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Abstract

This article looks broadly at the critical aspects involved in the “struggle” on different phases
of one’s academic life in order to observe how underrepresented girls take a variety of
experiences with scientists and internalize them into their personal science identities. Some of
the central struggles discussed are perceptions of scientists at crucial developmental times in
relation to formal schooling. How do underrepresented girls feel in the science classroom?
How do underrepresented girls feel with a teacher who is not their same race? Or a school
that is dominated by white students and white teachers? How do underrepresented feel when
textbooks favor White scientists and their accomplishments? An analysis about the
understanding of how girls interpret “the struggles” at varying points of their lives introduces
the importance of a multidimensional approach to understanding student perceptions of
scientists and science is presented. This chapter will also the power of role models as a means
of embracing the struggles underrepresented girls go through. As girls experience mentor
scientists to shape their perception of those who pursue careers in science and what it is that
scientists do.
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1. Introduction

All children enter the education system with gender race and biases of their own based on
their past experiences. These become part of their science identity from the youngest of ages.
What follow is an excerpt from Noah the Little Scientist:

Noa is an average 6-year-old girl in the first grade. She has a mother and a father. Noa

114 www.macrothink.org/jei



ISSN 2377-2263

\ M acrothink Journal of Educational Issues
A Institute ™ 2015, Vol. 1, No. 1

loves to read, write and explore the world. Her goal in life is to be a scientist and
discover something great. Getting to school is an important part of doing well. This is
why she gets up early, eats breakfast, and makes it to school on time. Her breakfast each
morning before school is usually the same. Noa has something lightlike toast and fruit
with a small cup of juice. On some mornings, Noa's mom will cook her a hot breakfast.

Shenell Bolden (2010) decided to write Noah the Little Scientist after being interviewed for a
book focused on black women in the sciences. Because black women in science careers are
rare, Bolden was asked to discuss her journey in school and why she stayed the difficult
course in STEM pipeline, when so many others do not. Bolden wanted to influence girls who
look like her not to be afraid to go into a science career and understand that there is no limit
to what one can accomplish. She calls it “embracing the struggle”.

2. Literature Review

The double jeopardy argument assumes an additive effect on two statuses —being female and
being of a race that is underrepresented, Hispanic, and African American, etc. The tendency
in science research has been to look at women or minorities and not examine variation within
these groups. The additive argument does not acknowledge the fact that gender and race
might interact to affect science outcomes in a positive way. Research on gender has primarily
focused on the difference between girls and boys, with little focus on subgroups of women
(Hanson, 2009). Hanson and Palmer-Johnson (2000) and Mau, Domnick, and Ellsworth
(1995) concluded that not all women have the same experiences in science education and
occupations. In fact, some data suggest that African American women are particularly
interested in science, sometimes more so than their white counterparts (Hanson &
Palmer-Johnson, 2000; Hansen, 2004).

The National Science Board publishes the most current data on trends in science and
technology in the United States (National Science Board, 2014). In order to focus on
underrepresented women, we must first look at the broad picture of women’s representation
in Science & Engineering (S&E) fields. Women remain underrepresented in the S&E
workforce, although to a lesser degree than in the past. For example, from 1993 to 2010,
growth occurred in both the proportion of workers with a highest degree in an S&E field who
are women (increasing from 31% to 37%) and the proportion of women in S&E occupations
(increasing from 23% to 28%) (National Science Board, 2012).

It appears that as a country we are making progress attracting girls to high-level science and
math courses (National Center for Education Statistics, 2009). Girls have also made gains in
terms of performance when compared with boys at middle and high school levels (National
Center for Educational Statistics, 2010). The National Center for Statistics (2009) shared
these promising results, considering years of gender gap in the educational attainment of
women, however, the number of girls who are training to become scientists and engineers
remains low (30%), while the number of jobs requiring science and engineering is growing.
This suggests the problem may be deeper than merely selecting science courses or
performing as well as boys on standardized tests, it suggests that young girls have especially
vulnerable identities, and may believe that in order for someone to pursue a career in science
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they must identify with or possess negative stereotypical characteristics long before a career
is formally considered.

