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Despite recent interest and pressing need, we lack a clear model of culturally relevant, responsive, sensitive
teaching in university STEM departments. Most culturally relevant efforts within STEM education address
actions individual professors can take within their own classrooms and mentoring, rather than describing
how to go about enacting cultural transformation at the departmental level. In this article, we propose the
application of the Ladson-Billings model of culturally relevant pedagogy to promote an inclusive culture
within undergraduate STEM departments. The model consists of three components: academic success,
cultural competence and integrity, and critical consciousness. We define each component and describe what
it looks like and how it can be used to guide departmental transformation, including examples in biology,
physics, mathematics, and computer science departments at our own institution. This model can help guide
faculty committed to creating departments where all kinds of STEM students can thrive, provided they are

willing to work hard.

INTRODUCTION

University science and math departments are in
need of widespread cultural transformation. By cultural
transformation, we mean becoming departments where
all kinds of students feel that they belong and where, with
sufficient effort, all kinds of students can be successful,
regardless of race or ethnicity, gender, socioeconomic
status, first-generation college status, physical ableness, or
other underserved group within the STEM community. As
is, departments are losing talented students due to factors
unrelated to their talent. Biology in particular has strong
initial interest from women and students of color (1), yet
these individuals are lost at various points within their edu-
cation (1-3). We focus on belonging because belonging and
academic success are linked; students’ sense of belonging in
their STEM department predicts student persistence better
than scientific self-efficacy (4). Researchers have found that
white men have the highest sense of belonging in STEM,
and women of color the lowest (3, 5). Students who leave
STEM majors (including both men and women, and all racial
groups) reported a lower sense of belonging in STEM than
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those who persist (5). Students from underrepresented
groups (black, Latinx and American Indian students; women
of all races) are less likely to feel they belong, and women
of color, including those who have persisted, reported the
lowest levels of belonging of any group. Further, women feel
a weaker sense of belonging in STEM when they believe that
STEM faculty show gender bias (6).

Other work in STEM education has focused on depart-
mental transformation as a key lever for widespread change
within the field (4, 7-9). However, little is known about how
to bring about this transformation. Most culturally relevant
efforts within STEM education address actions individual
professors can take within their own classrooms and men-
toring. This includes: bringing culturally relevant examples
into specific classrooms (10—13), being aware of stereotype
threat (14, 15) and implicit bias (16, 17), and improving indi-
vidual mentoring and research experiences (18-20). While
these strategies are important, they are not sufficient to
create a sustained cultural shift at the departmental level.

We wrote this article for university scientists and
mathematicians who want to transform the culture in their
departments so that all kinds of students feel they belong.
We refer to this process as inclusive transformation. Our
purpose is to offer a conceptual model to guide this process.
Our model is based on a framework for culturally relevant
pedagogy developed by Gloria Ladson-Billings (21-23).
Her model consists of three main components: academic
success, cultural competence, and critical consciousness.
In this article, we tailor her framework so that it can be
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used to guide inclusive transformations of science and math
departments. The resulting model is simple, flexible, and
comprehensive and points to concrete actions professors
can take at their own institutions.

LITERATURE REVIEW

Ladson-Billings’ model of culturally relevant pedagogy
was developed to describe effective elementary school
teachers, but we will show that it also works well to describe
an inclusive university science or math department. This
model has been implemented across settings and age groups
(24-26). In a synthesis of research since 1995, Aronson and
Laughter found that the use of culturally relevant peda-
gogy was correlated with increases in student motivation,
interest, “ability to engage in content area discourses,”
“perception of themselves as capable students,” and higher
test scores (27). The focus of culturally relevant pedagogy
is not on helping individual students succeed but on the
common good; it is “specifically committed to collective,
not merely individual, empowerment” (21). The model has
three central components: “(a) students must experience
academic success; (b) students must develop and/or maintain
cultural competence; and (c) students must develop a critical
consciousness through which they challenge the status quo
of the current social order” (21). We believe that science and
math departments committed to inclusive transformation
can use these components to judge their current practices
and develop new practices. In this section, we develop each
component in the context of research on the challenges to
creating more inclusive science and math departments as
well as previous research on effective inclusion strategies.

Academic success

The first component of the model is a robust focus on
students’ academic success. Academic success means more
than just providing opportunities for students to learn sci-
ence and math; it means ensuring that those opportunities
are open to all kinds of students, including students who had
the misfortune of attending high schools with inadequate
math and science curricula. In the United States, we have
what amounts to two K—12 school systems: one attended
mostly by white affluent students, the other attended by
a mix of black, Latinx, and white students, mostly lower
income. Of course there are some predominantly non-
white schools that offer superb educational opportunities,
but by and large predominantly white schools receive more
per-student funding (28, 29), have more experienced and
effective teachers (30), teach fewer students who qualify
for free or reduced meals (31), and are more likely to offer
a full range of high school math and science courses (32).

These differences in opportunity lead to predictable
differences in academic opportunity and outcome. White
students are more likely to be placed in gifted education
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(even after controlling for test scores) (32, 33), take and pass
AP classes (32), graduate from high school (34), and attend
and graduate from college (35). White students are less likely
to be suspended even after controlling for infraction (36,
37). To transform science and math departments, professors
must take these inequities into account. As Carter, Skiba,
Arredondo, and Pollock remind us, “you can’t fix what you
don’t look at” (38).

This situation can seem hopeless. How can univer-
sity faculty make up for years of inadequate instruction?
Research indicates that these inequities can be addressed by
focusing on students’ strengths while providing opportuni-
ties to make up for what they were not offered. This neces-
sitates a delicate balance. Viewing students as deficient can
negatively impact learning (39). However, recognizing that
some students arrived at college with weaker backgrounds
is not the same as viewing them through a deficit lens. A
way to strike this balance is to redefine what it means to
be “a promising student’: liking science, working hard, and
asking good questions, rather than having strong exam
scores right out of the starting gate. One technique that
has been shown to support students with high interest but
weaker preparation is to offer summer bridge programs
to front load information (40, 41). Tanner has collected 21
teaching strategies that biology faculty can incorporate into
their classes to give all students opportunities to talk and
think about biology and to build a more inclusive, equitable
classroom (42). This work is urgent: students’ experiences in
introductory science and math courses have a direct effect
on whether they persist (3, 43—-47).

