the Journal of Multicultural, Gender and Minority Studies and the
Journal of Research in Gender Studies. There is an enormous amount of research
outside PER that can help a person within PER learn about studying underrepresented groups.
7.6 A Point of Concern
One possible issue for those interested in conducting research in gender and URE
areas to be aware of is that this subfield can be somewhat marginalized in certain
settings. Bringing up race/ethnicity and gender sometimes makes people
uncomfortable, and this could be an issue for the researcher if those uncomfortable
people are a search committee, or a boss, or an advisor. This is unfortunate and
should not be the case, but the researcher interested in this area should be aware of
possible personal or institutional biases that may play against them.

8. Future Directions:
As the research base concerning gender and race/ethnicity in PER grows, this area
continues to need people actively working on the basic question of how the physics
classroom affects under-represented races/ethnicities and women. If we are to
continue to promote physics participation for all, we need to continue studying how
physics education helps or hinders these efforts. I expect that in the future, our
definition of gender will become broader, just as “Women’s Studies” has grown into
“Gender Studies”. I also expect to see a similar expansion of studies focused on
UREs. We should widen our view of “under-represented” groups to include persons
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with disabilities and members of the LGBTQ community. To do this, we need to
make sure that people in PER are aware of the importance of studying these topics.47

9. Conclusions:
As the need for more scientists and technically trained people continues to grow, and
the need for strong science education becomes more desperate, it behooves the PER
community to broaden the field to include the effects of physics education on those
who do not match the traditional picture of a physicist. Research on underrepresented groups is an important part of PER that everyone should be aware of. We
still have many questions that need to be answered, and newcomers have excellent
opportunities to make contributions. Step up and join us in making a difference!
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