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ABSTRACT 
  

 Currently in the United States jobs abound in science, technology, engineering and math 

(STEM). Yet, women remain an underrepresented demographic both in university STEM 

degrees and careers. This study sought to understand constraints to the participation of young 

women in geoscience learning. Twenty-one girls in the sixth through eighth grades participated 

in a six-week study, which featured informal geoscience experiences. Three research questions 

guided the study: (1) What are girls’ standpoints on “science”? (2) How might the Girl Scouts 

offer an alternative environment for learning and doing science while at the same time allowing 

them to be scientists? (3) How might this Girl Scout experience transform the ways girls engage 

with geoscience? The study employed a transformative mixed method approach involving 

quantitative and qualitative data generation tools including the CLES, the DAST, 

autobiographical writing, photonarratives, and researcher analytic memos. The study results are 

reported through three key phases of data generation. Phase 1 categorizes the girls as those 

having positive, negative and neutral science perceptions. Phase 2 explores the girls underlying 

science stories. Phase 3 highlights the girls’ transformative narratives. Results of this study 

contribute significant insights about the subtle stances of young girls in [geo]science learning 

and how engaging their voices to critique their science learning experiences can open up their 

agentic possibilities to take up participation in science. 
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CHAPTER 1 
 

INTRODUCTION 
 

 
Review of Trends Relevant to the Study 

Jobs abound in the science, technology, engineering, and mathematics (STEM) sectors in 

the United States, with an estimated 200,000 vacancies in engineering alone (Hall, Dickerson, 

Bats, Kauffmann & Bosse, 2011). According to Adecco Engineering and Technical (2014), there 

are currently 277,000 STEM job vacancies at all educational levels, and by 2018 it is projected 

that 2.4 million STEM positions will remain unfilled in the United States. Milgram (2011) 

reported that despite recent economic downturns, STEM field careers have grown three times as 

fast as non-STEM careers. A stark trend has emerged in light of these job openings, noting that 

universities have had great difficulties producing students interested in pursuing STEM careers 

(Beggs, Bantham, & Taylor, 2009; Hall et al., 2011; Kuchler, McLeod, & Simkin, 2009) despite 

the availability of jobs. The National Research (NRC) report, Is America Falling Off the Flat 

Earth? (2007) conveyed “leakage along [the] extended educational highway” stating that: 

about one-third of US eighth-graders do not receive a high-school diploma. And 
of those who do, about 40% do not go on to college. About half who do begin 
college do not receive a bachelor’s degree. Of those who do receive such a 
degree, two-thirds will not be in science or engineering. (p. 24) 
 

The resultant is increasingly fewer American STEM graduates with the skills necessary to 

compete in the global market (Moakler & Kim, 2014). 

 It may be somewhat difficult to grasp the severity of the issues, when we deal with 

percentages of the hundreds of thousands of students that participate in science and engineering, 
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so another way to view this trend is to apply the numbers reported by the NRC 2007 report to a 

hypothetical set of one hundred eighth graders to bring it into perspective (Figure 1). If we begin 

with these one hundred eighth graders, about two-thirds or 66.67 total students will receive a 

diploma from high school. Of those 66.67 who receive their high school diploma, 60% or 40 out 

of the original 100 would go to college, and only 20 will receive a Bachelor’s degree. Finally, of 

the 20 Bachelor’s degrees awarded, only one-third, or 6.67 of the original 100 students will be 

awarded a Bachelor’s Degree in STEM. 

 
Figure 1. Example of the “leakage” seen along the educational highway of students 
in pursuit of a STEM degree. Modified after NRC report, Is America Falling Off the 

Flat Earth? 

 
Within this pool of fewer American STEM Bachelor’s degrees is a consistent trend of 

women choosing not to pursue careers in STEM, despite the efforts to steer women towards 

these career choices (Fouad, 1995; Moakler, Jr. & Kim, 2014). Interestingly, research has 

100 Eighth Graders ~2/3  Receive High 
School Diploma 

Those going on to 
College 

Those Receiving a 
Bachelor’s Degree 

Those Receiving Science/
Engineering Degree 
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persistently indicated that simply being a woman is a strong negative predictor for associations 

with STEM (Betz & Hackett, 1981; Fouad, 1997; Moakler, Jr., & Kim, 2014), thus women 

remain an underrepresented demographic in STEM, especially in science and engineering. 