Cultural competence

The next component of this model is to create a depart-
ment culture in which students feel they can be themselves.
Ladson-Billings calls this cultural competence, but this does
not just mean being able to work with people from different
cultural backgrounds; in this model, cultural competence
means “helping students to recognize and honor their own
cultural beliefs and practices while acquiring access to the
wider culture” (48). In university science and math settings,
this means departments that deliberately broaden norms
and practices so that students from nondominant cultures
feel welcomed. Tanner and Allen write about cultural
competence similarly: “Perhaps one reason why efforts to
diversify science have made little progress is that we’ve spent
too much effort trying to inculcate diverse populations of
students into the culture of science as opposed to changing
the culture of science itself to be inclusive of them” (49).

Becoming more culturally competent might mean cur-
ricular changes that incorporate students’ cultural knowl-
edge, as in a chemistry classroom where students analyze
traditional beliefs scientifically (50). However, professors can
still create an environment where students feel they belong
and can be themselves without making changes to course
content. For example, actively encouraging the contributions
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TABLE 1.
Culturally relevant pedagogy (21, 23).

Academic success

achieve success.

Cultural competence

Critical consciousness

Creating conditions under which a wide variety of students, provided they work hard, actually

Creating classrooms and departments where students do not experience a conflict between
their lives as science students and other parts of their identities.

Thinking critically about the culture of science.

of all students using classroom response systems (51) and
small group work (52) increases learning of all students and
promotes a sense of intellectual community (53). Assigning
roles promotes equity in small groups (54, 55); more guid-
ance on effective group work can be found in the relevant
CBE Life Sci Educ Evidence-Based Teaching Guide at https:/
Ise.ascb.org/evidence-based-teaching-guides/group-work/
(56). A study of noncontent instructor talk in an introduc-
tory biology course shows how instructors can also use
language to create a welcoming classroom culture (57).
We believe that creating departments where students
can feel culturally competent is going to require professors
to take control of the department culture, rather than let-
ting students set it. In typical college STEM settings, gender,
race, and ethnicity have been shown to be strong predictors
of student behavior. Researchers have found that in small
groups, men preferred to take on roles as “leaders and
explainers,” women preferred being “collaborators” (a mix
of explaining and listening), and non-white and international
students preferred being “listeners” (55). Male students
overestimated their own performance and underesti-
mated that of their biology classmates, particularly female
classmates (58). Similarly, male students and native English
speakers had higher academic self-concepts than female
students and non-native English speakers with a physiology
classroom, and students’ self-concept affected how much
they participated in small-group discussions (59). These find-
ings suggest that a culturally transformed math or science
department must actively push for inclusive norms if they
want female students and students of color to participate as
actively as their white, male, native English-speaking peers.
Supporting cultural competence in a transformed
department might also include preparing students for other
STEM settings: helping them understand STEM cultural
norms and expectations, and ensuring they have the skills
and knowledge to succeed. One way to do this is through
strong, shared department mentoring practices; Braun etal.
provide a framework to incorporate cultural capital within
the mentoring relationship (60), while Aikens et al. focus on
social capital (61). Haegar and Fresquez illustrate the gains
that can be made when incorporating both social and cul-
tural capital within the research mentoring relationship (62).
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Critical consciousness

This model requires that professors think critically
about culture and power; we will argue that this is key to
transforming departments. This means being able to “cri-
tique the cultural norms, values, mores, and institutions
that produce and maintain social inequities” (21). Aronson
and Laughter add that critical consciousness “begins with
teachers recognizing sociopolitical issues of race, class,
and gender in themselves and understanding the causes
before then incorporating these issues in their teaching”
(27). It is particularly important that STEM professors have
critical consciousness because so many are white men, and
because of the elite status of STEM; scientists, engineers,
mathematicians, and computer scientists occupy powerful
positions in society.

Students who are underrepresented in STEM settings
experience subtle biases, which have major effects on their
entry into and persistence in the disciplines. Being criti-
cally conscious means taking these biases seriously. For
example, there is a tight correlation between the belief
that success in a field requires “a special aptitude that just
can’t be taught” and the number of women and African
Americans holding U.S. PhDs in that field (63). Biology,
chemistry, and physics professors have been shown to
perceive males as more competent and deserving of higher
salaries and more mentoring, even when controlling for
gender, field, age, and tenure status of the professors (64).
Harrison and Tanner discuss the damage caused by micro-
aggressions in STEM settings (65); 15 of 17 black women
and Latinas reported experiencing microaggressions while
majoring in physics (66).

Without critical consciousness, professors may focus
only on recruiting underrepresented students to their
departments. Recruiting underrepresented students without
trying to eliminate biases that they may face will not lead to
departments where all kinds of students feel they belong.
Professors who want to transform their departments must
understand that typical cultural norms of science depart-
ments may benefit certain kinds of students (male, white
and Asian, affluent) while disadvantaging others (female,
black, Latinx, and American Indian, poor). Killpack and
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Melon provide an excellent guide for faculty development
on these issues (16).

In the rest of this paper, we further develop what these
components might look like in university science and math
departments. In the section “What this might look like in
practice,” we provide concrete examples. In the Discussion,
we incorporate these examples into our model of a culturally
relevant university STEM department.

METHODS

This article is not a report of a research study. Rather,
it is the result of conversations between the authors
about how science and math departments could engage in
department-wide inclusive cultural transformation. Elliott
is a biologist, Johnson is a teacher educator, and both of us
engage in research and activism around equity in science
education. Johnson realized that the effective practices we
were discussing align tightly with Ladson-Billings’ framework
for culturally relevant pedagogy, and this insight led us to
collaborate on this article, in the hopes that the framework
would be useful to others who share our commitments.
Although this is not a research report, it is grounded in
systematic qualitative research and systematic program
evaluations we have carried out over the past |5 years.

Data sources

Our evidence is drawn from data collected at our
own institution, St. Mary’s College of Maryland (SMCM).
Our Math and Computer Science, Biology, Chemistry,
and Physics departments all have robust habits of self-
assessment, so we have access to various forms of data
collected over the past |5 years. In addition, in 2015-2016,
Johnson conducted interviews of faculty and students within
the Physics department and the Math and Computer Sci-
ence department. All research cited in this article followed
approved Institutional Review Board protocols or was
designated exempt programmatic analysis.

Data source |: Physics, math, and computer science
interviews. Data included participant observation, inter-
views, and focus groups (67—69). During the first 2 weeks
of the fall semester of 2015, Johnson attended at least one
class session in all 17 100- and 200-level physics, math, and
computer science classes, as well as 7 300- and 400-level
classes, to observe how cultural norms were established.

She interviewed |3 physics, math, and computer sci-
ence faculty members (out of a total of 16), including all
women faculty. Rather than recording interviews, Johnson
took notes in real time and then sent transcripts back to
participants to be amended to reflect their intentions. Most
interviews lasted about an hour; questions included:

* What does it mean for someone to be a good physics,
math, or computer science student?