National Science Board (2012) reveal that some gaps concerning Advanced Placements (AP)
courses narrowed somewhat during the relatively short period of time from 2009 to 2011. The
white-black gap decreased from 36 to 34 points. The white-Hispanic gap fell from 30 to 26
points. The proportion of male and female students in the class of 2012 taking mathematics
and science exams varied by subject. It becomes even more interesting when you start to
exam students involved in Advanced Placements Courses. Black and Hispanic students were
underrepresented among AP exam takers. Male students were more likely than female
students to take advanced AP courses, including calculus BC (59% versus 41%), physics B
(65% versus 35%), and both physics C courses (about 75% versus 25%). However, Female
students were more likely than male students to take AP exams in biology (59% versus 41%)
and environmental science (55% versus 45%). Black students made up about 15% of the
2012 graduating class, but they represented less than 8% of students taking any AP
mathematics or science exam. Hispanic students made up about 18% of the class of 2012, but
their representation among AP exam takers ranged from a high of 15% for environmental
science to a low of 8% for calculus BC and 7% for physics C: electricity/magnetism. The gap
between low- and high-performing students dropped from 89 to 87 points.

Performance disparities in mathematics and science were evident among different
demographic groups at grades K, 4, and 8. Some score gaps narrowed over time, however. At
grades K, 4, and 8, students from low-income families or homes where the primary language
used was not English had lower mathematics and science scores than their peers from more
advantaged backgrounds (National Science Board, 2012). Black, Hispanic, and American
Indian or Alaska Native students performed substantially lower than their white and Asian or
Pacific Islander counterparts. Gender differences in achievement were generally small and
favored boys in most cases. Among black students, however, girls performed better. Some
gaps in mathematics narrowed over time at grade 4. Between 1990 and 2011, the score gaps
decreased between white and black students (from 32 to 25 points) and between low- and
high-performing students (i.e., at the 10th and 90th percentiles) (from 82 to 73 points)
(National Science Board, 2012).

Despite these improvements, girls are not navigating their ways into science careers. The
problem occurs when girls, at a young age, form perceptions about the human aspects of the
sciences that are narrow and limiting, and, as a result, are unable to identify with science
professions (Buck et al., 2007). Unfortunately, this results in young girls who are qualified
and capable becoming discouraged from considering science fields.

The most vulnerable population continues to be middle-school girls, as they are especially
sensitive when constructing their own identities. It appears that negative perceptions surface
in the fifth through eighth grades, often times limiting girls’ pursuit of career choices in the
areas of science and technology (Erb, 1981). For example, in the U.S. many students,
especially females, choose to end their study of science after one or two years of required
courses (Scantlebury & Kahle, 1993). We know that girls are unlikely to begin to value
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activities that do not match either their social identities or their personal identities (Buck et al.,
2007). Therefore, it is important to consider the conditions in which girls begin to “like”
science and value its members (scientists). Brickhouse and Potter (2001) identified that
having a science or technology-related identity does not mean that one will necessarily
succeed in school. If that science-related identity does not also reflect the values of the
school-mediated engagement, or if the students do not have access to the resources they need
to do well in science, they may not succeed.

2.1 Science Identity

Gender is one important part of identity, but not the only part. One’s science identity, as
defined by Carlone (1994) demonstrates competent performance in relevant scientific
practices with deep meaningful knowledge and understanding of science, and recognizes
oneself and gets recognized as a science person by others. The construction of this identity
requires the participation of others as it is constructed socially within communities of practice
(Tan & Calabrese Barton, 2007). Lave and Wenger (1991) concur students develop identities
through engaging with the practices and tasks of the science class upon entering a community
of practice such as the science classroom. Learning science in this community then becomes
“a process of becoming to be, of forging identities in activity” (Lave & Wenger, 1991: p. 3).

A person’s identity is always in continuous development, even if a person has relatively
stable perception of “who” one is. For example, Giddens (1991) discussed the circumstances
of new knowledge and new experiences, people constantly reconsider and redevelop their self.
Some choices people make and are continuously made and remade on a daily basis might be
clothing, physical appearance, leisure activities, music, sports, sexuality and beliefs (Giddens,
1991). How does this relate to the science classroom? As underrepresented girls encounter
school and the context of the classroom they are defining and expressing themselves by
subject preference and classroom behavior (Lyng, 2004). Carlone and Johnson (2007) view
science identity as how women make meaning of science experiences and how society
structures those possible meanings. The community of practice is dependent on
environmental factors inherent within that community as it is accepted that these identities
are fluid and subject to change.