 In the National Science Foundation (NSF) report Science and Engineering Degrees: 

1966-2010, it was noted that in 2010, 525,374 Bachelor’s degrees, 139,926 Master’s degrees, 

and 33,141 Doctoral degrees were awarded in science and engineering (NSF, 2010, p. 5; Figure 

2). Of the degrees awarded, women actually earned approximately 3300 more Bachelor’s 

degrees than men (50.3 % Bachelor’s level females; NSF, 2010, p. 7). Focusing on the 

Bachelor’s degrees and extrapolating the data to the hypothetical one hundred eighth graders 

discussed above, the NSF study indicates 3.35 females and 3.31 males actually get a Bachelor’s 

degree in STEM. It is only when one considers each division of STEM majors that the true 

impact of the leakage is seen, especially among women in the geosciences. 

 

Figure 2. Science and engineering degrees awarded by gender. From NSF Science 
and Engineering Degrees: 1966-2010. 
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The Status of Women in the Geosciences 

Trends highlighting underrepresentation of women in STEM are seen throughout almost 

all sciences and engineering fields. In their discussion of these trends, the NSF (2010) subdivided 

science and engineering degrees into the following seven categories: (1) biological and 

agricultural sciences, (2) mathematics and computer sciences, (3) physical sciences, (4) 

psychology, (5) social sciences, (6) engineering, and (7) earth, atmospheric, and ocean sciences 

degrees. The focus of this study features the last category and is referred to as degrees in 

geoscience. The subdivision of degrees by field shows that geoscience has the least 

representation among all degree types awarded. Only 4,802 Bachelor’s degrees in geoscience 

were awarded in 2010 (Figure 3), which would correspond to only 0.91% of the original 525,374 

Bachelor’s degrees. Only 39.3% of these degrees went to females (NSF, 2010). Again, 

extrapolating the NRC 2007 data to the NSF 2010 study (Figure 3), this corresponds to 0.02 of 

the original 100 eighth graders receiving a degree in geoscience being women. The leakage 

described in the NRC (2007) report indeed has a profound affect on the number of women 

represented in the geosciences. 
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Figure 3. Geoscience degrees awarded according to gender. From NSF Science 
and Engineering Degrees: 1966-2010. 

 
The underrepresentation of women in geoscience is an issue that becomes magnified 

when one considers reports from the U.S. Department of Labor, Bureau of Labor Statistics, 

Women in the Labor Force: A Databook (2012). The Bureau of Labor Statistics (BLS) 2012 

report showed that only 28.95% of environmental scientists and geoscientists in the workforce 

were women. Yet, employment of geoscientists is expected to grow 16% between 2012 and 2022 

(BLS Geoscientists, 2014) and environmental scientist employment is expected to grow 15% in 
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there are not enough students actively seeking careers in the geoscience market to fill the 

available positions. Geoscience degree pursuits hold a wealth of opportunity to young women 

seeking to have a profession in STEM careers, yet their absence in this career pathway remains a 

perennial trend. 

Statement of the Problem 

 Historically, knowing science has been presumed a male privilege, and the participation 

of women in science has been deemed "unnatural" (McCrea, 2011). Of concern is that face a 

position in which they have less power in the science classroom. The lesser status of girls in 

science classrooms takes place through subtle practices, such as receipt of less attention from 

teachers and being called on less to answer content questions than for their male counterparts 

(Barton, Tan, & Rivet, 2008; Calabrese Barton et al., 2013; Dubetz & Wilson, 2013). Yet, the 

lack of power in the classroom and ultimate decline of women following a trajectory towards 

STEM has been chronicled in many studies (Britner, 2008; Hall et al., 2011; Leaper, Farkas & 

Brown, 2011; McRea, 2011; Milgram, 2011). Barton et al. (2008) noted, “that women who are 

interested in science and engineering careers are lost at every educational transition" (p.71). 

Significant to this argument is that by the time a girl reaches middle school, both her attitudes 

towards science and her academic achievements in science have dropped steeply (Barton et al., 

2008; Atwater, Wiggins & Gardner, 1995). Thus, as a result of a less secure space to learn and 

diminished power of voice in that space, girls perceive a gendered-antagonism within science 

exists (Barton et al., 2008).  