4 Journal of Microbiology & Biology Education

*  What do you do as an individual to support and teach
students?

*  What does your department do?

* Why do you think St. Mary’s has good numbers for
retaining women students in your department, and
what could be done even better?

*  Women faculty only: What was it like for you to study
in this field?

She interviewed |7 women students (out of 58) from
the three majors, with women of color oversampled (see
Table 2). At least one of the women interviewed was trans.
She asked all students just one question: “Tell me how
you decided to major in [field] and what it’s like,” with
subsequent prompts that followed the women’s narratives.
Interviews lasted for about 45—90 minutes and ranged widely
after the initial question.

Johnson conducted three focus groups in large upper-
level classes in each of the three disciplines. In each class,
she asked the following questions:

*  Why did you decide to major in [field]?
*  What was your route to majoring in [field] at St. Mary’s

College?

* Was it the same as you thought it would be? How is it
the same? Was it different? How?

* What is it like to major in [field]?

* What do you like about [field] classes?

* What could be even better?

* St. Mary’s has higher rates of women in [field] than most
other liberal arts colleges. Why do you think that might be?

* Do you have ideas about attracting even more women?

In each class she explained to students that the goal
was to gather the widest range of responses possible and
then to see how typical each answer was. After she posed a
question, she asked students to keep offering responses until
there were no more new answers; then she asked them to
indicate, by raising their hands, how many of the responses
they agreed with. Johnson also conducted a focus group
at a tea put on by the members of the Women in Science
House (WiSH), a community of women science majors. At
the WiSH tea, Johnson asked women what their experi-
ences were like majoring in science and math at St. Mary’s
College, and they took turns answering this question and
talking among themselves for an hour and a half.

All data were analyzed by sorting through the data to
identify recurrent topics, turning those topics into codes,
and finding as many instances of each code as possible across
field notes, interviews, and focus groups (68, 69). Coded
data were analyzed by looking for common themes, as well
as disconfirming examples. The analysis was carried out
using NVivo. Note that this analysis does not permit us to
make separate statements about each major, nor to disag-
gregate findings by race. The size of each racial subgroup
was too small to allow for any kind of generalizability, and
so many students in each major were double majoring or

Volume 21, Number |

Downloaded from https:/journals.asm.org/journal/jmbe on 09 September 2021 by 173.44.96.110.



JOHNSON & ELLIOTT: LADSON-BILLINGS’ MODEL FOR INCLUSIVE STEM

TABLE 2.
Characteristics of women with declared majors in physics, math and computer science
at St. Mary’s College of Maryland in fall 2015; characteristics of interview sample.

Characteristic Total no. No. interviewed
Majoring in physics, math, or computer science 58 17
Majoring or minoring in computer science 24 7
Majoring or minoring in physics 9 6
Majoring or minoring in math 44 10
White 42 I
Latina 2
Black 3
Asian |
Sophomores 7 2
Juniors 24 5
Seniors 25 10

minoring in other departments that they found it difficult
to distinguish between experiences in physics, math, and
computer science.

Data source 2: Existing programmatic documents
and analyses, including analyses of the outcomes of SMCM
math, computer science, and biology Emerging Scholars pro-
grams (ESPs); SMCM STEM Navigators program outcomes
(S-STEM grant #1154315); Introductory Biology course
redesign (Lumina Foundation grant); alumni surveys; and
data from the SMCM Department of Institutional Research.

What this might look like in practice

Our goal in this section is to describe what the com-
ponents of Ladson-Billings’ model of culturally relevant
pedagogy might look like in a university science or math
department committed to inclusion. VWe draw our examples
from what we have seen at SMCM; however, we are not
trying to argue that these departments are exemplars of
inclusion. Nevertheless, we believe that the examples we
have collected will let faculty better understand what these
components might look like in practice. Before we get to the
three components, however, we present evidence that stu-
dents experience a sense of belonging in these departments.

Inclusive sense of belonging

We have not systematically measured students’ sense
of belonging in these departments. However, dozens of
statements collected by Johnson captured St. Mary’s STEM
students’ strong feelings of community and belonging. During
focus groups, a female math major said she liked “the com-
munity of it. When we have homework or exams, we all
come together. We know the pain together,” at which her
classmates laughed and voiced agreement. (Note: Johnson’s
agreement with participants precludes identifying the race
and gender of some students. Because there are so few

Volume 21, Number |

students in each pool (see Table 2), the agreement was to
identify them only by major and gender, to protect their
confidentiality. Students whose race is also identified agreed
to this beforehand.) A female computer science major says
that the program is “a lot more collaborative, a bigger sense
of community” than she had expected; “not just independent
people programming stuff all the time.” Seventeen other
people in the focus group of about 25 agreed. A white
woman, on what it is like to major in physics, said: “I like
how friendly everyone is. | love working with people on
stuff.... | like the general sense of community that there is
in [the science building].” Collaboration rather than com-
petition is also a common theme within the SMCM biology
department. Professors note that students unfailingly help
each other rather than sabotage their peers with incorrect
information or incomplete notes, and that this ethos is sup-
ported by the faculty. One faculty member summed it up
by noting, “Students are internally competitive [to do their
best], but not [competitive] with each other.”

Critical consciousness

One math professor illustrated critical consciousness:
“Social interactions matter.... Social interactions impact aca-
demic performance. And when those social interactions are
about isolation, racism, and sexism and everything else, they
take it one direction—they affect academic performance in
one direction.” A physics professor made a similar point:
“We'’re aware that there are constraints on people who
aren’t following the stereotypical model, and we’re going to
deal with those as a community rather than make you deal
with those by yourself.”

Note that professors do not have to have high levels
of critical consciousness to undertake inclusive transforma-
tion. At our institution, professors became more critically
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conscious as a result of participating in transformation
processes. Johnson collected two different stories about
this process.

Origin story |: The virtuous circle. The first story
comes from the Math department, and Johnson collected
several versions from different math professors. Over |5
years ago, the department declared their department to
be a “No Criticism Zone,” which Johnson was told repeat-
edly was key to building an inclusive culture. One professor
explained the No Criticism Zone this way: “As a depart-
mental faculty, we've decided that we will not say negative
critical things about students where students can hear—not
just the student in question, but any students. We don’t want
a student to go back and say ‘well geez, if they’re willing to
say that about so and so, what are they saying about me?””