According to Brickhouse and Potter (2001) having a science or technology-related identity
does not mean that one will necessarily succeed in school, if that science-related identity does
not also reflect the values of the school-mediated engagement or if the students do not have
access to the resources they need to do well in science. However, successful participation in
school science, despite the lack of resources in a home environment, can be better facilitated
when students have a science-related identity they can draw upon. If science identity in
consideration of attitudes, feelings, and intellect is embedded within a particular context, such
as a community of practice, the term personal science identity is based on the introspective
nature of one’s science identity or the internal interactions within oneself, as defined by the
Farland-Smith (2009). One’s personal science identity is embedded within his or her science
identity of his or her identities-in-practice. The identities-in-practice is the result of the
external features one can see, such as classroom participation, etc. The personal science
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identity is deeper in magnitude, and is the sum of all experiences in science. One way in
which this internalization is communicated is through the pictures girls draw about scientists.
It is important to discriminate between science identity and personal science identity, the
difference being internal reactions versus external actions. Identity construction is composed
of science identity that is exhibited and revealed to others in a social setting. One’s personal
science identity may never be fully revealed to others, because it houses all the experiences
with science and scientists. The likes and dislikes, whether they have an opportunity to rise to
the surface or not, are dependent upon the community of practice and opportunities, including
a person’s self-efficacy and comfort level with science. For example, a female may like
something and not know why or what situation informed her choice.

All students engage in identity work while participating in science, whether purposefully or
not (Tan et al., 2013). According to Tan et al. (2013) this identity work of young girls in
science is grounded in both the positions individuals are assigned (or take on) as well as the
tools, relationships and practices available within the communities where they engage
science.

2.2 Stereotypic Threat

Similar to the larger literature on minorities and education systems, there is evidence that the
“stereotype threat” works against young minorities in the sciences (Swarat et al., 2004). Thus,
young African American women’s responses to negative stereotypes about the abilities of
women and African Americans in science might be daunting and sometimes deliberating
factor in their pursuit of science (Hanson, 2009). In math, one possible explanation for some
persistence of the gender gap is directly related to this phenomenon (Steele & Aronson, 1995).
According to this idea in relation to math performance, a women’s abilities are disrupted
under in this environment not because they lack talent for the subject but because they feel
threatened by the possibility that their performance will confirm the negative stereotype
associated with that group (Cadinu et al., 2011). However, stereotypic threat can also work
the other way, Carlone (2004) reported that in a study with upper middle class girls who were
mostly concerned with accessing and maintaining a good student identity (rather than
connecting to science in any meaningful way) and resisted promoted meanings of science and
scientist that they perceived as threatening to their good student identities. For science
instruction, the National Science Board (2012) frequently cited problems included inadequate
funds for purchasing equipment and lack of science facilities. At the elementary level, more
than one-quarter of program representatives reported insufficient time to teach science as a
serious problem for science instruction.

3. Struggles of Science Identity Construction during Early Childhood Years

Underrepresented females from the youngest ages face a struggle in which they must
negotiate without even being aware. Young people are absorbing all kinds of the education
system’s messages about race and gender (Hanson, 2009). There is substantial evidence that a
mother’s educational and occupational resources have an impact on daughter’s behaviors and
aspirations (Mau et al., 1995). This influence may be stronger in black versus white (Maple &
Stage, 1991). White women are two times as likely to have a mother with a college education
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and to have a father in a professional occupation. Surprisingly, there is no difference between
the two groups of young women on whether their mothers workers in a professional
occupation. When a mother has a college degree it increases the odds that her daughter will
have science in college. For example, parents may reinforce the belief that science is a male
subject by explicit messages i.e., comments regarding gender abilities or their own past
abilities. However, they are also sending implicit messages about in their purchases of toys
and games (Tomasetto, Alparone, & Cadinu, 2011). Therefore, books like Meet Noa as
described in the earlier part of this chapter are created to convince underrepresented girls
from the youngest of ages that they can be scientists.

Regrettably, many students at an early age form perceptions of scientists and science that are
narrow, inappropriate and inaccurate (Barman, 1997; Chambers, 1983; Finson, 2002; Fort &
Varney, 1989; Mead & Metraux, 1957; Schibeci &Sorenson, 1983). Chambers (1983)
revealed that older elementary students included more indicators of stereotypical images in
their illustrations, than did five- to seven-year-olds, suggesting that by fourth and fifth grades,
students already have formed their limited views of who a scientist is. These inaccurate views
of scientists are widely held by students from elementary through secondary school (Barman,
1996; Chambers, 1983). L. D. Newton and D. P. Newton (1998) found in six years of
research with having children draw pictures of scientists that the stereotypical, male images
of white men in the laboratory increased with age. Therefore, the most females and most
minorities portrayed in the pictures are drawn at the youngest of ages, meaning the pictures
that portray the least stereotypes are drawn by the youngest children (Farland, 2006). In the
examination of gender differences, only girls draw female scientists and the majority of the
female scientists are drawn by Kindergarten to second grade students, meaning children are
less aware of the gender stereotypes associated with scientists at the youngest of ages
(Farland, 2006). Parents, teachers and school administrator shave unknowingly provided
experiences for children that lead them away from, rather than toward, rich and rewarding
experiences in science (Farland-Smith, 2009).