This perceived gendered-antagonism is composed of culturally accepted norms that 

suggest girls do not belong in science and gives rise to a singular problem: girls tend to shy away 

from science. This is a pattern applicable to the geosciences as well, with girls’ tendency to shy 
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away from geoscience arising from a perceived social stigma attached to girls’ pursuance of 

geoscience trajectories (Guertin et al., 2004). This phenomenon of shying away can be viewed in 

three specific senses: (1) social stigma of a girl’s parents, (2) the stigma of geoscience being 

“less rigorous” than other mainstream sciences, and (3) the lack of confident geoscience role 

models in the K-12 classrooms.  

In one sense, many girls face great obstacles overcoming the social stigma of parents who 

are unlikely to initiate encouragement towards a scientific trajectory for their daughters (van 

Langen, Dekkers & Rekers-Mombarg, 2006; Nentwich, 2010). A girl’s childhood social 

backdrop stands as a significant locale for constraining young women’s participation in 

geosciences. These constraints have a profound affect on their educational and career 

trajectories. According to Guertin et al. (2004), by the time girls reach middle school, they are 

deciding whether or not to pursue a career in science. At this same time, some have already made 

the decision to shy away from science in pursuit of other more “female careers” (Guertin et al., 

2004, p. 523). Nentwich (2010) states that the reasons for these trends are difficult to pinpoint (p. 

129). Some attribute this, in part, to parental education levels and the girls’ IQs. Girls with lower 

IQs and parents who are less educated are less likely to choose science and mathematics courses 

(van Langen et al., 2006; Nentwich, 2010) and they tend to shy away from science.  

In the second sense, “shying away” is a result of the “less rigorous” (Lewis & Baker, 

2010) representation of geoscience in schools and relegates geoscience as an insignificant field 

of science, often taught by teachers who are under qualified in learning geoscience content and 

unable to serve as geoscience role models (Lewis & Baker, 2010). Research indicates that girls 

tend to have better perceptions and self-efficacy than boys in geosciences, relative to physical 

science and biology and thus attain higher achievement in these subjects (Britner, 2008). 
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Paradoxically, Britner (2008) noted a greater sense of mastery, less anxiety, and a tendency for 

girls to feel less inept in geoscience and to be less stereotyping of girls in this field of study. Yet, 

geoscience has taken a backseat to the mainstream sciences such as biology and physical science 

(Dolick & Orion, 2003; Lewis & Baker, 2010; Ridky, 2002). Coupling this with the stereotype 

that geoscience curriculum is “less rigorous” than biology, chemistry, and physics (Lewis & 

Baker, 2010) it may be possible to pinpoint barriers that have given rise to girls pursuing non-

scientific careers. Girls are receiving less exposure to a science in which they are known to excel, 

and thus base their scientific perceptions on subjects in which they are less self-assured. The 

early patterns in K-12 education could have great bearing on girls’ motivation, success, and 

pursuit to attain identities as geoscientists. 

One more significant piece of the puzzle that may be causing girls to “shy away” from 

geoscience is located within the secondary science teacher supply (Lewis & Baker, 2010). It has 

been estimated that only 19% of all 8th grade geoscience teachers actually have an undergraduate 

major in geoscience and only 39% have some other science major (Lewis & Baker, 2010). This 

indicates that a lack of geoscience role models could be a contributing factor to girls’ avoidance 

of geoscience. Girls could benefit from seeing role models in their science classrooms that they 

can relate to (Milgram 2011; Reis & Graham 2005). Often, the only science role models that 

girls know are the Hollywood representations of what they see on television or in the movies 

(Platz, 2012), and breaking ties with these misconceptions can be difficult to overcome. Very 

often, girls are given the impression that science is not a career pathway for them, and this 

negative message has resulted in low representation of females in science, whereas simply 

encouraging them in science has had profound effects towards increasing girls self-perceptions 

of being scientific (Milgram 2011). It has been documented that girls’ self-esteem declines 
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during their adolescent years, which could result in lower academic performance as well as less 

ambition in school (Jobe, 2002). Poorly qualified teachers in the geoscience content areas could 

adversely affect a girl’s perception of her own academic success in geoscience and perhaps 

science as a discipline. A teacher who is intimidated by content areas within the subject could 

convey their intimidation to their students, thus laying the groundwork for disillusionment 

among the students with regard to learning these subjects (Reis & Graham, 2005).  