Several faculty members reported that the No Criti-
cism Zone led to profound transformations in the way the
faculty viewed their students. “You internalize these things.
When you gripe about students, a little bit of that—you
internalize, and you think worse of students. When you
avoid griping about students, you think better of them, just
because you're not saying those things.” These changes led
to yet more inclusive transformations; the department fell
into a virtuous circle. Another professor said “| really feel
like that mentality in many ways is—maybe the biggest single
factor in terms of our growth, just in terms of numbers—
our popularity on campus. How many schools do you go
to where people think the Math department is cool?” By
changing how they talked about students, these faculty began
to think differently about their students.

The department instituted more inclusive changes,
which attracted more students, which allowed the depart-
ment to petition successfully for more faculty lines; their
success with a wider range of students allowed them to
attract other equity-minded professors. Over the years they
have transformed from a faculty of five, one of whom was
willing to focus on equity and one who was committed to
it, to a lively faculty of 10 mathematicians and 4 computer
scientists, with universal support for equity-focused peda-
gogical practices. Now, as one math major put it, “math is
like a family. If you show the slightest interest in it, all the
professors are like ‘let me show you how much fun math
can be.”

Origin story 2: Data conversion. In this story,
about 10 years ago the department hired a new professor
who was proficient in both physics and also in the then-
emerging field of physics education research. Meanwhile, the
entire campus was under pressure to institute some sort
of assessment system, so the Physics department adopted
the Force Concept Inventory (70—72). The new professor
taught introductory physics using inclusive, research-based
practices; the department chair taught the course using a
traditional lecture format. The students in the class of the
new professor learned more. This again led to a virtuous
circle, with the department chair adopting more inclusive
practices. Both of these professors were committed to
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broadening participation in physics, which made the depart-
ment more attractive to women physicists when positions
came open, and now a faculty that was previously entirely
male is 60% female. This has also attracted women physics
majors (including women of color); about 30% of the physics
majors are women, which is well above the national average
of 20%. More impressive, since 2012 there have always been
at least two women of color among the eight or so women
physics majors, which is far above the national average; 2%
of all physics graduates for the past 15 years have been black
women and Latinas (73).

The transformation process at St. Mary’s started with
faculty who were willing to question the status quo in
their fields (which is what Ladson-Billings means by critical
consciousness). But their initial levels of cultural critique
did not have to be particularly deep; for many professors,
their critical consciousness grew over time, as they adopted
more inclusive policies and teaching approaches and saw
how this led to more satisfying teaching experiences and
broader participation in their majors. Professors began to
take pride in creating departments where students could
thrive and where inclusion was valued.

For example, one professor was initially resistant to the
idea that a student’s race or gender would have any impact
on their experiences. She analyzed social situations through
a lens of color and gender blindness and firmly insisted that
outcomes were determined by merit alone. She was, how-
ever, willing to try out research-based teaching strategies,
and that experience, along with a willingness to consider
evidence about implicit bias and inequitable outcomes, has
led to an extraordinary change in her view. She was particu-
larly affected by a study documenting the discrimination and
microaggressions experienced by women graduate students
in physics and astronomy (the study was later published; see
reference 74). She now takes on issues of social justice not
only in her classes but campus-wide. In her classes, “I've
started talking with my students about implicit bias. | need
to figure out the best way to do it, but it’s a small thing |
can do to help reduce implicit bias.”

This critical consciousness on the part of professors
leads them to try to spark similar insights among their
students. “Changing our own behavior, to me, is not good
enough. Changing our own behavior makes the imme-
diate experience for our students slightly more equitable.
Changing our behavior and discussing that with students has
at least the possibility of changing the world.” As a concrete
example of what this might look like, a male computer sci-
ence professor takes on the misogynist culture of video
games directly: “Every single time I've run [my course], we've
had a discussion of gender and racial representation in video
games.... There are not a lot of women who are forefront in
games” [interjection from female colleague: “And if they are,
they forgot their clothes.”] “And | will have one or two guys
who are completely oblivious to it—it never crossed their
mind that this would be a problem, that this is something
that could be solved, that needs to be tackled.”
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Academic success

Supporting academic success in inclusive science and
math departments requires deliberately building structures
that help students succeed. In this section, we present some
examples of what that might look like, including redefining
academic success, ensuring reasonable time to degree
completion, and support structures

Redefining academic success. A key step in trans-
forming a department is to adopt an inclusive definition of
academic success: what it means to be a good student in
one’s discipline. This is particularly important given research
about the prevalence of unconscious bias against women and
black and Latinx people in science and math (6, 64, 75, 76).

Examples of inclusive definitions of good STEM we have
collected include “works hard,” “works with others,” is “not
afraid to get the wrong answer,” is “able to explain.” One
professor said “I enjoy it when they’re naturally interested,
but that doesn’t have to be the case. The fun thing is taking
someone who has a fear, and who dislikes math, and at the
end of the semester they say ‘oh my God, this is amazing, |
never thought | could do this!” That’s a good student too.”

Ensuring students can finish STEM majors in 4
years. When a department regards good STEM students
as students who ask good questions, collaborate, and work
hard, suddenly there is a wider pool of exciting students to
teach. However, a major obstacle to completing a STEM
major is the ability to graduate within 4 years, particularly for
students who did not have the opportunity to take rigorous
AP classes. In response to this situation, our colleagues in
math designed a major that can be completed in 4 years
even if students start in Calculus I. This let them recruit
from both students who had not previously considered
math as a major and students from less-well-resourced
high schools. A professor told us that “sometimes we’ll get
students in Calc[ulus] who had maybe a weaker background,
never thought they were particularly good at math, and at
the Calculus | or Il levels | can usually judge by the sort of
questions they ask that have very deep answers that | can’t
even get into at the calculus | level, but | recognize is the
right sort of question that an abstract thinker would ask.
I've pulled students [aside]... | usually don’t push the math
major right away, | say they should take one more course. |
find that happens a lot [in this department]. | also find that
does not happen at a lot of schools. A lot of schools that have
well-known, historically strong math departments get almost
none of their majors out of their Calc[ulus] | classes, whereas
we get a lot.” The department has effectively leveled the
playing field for students to complete a mathematics degree.

Direct support for academic success. Redefining
good science students also creates an imperative to better
scaffold learning, in order to support engaged, curious
students with weaker high school preparation. Elliott and
colleagues redesigned a first semester introductory biology
curriculum in 2011 (with funding from the Lumina Founda-
tion) to incorporate more small-group work dealing with
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real-life examples of course content. This resulted in greater
than 70% of black and Latinx students passing the course
in the 2 years after the redesign, compared to the two
previous years which averaged a 54% pass rate. All students
in the course performed better after the redesign, with an
overall 86% pass rate for students in 2011, with previous
pass rates averaging 73%. This has been done at other
locations with similar successes (77—79). By breaking from
the traditional Socratic lecture model, the department was
able to encourage and support a wider range of students
in their studies.