4. Struggles of Science Identity during Middle School Years

Underrepresented females in middle school face a different struggle, one in which they begin
limiting their personal career choices (as early as fifth grade) in the areas of science and
technology (Erb, 1981). This is because during this time of adolescence girls are developing
their identities and they either accept or reject because their identities are in continuous
development and constantly change as they reconsider and redevelop themselves (Giddens,
1991). It is commonly accepted that students categorize occupations based on gender, which
affects the range of possible careers from which they choose (Gettys & Cann, 1981). Several
studies have found that students’ subject interest is the key factor in educational choices, like
selecting a career (Angell Henriksen, & Isnes, 2003; Lindahl, 2003). However, we also know
that just because someone is interested in a subject it does not mean that they will necessarily
select that subject as a career, especially young women (Storen & Arnesen, 2003). Several
researcher have found that in science education, girls, especially non-White girls do not
identify with science even if their achievement is high (Archer et al., 2013; D. Sadker, M.
Sadker, & Zittleman, 2009). And so the importance of understanding the complexities and
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formation of girls’ science identity is critical.
5. Struggles of Science Identity during High School Years

Underrepresented females in high school face a different struggle, one in which they must
negotiate being “invisible” in science classes. The more masculine stereotyped the course is,
the greater the probability that girls will avoid participation or exhibit poor performance
(Brickhouse, Lowery & Schultz, 2000). Many authors referred to this reality of being
invisible as ‘alienation’. For example, peer pressure and feedback are particularly relevant
given the focus on science education in the high school years. It is during this time that the
young person is forming their identity and feedback from peers is one of the strongest
influences for youth. It is this identity and feedback from peers that is one of the strongest
influences for youth. It is this identity (so heavily influenced by the attitudes and feedback of
peers that will be an important element in predicting success or failure in school science
(Sadowski, 2003). They really don’t talk about black scientists unless it’s black history month,
and if you go to school where there’s mostly whites in your class how are you supposed to
feel like you belong?

Some girls like science but make it clear they would not like a career in science. Some have
argued that since women perform less well in science than men, and minorities do less well
than whites, there will be a double disadvantage for you African American women in science
(Clewell & Anderson, 1991; Cobb, 1993; Vining Brown, 1994). Findings from NELS data
show that in the area of science course-taking, there are often no differences between white
women and African American women. Where there are differences there tends to be an
African American advantage. Although data on science achievement shows a clear white
advantage on most indicators, eight years out of high school the African American women are
more likely to report a job in science. Similarly, findings on science attitudes show a
distinctly positive attitude toward science on the part High School underrepresented females
in science majors face a different struggle, one in which they must negotiate being “invisible”
in science classes. Hanson (2009) noted the strong interest in science shown by young
African American women that was discovered in earlier research (Hanson, 1996; Hanson &
Palmer-Johnson, 2000). Textbooks and teachers focus mainly on science knowledge and
inventions created by white scientists. Hence, they are seldom made aware of the
contributions of African Americans (much less African American women) in science
(Ovelton Sammons, 1990; Von Sentima, 1985). Role modeling, self-confidence building, and
providing a sense of belonging are also important for minority youth in the science classroom
(Hoyte & Collett, 1993). Many of these strategies are not normal parts of high school or
undergraduate science classes and programs. Yet these strategies, together with a diverse
faculty and a school system that encourages faculty development on these issues, are key to
promoting success for racial minorities in the science classroom (Hoyte & Collett, 1993).