Girls could benefit greatly from more exposure to geoscience learning. As we have 

already seen, great potential for future careers in the geosciences is currently being stimulated by 

the need for energy, environmental protection, and responsible land and resource management 

and is projected to spur demand for geoscientists in the future (BLS: Geoscience, 2014). Yet, 

“problems in geoscience education exist both at the tertiary and secondary level,” resulting in 

fewer students, especially females, following a career trajectory leading them to geoscience 

(Lewis & Baker, 2010, p. 122). It is this conundrum that strikes at the heart of this study and thus 

suggests that a critical eye is needed to assess ways to bring about a transformative relationship 

with girls and geoscience.  

Purpose of this Study 

The purpose of this study is to examine ways in which girls may generate a voice through 

participation in science, via geoscience learning within the context of an alternative learning 

environment, such as the Girl Scouts. In this dissertation, I have sought to investigate girls’ 

standpoints on science and the nature of constraints that shape their stances. To bring a critical 

perspective to these situations, a feminist standpoint lens (Harding, 1991) was used as an 

overarching framework for the study. This lens was used because feminist standpoint theory 

focuses on one common element - that women and men experience differences in socialization 
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that results in them interpreting events in their lives differently (Roychoudhury, Tippins and 

Nichols, 1995). 

Brown and Gilligan (1992) noted that girls supply “a naturalist’s rendering of the human 

world - detailed accounts of what is going on in relationships. Girls watch the human world like 

people watch the weather. Listening in to the sounds of daily living, they pick up its 

psychological rhythms, its patterns” (p. 3). Girls’ have an innate perception of the world around 

them. Therefore, the overarching purpose of this study, focused in the space of the alternative-

learning environment provided by the Girl Scouts, is to address the tendency of girls’ interest in 

science to wane in middle school (Barton et al., 2008; Atwater et al., 1995). At the same time, 

this study has served as a means to re-introduce geoscience to girls in a way that may bridge their 

real-world experiences and science in such a way as to transform their perceptions of science. 

Research Questions 

 A “transformative research paradigm” (Mertens, 2013, p. 28) encompassed this study and 

provided a framework for giving voice to social justice issues in the research process. Mertens 

(2013) defines the transformative paradigm as: 

[A] philosophical framework that helps to organize thinking about how evaluation 
can serve the interests of social justice through the production of credible 
evidence that is responsive to the needs of marginalized communities. It provides 
a metaphysical umbrella to guide evaluators who work in communities that 
experience discrimination and oppression on whatever basis—gender, disability, 
immigrant status, race/ethnicity, sexual identification, or a multitude of other 
characteristics associated with less access to societal privileges. (p. 28) 
 

This transformational study featured a mixed methods approach to exploring geoscience learning 

involving a Girl Scout Cadette Troop in a city in the southeastern United States. Three research 

questions underpinned this study: 

Question 1: What are girls’ standpoints on “science”?  
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Question 2: How might the Girl Scouts offer an alternative environment for learning and 

doing science while at the same time allowing them to be scientists? 

Question 3: How might this Girl Scout experience transform the ways girls engage with 

geoscience? 

These questions were investigated based on a transformative mixed methods design (Creswell & 

Plano Clark, 2011), which allowed for the use of multiple qualitative and quantitative tools to 

bring focus to concerns of agency and voice as girls engage with science knowing and doing. 

 In order to explore these questions, this study included generation of both quantitative 

and qualitative data, including surveys, photojournalism, photoessay, and focus group 

interviews. The intersection of the girls’ experiences was then explored through the three specific 

phases of generation and analysis. Further details regarding the study methodology and study 

methods are described in Chapter 3.  

Significance of this Study 

 Geoscience education is an optimal curricular space for girls to critique their science 

participation. This study serves the purpose of examining both the informal and formal science 

learning environments through the standpoints of the girls’ currently active learners in both 

spaces. Research abounds in studies of classroom learning environments (Ahmad et al., 2014; 

Cleveland & Fisher, 2014; Anagun & Anilan, 2013; Bas, 2012; Lippman, 2010; Cleveland, 2009; 

Guertin et al, 2004; Khine, 2002; Lee et al., 2001; Aldridge et al., 2000; Kim et al., 1999; Taylor et 

al., 1997; Taylor et al., 1994; Taylor & Fraser, 1991), but little literature exists on learning 

geoscience in informal environments and the effects that it may have on young women’s self-

perceptions as knowers and doers of science. 
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Britner (2008) was one of the few who examined geo, life, and physical science with 

respect to gender. In this study, Britner (2008) sought to examine self-efficacy in high school 

students and understand the ways self-efficacy affects science self-efficacy beliefs across the 

three science disciplines. She found that girls are more likely to feel successful and believe in 

themselves through the process of knowing and doing geoscience, as well as exhibit less anxiety. 