Another element that supports widespread academic
success is to offer enrichment opportunities for students
outside of class time. At St. Mary’s College, we do this using
the ESP model. Emerging Scholars started at Berkeley as a
way to improve the calculus performance of students from
groups who are underrepresented in math; the model has
been adapted at many institutions (80—84). ESPs focus on
social integration of students and also on having students
work in groups to solve problems that are harder than those
they will encounter in their classes. We have offered ESPs
in math, computer science, biology, chemistry and physics.
Our ESPs are open to all students, but those from under-
represented groups (black and Latinx students; Pell-eligible
students; women students) are strongly encouraged to
participate. Black and Latinx participants in our computer
science ESP have higher grades and are more likely to con-
tinue to higher computer science classes (85). In biology,
professors have noted that ESP helps break down perceived
barriers between faculty and students; ESP students are
more willing to approach faculty outside of class and attend
office hours. The ESP cohorts often work together long
after the introductory class is finished. Implementing ESP
at SMCM took relatively few resources compared to the
gains in student retention: $25 per student per semester for
refreshments, and the time of a faculty member (or two) to
staff a 2-hour weekly seminar (0.5 total teaching credits for
a semester, the equivalent of a laboratory section).

Culture of support for all students. A supportive
environment can start at the level of the physical environ-
ment. At our institution, students work together in pleasant,
flexible public spaces. The norm in these spaces is for upper-
level students to welcome questions from students they do
not know. An upper-level math major remembers that when
she was in Calculus, “people were all really supportive, all
the majors and minors were willing to help.” Professors
with open doors are willing to answer questions about any
class, not just the classes they are currently teaching. A
student-driven initiative matches junior Biology majors with
first-year Biology students, which supports the first-year
students in acclimating to departmental expectations. The
next year, the sophomores then support their “big brother/
sister” during their senior thesis.

Cultural norms about working closely together can also
break down isolation. When asked if she ever thought about
being outnumbered in physics, a woman physics major said
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“now I've made friends with everybody and know everybody,
I’'m fine with it. But at first it’s intimidating.... It gets tiring
to be in an environment where people keep looking at you
repeatedly. Like you're different or kind of like you're a
sexual object. So | understand why people don’t want to
come into majors that are so male-dominated. [But now] it’s
not just a bunch of men—they’re people you know, who you
become friends with. So it’s not like intimidating anymore.”

We have seen that students embrace this push to col-
laborate. Another woman majoring in physics said of the
physics majors “If we're in the same classes we do work
together, if we're in different classes we try to help each
other.” A math major reported that “people don’t realize
that math is a really social major. When you think of math,

you think of going off in a corner and doing your work. But
if you come here at night, [the science building] is so busy.
| knew that if | pursued the math major, | would have the
necessary support. Teachers would care, and | would have
peers that are in the same boat as me.”

Cultural competence

Cultural competence means creating an environment in
which students can feel they belong and can be themselves.
This is crucial in STEM fields, which are haunted by the “lone
genius” and “white men in lab coats” stereotypes. As one
Physics professor put it: “The traditional methods that were
problematic—‘weed them out, produce someone that looks

TABLE 3.
A model to guide inclusive transformation in science and math departments.

Academic success
in these departments...

for students with weaker preparations
* Focus on students’ strengths
* Use active learning strategies

ways

This might include:

school preparation

Cultural competence

parts of their identities.
Professors in these departments...

This might include:

Critical consciousness

This means that they...

poor)

This might include:

In inclusive departments, a wide variety of students, provided they work hard, achieve success. Professors

* Recognize that STEM preparation is different from STEM aptitude and build pathways to success

* Use group work strategically (e.g., avoid isolating underrepresented students, give students specific
roles to prevent some students from being marginalized, prove structures to monitor group work)
* Structure their departments so that students can demonstrate engagement and mastery in multiple

* Redefining what promising science students look like
* Ensuring that science and math majors can graduate in 4 years
* Providing direct support for learning for all students, but especially for students without strong high

* Create a culture of collaboration among students

In inclusive departments, students do not experience a conflict between doing well in science and other

* Establish an environment where a wide variety of students feel they belong and can be themselves
» Take control of the culture of their departments (to prevent the culture from being shaped by bias,
intentional or not), but allow for student voice and buy-in

» Combatting the stereotype of scientists as lone geniuses and white men in lab coats
 Emphasizing that success in science and math results from practice and collaboration

In inclusive departments, professors think critically about the culture of science.

* Recognize that typical cultural norms of science departments benefit certain kinds of students (male,
white and Asian, affluent) while disadvantaging others (female, black, Latinx, and American Indian,

* Actively work to reduce the impact of bias, inequity, and disadvantage
* Are committed to collective, not just individual, success and empowerment

¢ Being willing to question the status quo in science
+ Finding that levels of critical consciousness grow over time
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like me, another physicist’ approach to our goal is problem-
atic if you're already starting with a bunch of white males as
the professors. Also the whole idea of—‘you’ve got to come
in with some innate talent’—‘the lone genius’—'‘let’s revere
Einstein and Feynmann’—that leads to people selecting
people who look like them.” Thus, if STEM faculty want to
maintain an inclusive department, they need to make take
on these stereotypes directly.

Faculty can combat the lone genius myth by indicating
in word and deed that doing well in STEM entails practice
rather than solitary innate talent. A math major told Johnson
“I've had professors say in class ‘this material is difficult,
it’s ok that you're uncomfortable with it now, you're not
supposed to get it right now, it takes a lot of time’'—hearing
them say things along those lines is very comforting.... Even
if | wasn’t understanding, it was OK and | wasn’t necessarily
in a bad place. That was something | definitely needed to
hear because | didn’t know that’s how it should be.” Without
this framing, students who know they are not geniuses may
feel they do not belong in STEM; in a previous study Johnson
conducted of 24 women of color majoring in biology and
other STEM fields, almost every one of them confided that
she sometimes feared she was the only person struggling
with the material (86). With this kind of private worry,
students cannot possibly feel they truly belong in STEM;
they cannot experience cultural competence. By contrast,
a black woman whose professors downplayed natural ability
and reached out energetically to her reported that “| felt
supported, intelligent” in this warm and rigorous setting.

This approach also promotes growth mindsets, the idea
that success comes from hard work, not innate ability (87).
Prior research has established the link between growth
mindset and performance and persistence in STEM majors,
particularly for underrepresented students (88, 89). A
professor explained how he and his department do this:
“We explicitly mention it, we’re emphasizing the discus-
sion and exploring, making it safe to make mistakes—doing
conceptual questions with clickers and having students talk
about it—a low-stakes environment, they see that there are
lots of other people who don’t fully grasp it, and through
working at it they collectively develop their understanding...
focusing on collaborative working, and explicitly scaffolding
and slowly removing the scaffolding.” Notice how these
approaches align with the inclusive definitions of academic
success we discussed above.