6. Struggles of Science Identity during Undergraduate and Graduate Years

Undergraduate underrepresented females in science majors face a different struggle, one in
which they must negotiate a culture characterized by white masculine values (Eisenhart &
Finkel, 1998; Johnson, 2001; Nespor,1994; Carlone & Johnson, 2007). For example, Carlone
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and Jonson (2007) discussed women'’s talk is affirmation-seeking and giving; when women
do not receive affirmation, interaction may be strained, uncomfortable, and or alienating
(Eckert & McConnell-Ginet, 2003; Tannen, 1994). At this level, the professor’s silence,
whether intended or not, could be interpreted as a masculine test, requiring credible
performance in the absence of this feedback or affirmation (Carlone & Johnson, 2007). Glenn
(2004) in research about cross-gender communications support the motion of silence playing
a masculine testing role. Russell and Atwater (2005) found that strong pre-college science
experiences, family support, teacher encouragement, intrinsic motivation, and perseverance
were all critical factors in underrepresented men and women success.

7. Discussion

Attracting underrepresented women in science is not a new idea. We have long since known
that once we lose girls become disinterested in science, they tune out possibilities for
science-related careers. Perhaps what we did not realize before now, is the many struggles
underrepresented girls face throughout their academic career. For example, take Noa, if
someone has a healthy perception at age 6 will it remain intact when self-selecting careers
during the middle school years? If it does, will it remain healthy and vibrant if silenced and
alienated in high school classrooms? Many researchers discuss one struggle, as an excursion,
but when in reality, many underrepresented girls face many struggles at various stages. This
chapter looks across those stages to pose some important questions. By analyzing research
that is organized to examine many years of one’s life (like the ages 6-36), we see there are
many struggles women, especially underrepresented women encounter and if they overcome
the current struggle there is yet another lurking at the next developmental stage of their
academic career. Could it be that underrepresented women become downtrodden by the
consistent attacks against their science identity? Or is it that they get strengthened by these
attacks and more resilient? If women, including underrepresented women do not encounter
positive role models of positive teachers in science, they are much less likely to fathom a
career in science, because they do not want to fit into the stereotype. Thus, suggesting the
impact role models can make on an underrepresented girls’ science identity. Pearson (1986)
notes that many white teachers have never seen African American scientists and engineers.
African American students have few role models in science, since they may not have access
to African American science teachers (or African American scientists in the curriculum).
African American students have few role models at school and are especially important for
African American youth given the fact that many do not have parents and relatives were
scientists (Thomas, 2007).

The data collected over four years at a summer science camp suggest guiding educators
towards selecting, preparing, and maintaining successful interactions between middle-school
girls and working scientists (Farland-Smith, 2009). A science camp was demonstrated as an
established transformative experience for young female students, broadening their
perceptions about scientists (Farland-Smith, 2009). For example, at a five-day summer camp
designed for middle-school girls (N = 50), fifth through ninth-grade students were able to
identify with individual scientists and learn more about the science field. Data from the girls’
journals, pictorial representations, and field notes demonstrated that these young women
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related to scientists who actively engaged them in hands-on, problem-based activities and had
a sense of humor while doing so. Girls closely identified with science fields that offer an
opportunity for travel and for interaction with animals. In addition, it is evident that the girls’
personal and social interactions shaped their perceptions of scientists and helped them
internalize their experiences as members of a science community in relation to their overall
science identities (Farland-Smith, 2012).

Carlone and Johnson (2007), and Lewis (2003) agree that the nature of science identity is
socially constructed, an aspiring scientist looks up and to practicing scientists. The argument
is that it is difficult for underrepresented groups to see science positively and aspire to
science professions when content and illustrations in science texts focus mainly on whites.
One of the most important factors in discouraging minority youth in science involves teachers
and teaching styles (Hanson, 2009). Lack of women scientists in the classroom and textbooks
must be addressed and interactions with actual scientists can help young women as their
personal science identities are forming.

Despite these difficulties and variations on different periods of one’s academic life, many
women of color persist and, at times, thrive in science. The notion that an individual’s science
identity is not predetermined and fixed lets us consider science identity across time and
contexts. Students, in this case underrepresented girls, are not passive recipients of her life’s
conditions with little consideration for how they might creatively position themselves within
and against those positions. The identity lens allows us to have different conversations about
science learning at different phases of underrepresented girls’ educational careers and to ask
questions about the kinds of people promoted and marginalized by science environments at
different points of their lives. The status quo of the dominant culture in which white middle
class males dominate is no longer culturally relevant. Attracting underrepresented females to
science is sort of like anti-bullying campaigns, if we want to create a culture without bullying
we must focus on what we want- kindness. In the case of underrepresented women in science
we must focus on little girls like Noa, who are accepted as scientists from the youngest of
ages.
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