Girls are also more likely to achieve success in other science disciplines as a result of success in 

geosciences (Britner, 2008). Girls’ attainment of a positive stance in learning geoscience could 

then translate as a subject matter in which girls could experience greater self-confidence as 

scientists, which could help cultivate a belief that they could attain success in science (Britner, 

2008).  

Science educators are vital in helping young women focus on and interpret their success 

to help fuel an improved science standpoint. An improved standpoint could translate to positive 

strides in science learning on many levels. Young ladies may benefit as they gain voice and 

agency as science knowers and doers. This, in turn, would mean a stronger science community, 

which would include a typically marginalized group (women) participating in a science that 

honors their voices. Accordingly, research centered in geoscience offers a potentially optimal 

research context to transform girls’ science relationships. 

A transformative research paradigm (Mertens, 2007; 2013) was employed throughout this 

study to expose girls to the power differentials they might face throughout their scientific 

endeavors that stem from the cultural norm that pursuing science is “unnatural” for females 

(McCrea, 2011). This, in turn, served to arm them with an understanding of these normative 

beliefs and allowed them to more adequately determine if they would like to pursue a successful 

career path in geoscience or other STEM subjects. At the same time, additional research is 
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needed to support the inclusion of geoscience in K-12 curriculum since it potentially offers girls 

a place to excel in science education (Lewis & Baker, 2010). It is important that girls be exposed 

to teachers or educators who can serve as scientific role models, modeling not only self-

advocacy but also serving as advocates for girls in science learning (Guertin et al., 2004; Lewis 

& Baker, 2010; Milgram, 2011; Reis & Graham, 2005). 

Transformative Geoscience Pedagogy 

 Standpoint feminist research seeks to highlight girls’ experiences through an 

understanding of their own stories. Girls have an innate naturalistic sense that connects them to 

the world around them (Brown & Gilligan, 1992). Tapping into this sense and allowing girls to 

explore geoscience in different ways, such as through photojournalism, and in a different space 

than the formal learning environment of the school classroom, such as the alternative learning 

environment of the Girl Scouts, could potentially result in improved approaches to all science 

(Britner, 2008). At the same time, the Girl Scouts provides an environment designed to honor the 

voice of the girl and thus provide them the space to explore the meanings of their scientific 

experiences. The hope is that the transformative nature of this study has allowed the girls to 

discover their voices as scientists and to open up new pathways for them to explore science and 

to be scientists, both as students of science in the classroom and in the alternative learning 

environments that round out their lived experiences. 

Conducting Transformative Research 

I have chosen not to settle in the positivist or interpretivist worldview but rather I have 

approached the study from a pragmatist or “transformative” worldview (Creswell & Plano Clark, 

2011, p. 46). Peter Godfrey-Smith (2003) noted that pragmatists recognize paradigms change 

and with them, the ideas and beliefs that define them change. In other words, truth and reality are 
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ever shifting. Therefore, the ontological nature of this study has encompassed the varied 

standpoints of the participants with regard to marginalization, power struggles, and oppression 

(Creswell, 2013, p. 20). Inextricably intertwined with ontological assumptions are 

epistemological assumptions. Without recognition of the epistemological issues, understanding 

ways of knowing and questioning how ways of knowing are derived, this study serves no 

purpose. It is within the confines of epistemology, questioning ways of knowing, that oppression 

is recognized, defined, evaluated, and ultimately redefined. It questions who knows, how they 

know, and who decides what is considered knowing (Harding 1991). Therefore, I, as the 

researcher, am left to interpret the individual participant voices through my own subjectivities. 

As a female, I also have a story based on my own experiences in science and this positionality 

has been pivotal in “re-presenting” the voices of the participants, while at the same time, 

requiring full disclosure of my subjectivities throughout the process.  