A model for inclusive departmental transformation

In Table 3, we bring together everything we have dis-
cussed in this article. We summarize the obstacles to and
effective strategies for building inclusive science and math
departments that we discussed in our review of the litera-
ture. We also include examples of what each component
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of this model might look like in practice, drawn from our
findings section.

Using this model to transform a science or math depart-
ment involves teaching in ways that may be very different
from the ways we as faculty originally learned our discipline.
It also requires instructors to think about problems within
the culture of science itself, a culture in which we, as aca-
demics, learned to succeed. This culture likely fits us well
and predominantly perpetuates success of people like us. As
one female math professor put it, “One of the factors that
| see on the math end is that we try really hard not to have
the competitive model of the major. My sense is that having
a competitive model is one of the things that tends to make
it less attractive to women. Mind you, this is another one
of those things that | view as ironic because | was insanely
competitive as an undergrad.” Nonetheless, transforming
our departments is the right thing to do if we are serious
about supporting increasing diversity and equity within our
fields. The material in STEM classes is challenging enough;
creating department cultures centered on academic success,
cultural competence, and critical consciousness is one way
to keep the culture itself from adding an extra, pointless
layer of challenge.

ACKNOWLEDGMENTS

The authors declare that they have no conflicts of interest.

I. National Science Foundation. 2016. Science and engineering
indicators. NSF, Arlington, VA.

2. Elliott SL. 2016. From the editor-in-chief: questions of gender
equity in the undergraduate biology classroom. ] Microbiol
Biol Educ 17:186—188.

3. Seymour E, Hewitt N. 1997. Talking about leaving. Westview
Press, Boulder, CO.

4. Estrada M, Woodcock A, Hernandez PR, Schultz PW. 2011.
Toward a model of social influence that explains minority
student integration into the scientific community. ] Educ
Psychol 103:206-222.

5. Rainey K, Dancy M, Mickelson R, Stearns E, Moller S. 2018.
Race and gender differences in how sense of belonging
influences decisions to major in STEM. Int ] STEM Educ 5:10.

6. Moss-Racusin CA, Sanzari C, Caluori N, Rabasco H. 2018.
Gender bias produces gender gaps in STEM engagement. Sex
Roles doi:10.1007/s11199-018-0902-z.

7. Brancaccio-Taras L, Pape-Lindstrom P, Peteroy-Kelly M,
Aguirre K, Awong-Taylor ], Balser T, Cahill M}, Frey RF,
Jack T, Kelrick M, Marley K, Miller KG, Osgood M, Romano
S, Uzman JA, Zhao ], Tomanek D. 2016. The PULSE vision
& change rubrics, version 1.0: a valid and equitable tool to
measure transformation of life sciences departments at all
institution types. CBE Life Sci Educ 15:ar60.

Journal of Microbiology & Biology Education 9

Downloaded from https:/journals.asm.org/journal/jmbe on 09 September 2021 by 173.44.96.110.



20.

21.

22.

23.

24.

10

JOHNSON & ELLIOTT: LADSON-BILLINGS’ MODEL FOR INCLUSIVE STEM

. Wieman C, Perkins K, Gilbert S. 2010. Transforming science

education at large research universities: a case study in
progress. Change Mag Higher Learn 42:6—14.

. Wilson ZS, McGuire SY, Limbach PA, Doyle MP, Marzilli

LG, Warner IM. 2014. Diversifying science, technology,
engineering, and mathematics (STEM): an inquiry into
successful approaches in chemistry. ] Chem Educ 91:1860—
1866.

Ballen CJ, Wieman C, Salehi S, Searle |B, Zamudio KR. 2017.
Enhancing diversity in undergraduate science: self-efficacy
drives performance gains with active learning. CBE Life Sci
Educ 16:ar56.

. Baynham PJ. 2010. Want to inspire science students to

consider a research career? Host a scientist in your classroom.
] Microbiol Biol Educ 11:62-63.

. Chamany K, Allen D, Tanner K. 2008. Making biology learning

relevant to students: Integrating people, history, and context
into college biology teaching. CBE Life Sci Educ 7:267-278.

. Siritunga D, Montero-Rojas M, Carrero K, Toro G, Vélez

A, Carrero-Martinez FA. 2011. Culturally relevant inquiry-
based laboratory module implementations in upper-division
genetics and cell biology teaching laboratories. CBE Life Sci
Educ 10:287-297.

Harackiewicz JM, Canning EA, Tibbetts Y, Giffen CJ, Blair SS,
Rouse DI, Hyde JS. 2014. Closing the social class achievement
gap for first-generation students in undergraduate biology. |
Educ Psychol 106:375-389.

. Jordt H, Eddy SL, Brazil R, Lau I, Mann C, Brownell SE, King

K, Freeman S. 2017. Values affirmation intervention reduces
achievement gap between underrepresented minority and
white students in introductory biology classes. CBE Life Sci
Educ 16: ar4l.

. Killpack TL, Melén LC. 2016. Toward inclusive stem

classrooms: what personal role do faculty play? CBE Life Sci
Educ 15:es3.

Tanner K. 2009. Learning to see inequity in science. CBE Life
Sci Educ 8:265-270.

. Chang MJ, Sharkness |, Hurtado S, Newman CB. 2014.

What matters in college for retaining aspiring scientists and
engineers from underrepresented racial groups. | Res Sci
Teach 51:555-580.

Lopatto D. 2007. Undergraduate research experiences
support science career decisions and active learning. CBE
Life Sci Educ 6:297-306.

Stolle-McAllister K, Sto. Domingo MR, Carrillo A. 2011. The
Meyerhoff way: how the Meyerhoff scholarship program helps
Black students succeed in the sciences. ] Sci Educ Technol
20:5-16.

Ladson-Billings G. 1995. But that’s just good teaching! Theory
Pract 34:159-165.

Ladson-Billings G. 1994. The dreamkeepers: successful
teachers of African American children. Jossey-Bass, San
Francisco, CA.

Ladson-Billings G. 1995. Toward a theory of culturally relevant
pedagogy. Am Educ Res | 32:465-491.

Brown-Jeffy S, Cooper JE. 2011. Toward a conceptual

Journal of Microbiology & Biology Education

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

framework of culturally relevant pedagogy: an overview of
the conceptual and theoretical literature. Teach Educ Q
38:65-84.

Ladson-Billings G. 2014. Culturally relevant pedagogy 2.0:
A.K.A. the remix. Harvard Educ Rev 84:74—-84.

Morrison KA, Robbins HH, Rose DG. 2008. Operationalizing
culturally relevant pedagogy: a synthesis of classroom-based
research. Equity Excell Educ 41:433-452.

Aronson B, Laughter ]. 2016. The theory and practice of
culturally relevant education: a synthesis of research across
content areas. Rev Educ Res 86:163-206.

Meckler L. 26 February 2019. Report finds $23 billion racial
funding gap for schools.Washington Post, Washington, DC.
https://www.washingtonpost.com/local/education/report-
finds-23-billion-racial-funding-gap-for-schools/2019/02/25/
d562b704-3915-11e9-a06c-3ec8ed509d15_story.
html?arc404=true&noredirect=on.

Ushomirsky N, Williams D. 2015. Funding gaps 2015: too
many states still spend less on educating students who need
the most. The Education Trust, Washington, DC.
Goldhaber D, Lavery L, Theobald R. 2015. Uneven playing
field? Assessing the teacher quality gap between advantaged
and disadvantaged students. Educ Res 4:293-307.

Orfield G, Kucsera ], Siegel-Hawley G. 2012. E Pluribus...
separation: deepening double segregation for more students.
UCLA: The Civil Rights Project/Proyecto Derechos Civiles,
Los Angeles, CA.

U.S. Department of Education Office for Civil Rights. 2014.
Civil rights data collection: data snapshot (college and career
readiness). U.S. Department of Education, Washington, DC.
Grissom JA, Redding C. 2015. Discretion and
disproportionality: explaining the underrepresentation of
high-achieving students of color in gifted programs. AERA
Open 2:2332858415622175.

U.S. Department of Education Institute of Education Sciences.
2017. Public high school 4-year adjusted cohort graduation
rate (ACGR), by selected student characteristics and state:
2010-11 through 2015-16. U.S. Department of Education,
Institute of Education Sciences, National Center for Education
Statistics, Washington, DC. https://nces.ed.gov/programs/
digest/d|7/tables/dt|7_219.46.asplcurrent=yes.

Shapiro D, Dundar A, Huie F, Wakhungu P, Yuan X, Nathan A,
Hwang Y. 2017. A national view of student attainment rates by
race and ethnicity — fall 2010 cohort (NSC Signature Report
no. 12b). National Student Clearinghouse Research Center,
Herndon, VA.

Losen D, Hodson C, Keith |, Michael A, Morrison K,
Belway S. 2015. Are we closing the school discipline gap?
Center for Civil Rights Remedies at the UCLA Civil Rights
Project/Proyecto Derechos Civiles, Los Angeles, CA. https:/
escholarship.org/uc/item/2t36g671.

Skiba R}, Horner RH, Chung C-G, Rausch MK, May SL, Tobin
T.2011. Race is not neutral: a national investigation of African
American and Latino disproportionality in school discipline.
School Psychol Rev 40:85.

Carter PL, Skiba R, Arredondo MI, Pollock M. 2017. You can’t

Volume 21, Number |

Downloaded from https:/journals.asm.org/journal/jmbe on 09 September 2021 by 173.44.96.110.


https://escholarship.org/uc/item/2t36g671
https://escholarship.org/uc/item/2t36g671

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Volume 21, Number |

JOHNSON & ELLIOTT: LADSON-BILLINGS’ MODEL FOR INCLUSIVE STEM

fix what you don’t look at: acknowledging race in addressing
racial discipline disparities. Urban Educ 52:207-235.
Hiemstra D, Van Yperen NW. 2015. The effects of strength-
based versus deficit-based self-regulated learning strategies
on students’ effort intentions. Motivation Emotion 39:656—
668.

Briggs CJ, Reis SM, Sullivan EE. 2008. A national view of
promising programs and practices for culturally, linguistically,
and ethnically diverse gifted and talented students. Gifted
Child Q 52:131-145.

Ford DY, Harris ]J, Tyson CA, Trotman MF. 2001. Beyond
deficit thinking: providing access for gifted African American
students. Roeper Rev 24:52-58.

Tanner K. 2013. Structure matters: twenty-one teaching
strategies to promote student engagement and cultivate
classroom equity. CBE Life Sci Educ 12:322-331.
Armbruster P, Patel M, Johnson E, Weiss M, Tomanek D.
2009. Active learning and student-centered pedagogy improve
student attitudes and performance in introductory biology.
CBE Life Sci Educ 8:203-213.

Barker LJ, McDowell C, Kalahar K. 2009. Exploring factors
that influence computer science introductory course students
to persist in the major. SIGCSE Bull 41:153—157.

Freeman S, O’Connor E, Parks W, Cunningham M, Hurley D,
Haak D, Dirks C, Wenderoth MP, Grossel M. 2007. Prescribed
active learning increases performance in introductory biology.
CBE Life Sci Educ 6:132—-139.

McConnell DA, Steer DN, Owens KD. 2003. Assessment and
active learning strategies for introductory geology courses. |
Geosci Educ 51:205-216.

Watkins |, Mazur E. 2013. Retaining students in science,
technology, engineering, and mathematics (STEM) majors. |
Coll Sci Teach 42:36—41.

Ladson-Billings G. 2008. Yes, but how do we do it?: practicing
culturally relevant pedagogy. City kids, city schools: more
reports from the front row,:162-177.

Tanner K, Allen D. 2007. Cultural competence in the college
biology classroom. CBE Life Sci Educ 6:251-258.

Smith KC, Cardenas A. 2012. Introducing multicultural science
into the chemistry curriculum in the Mexican-American
border region. ] Coll Sci Teach 41:30-35.

Yourstone SA, Kraye HS, Albaum G. 2008. Classroom
questioning with immediate electronic response: do clickers
improve learning? Decis Sci ] Innov Educ 6:75-88.

Lyon DC, Lagowski JJ. 2008. Effectiveness of facilitating small-
group learning in large lecture classes. | Chem Educ 85:1571.
Trujillo G, Tanner KD. 2014. Considering the role of affect in
learning: monitoring students’ self-efficacy, sense of belonging,
and science identity. CBE Life Sci Educ 13:6—15.

Cohen EG. 1994. Restructuring the classroom: conditions
for productive small groups. Rev Educ Res 64:1-35.

Eddy SL, Brownell SE, Thummaphan P, Lan M-C, Wenderoth
MP. 2015. Caution, student experience may vary: social
identities impact a student’s experience in peer discussions.
CBE Life Sci Educ 14:ar45.

Wilson K], Brickman P, Brame CJ. 2018. Group work. CBE

57.

58.

59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Life Sci Educ 17:fel.

Seidel SB, Reggi AL, Schinske JN, Burrus LW, Tanner KD.
2015. Beyond the biology: a systematic investigation of
noncontent instructor talk in an introductory biology course.
CBE Life Sci Educ 14:ar43.

Grunspan DZ, Eddy SL, Brownell SE, Wiggins BL, Crowe
AJ, Goodreau SM. 2016. Males under-estimate academic
performance of their female peers in undergraduate biology
classrooms. PLOS One 11:e0148405.

Cooper KM, Krieg A, Brownell SE. 2018. Who perceives they
are smarter! Exploring the influence of student characteristics
on student academic self-concept in physiology. Adv Physiol
Educ 42:200-208.

Braun DC, Gormally C, Clark MD. 2017. The deaf mentoring
survey: a community cultural wealth framework for measuring
mentoring effectiveness with underrepresented students.
CBE Life Sci Educ 16:arl0.

Aikens ML, Sadselia S, Watkins K, Evans M, Eby LT, Dolan
EL. 2016. A social capital perspective on the mentoring of
undergraduate life science researchers: an empirical study
of undergraduate—postgraduate—faculty triads. CBE Life Sci
Educ I5:arlé.

Haeger H, Fresquez C. 2016. Mentoring for inclusion: the
impact of mentoring on undergraduate researchers in the
sciences. CBE Life Sci Educ 15:ar36.

Leslie §J, Cimpian A, Meyer M, Freeland E. 2015. Expectations
of brilliance underlie gender distributions across academic
disciplines. Science 347:262-265.

Moss-Racusin CA, Dovidio JF, Brescoll VL, Graham M|,
Handelsman J. 2012. Science faculty’s subtle gender biases
favor male students. Proc Natl Acad Sci 109:16474—16479.
Harrison C, Tanner KD. 2018. Language matters: considering
microaggressions in science. CBE Life Sci Educ 17:fe4.
Johnson A, Ong M, Ko L, Smith J, Hodari A. 2017. Common
challenges faced by women of color in physics, and actions
faculty can take to minimize those challenges. Phys Teach
55:356-360.

LeCompte M, Shensul J. 1999. Designing and conducting
ethnographic research, vol |. Altamira Press, Walnut Creek,
CA.

Spradley J. 1979. The ethnographic interview. Hold, Rinehart
and Winston, New York.

Spradley J. 1980. Participant observation. Holt, Rinehart and
Winston, New York.

Antti S, Philip S. 2002. The force concept inventory: a tool
for monitoring student learning. Phys Educ 37:45.

Hestenes D, Wells M, Swackhamer G. 1992. Force concept
inventory. Phys Teach 30:141—-158.

Savinainen A, Scott P. 2002. The force concept inventory: a
tool for monitoring student learning. Phys Educ 37:45.
National Science Foundation, National Center for Science
and Engineering Statistics. 2019. Women, Minorities, and
Persons with Disabilities in Science and Engineering: 2019.
Special report NSF 19-304. NSF, Alexandria, VA.
Barthelemy RS, McCormick M, Henderson C. 2016. Gender
discrimination in physics and astronomy: graduate student

Journal of Microbiology & Biology Education 11

Downloaded from https:/journals.asm.org/journal/jmbe on 09 September 2021 by 173.44.96.110.



75.

76.

77.

78.

79.

80.

8l.

82.

JOHNSON & ELLIOTT: LADSON-BILLINGS’ MODEL FOR INCLUSIVE STEM

experiences of sexism and gender microaggressions. Phys
Rev Phys Educ Res 12:020119.

Hill C, Corbett C, St. Rose A. 2010. Why so few? Women in
science, technology, engineering, and mathematics. American
Association of University VWomen. www.aauw.org/research/
why-so-few/.

Copur-Gencturk Y, Cimpian JR, Lubienski ST, Thacker I. 2019.
Teachers’ bias against the mathematical ability of female,
black, and hispanic students. Educ Res doi:10.3102/0013189
X19890577:0013189X19890577.

Eddy SL, Hogan KA. 2014. Getting under the hood: how and
for whom does increasing course structure work? CBE Life
Sci Educ 13:453-468.

Freeman S, Haak D, Wenderoth MP. 2011. Increased course
structure improves performance in introductory biology.
CBE Life Sci Educ 10:175-186.

Haak DC, Hille Ris Lambers |, Pitre E, Freeman S. 2011.
Increased structure and active learning reduce the
achievement gap in introductory biology. Science 332:1213—
1216.

Asera R. 2001. Calculus and community. The College Board,
New York.

Moreno S, Muller C, Asera R, Wyatt L, Epperson J. 1999.
Supporting minority mathematics achievement: the emerging
scholars program at the University of Texas at Austin. ]
Women Minorities Sci Engineer 5:3-8.

Fullilove R, Treisman U. 1990. Mathematics achievement

Journal of Microbiology & Biology Education

83.

84.

85.

86.

87.

88.

89.

among African American undergraduates at the University
of California, Berkeley: an evaluation of the mathematics
workshop program. | Negro Educ 59:463-478.

Murphy T, Stafford K, McCreary P. 1998. Subsequent course
and degree paths of students in a Treisman-style workshop
calculus program. ] Women Minorities Sci Engineer 4:381-396.
Treisman U. 1992. Studying students studying calculus: a look
at the lives of minority mathematics students in college. Coll
Math | 23:362-372.

Jamieson A, Jamieson L, Johnson A. 2012. Application of
non-programming focused treisman-style workshops in
introductory computer science. SIGCSE 12: Proceedings of
the 43rd ACM Technical Symposium on Computer Science
Education. doi:10.1145/2157136.2157219:271-276.

Johnson A. 2007. Unintended consequences: how science
professors discourage women of color. Sci Educ 91:805-821.
Dweck C. 2006. Mindset: the new psychology of success.
Random House, CITY, ST.

Fink A, Cahill MJ, McDaniel MA, Hoffman A, Frey RF. 2018.
Improving general chemistry performance through a growth
mindset intervention: selective effects on underrepresented
minorities. Chem Educ Res Pract 19:3. doi:10.1039/
C7RP00244K.

Hernandez PR, Schultz P, Estrada M, Woodcock A, Chance
RC. 2013. Sustaining optimal motivation: A longitudinal
analysis of interventions to broaden participation of
underrepresented students in STEM. ] Educ Psychol 105:89.

Volume 21, Number |

Downloaded from https:/journals.asm.org/journal/jmbe on 09 September 2021 by 173.44.96.110.


http://www.aauw.org/research/why-so-few/
http://www.aauw.org/research/why-so-few/