The use of a transformative research paradigm is necessary to accomplish the discovery 

of voice. It was used to address the two problems highlighted in this study. First, the approach 

addressed the limited exposure to geoscience and the stereotype that it is a “weak science.” Girls 

need a new way of being exposed to geoscience that allows them to participate as a geoscientist 

and critique their experience, thus offering their own standpoint. In their article, Bringing 

Dinosaur Science to the Junior Girl Scouts through a College Service-Learning Project, Guertin 

et al. (2004), discussed a project that they conducted with the Junior Girl Scouts. Through the 

use of the curriculum “Dinosaur Extinction and Other Controversies,” they were able to bring 

depth to the geoscience learning that the 8-11 year old participants experienced (p. 524). In much 

the same way, I introduced the girls in the Cadette Level (grades 6-8) Girl Scouts to non-

traditional and non-curricular bounded ways of participating in geoscience. I employed my own 
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content knowledge of geoscience and my love of observation, exploration, and documentation 

(through photography, drawing, and writing) to show the girls that science as taught in their K-

12 classrooms does not always cater to them. Girls need a safe environment in which to explore 

these ideas, and the Girl Scouts is a perfect place to conduct research. Oftentimes, boys take the 

lead in science classrooms and girls fall prey to the unspoken assumptions about gender roles. 

That is, girls feel that they do not have a voice in the classroom and must defer to the boys. The 

“Girl Scouts offers a safe, supportive place for girls to seek challenges. The girl-led process 

encourages girls to decide which topics they want to explore and how they want to go about it" 

(Girl Scouts USA-STEM, 2014). 

Secondly, the use of a transformative research paradigm allowed me, as a researcher, to 

use my voice and expertise as a geoscientist to expose the power differentials that the patriarchy 

infuses into science knowing and learning, thus offer girls an alternative view as to what a 

geoscience career trajectory could mean to them. As Mertens (2007) says “The role of the 

researcher in this context is reframed as one who recognizes inequalities and injustices in society 

and strives to challenge the status quo, who is a bit of a provocateur with overtones of humility, 

and who possesses a shared sense of responsibility" (p. 212). It was thus imperative that I be 

proactive in revealing the sense of social injustice in the science classroom to girls as I conducted 

this research.  

Foundational to this research was the girls’ voices. The transformative research paradigm 

that encompassed this study provided a framework to give a voice to social justice issues in the 

research process (Mertens, 2007). The primary purpose of the study was to allow girls to voice 

their perception of experiences in their science classroom as it intersects with their daily lives, 

based on cultural norms and institutional restraints (Brown and Gilligan, 1992). These 
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experiences were compared with and critically evaluated against the approaches I presented to 

them for doing science in the non-formal setting of the Girl Scouts. As a researcher, I wanted to 

determine what shapes girls’ perceptions of geoscience and what it means for them to actively 

accept the role as an earth scientist at this juncture in their educational career. 

Key Terms and Concepts Used in the Study 

 A specific set of terms form the basis for focusing the lens through which this study is 

viewed. Power, epistemology, and marginalization in the social context of science are 

foundational to this dissertation and act as a guide for understanding how language and 

vocabulary may be defined based on a persons’ locale within the hierarchy of social structure. As 

Chapter 2 of this dissertation will show, many of the key terms explored in this study have been 

and continue to remain ambiguous among even contemporary scholars. It is only through 

exploration of concepts, within their specific contexts, that we begin to unravel the meanings. 

The following definitions are key to this study: 

• Knowledge, in an epistemological sense, has historically been viewed as a social 

construct defined by a concrete entity that may be “obtained” by gaining access to an 

organized bank of information the “exists” in our world. Knowing, on the other hand, 

involves ownership of that which may be known through the process of living with and 

experiencing the world around us. Knowing is intricately interwoven with a person’s 

being and is thus different for each individual (Code, 1991; Gilligan, 1992; Harding, 

1991). 

• Learning Environments, as a general rule, have been used historically to describe social, 

psychological, or pedagogical environments of learning but has increasingly come to 

include physical spaces and their affects on learning. 
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• Space refers to the physical environment of learning as it intertwines with the social 

world, especially with a focus on of power. 

• Third Space draws on the work of Barton et al. (2008). The definition of space can be 

expanded to take into account a multi-dimensional aspect to space. Learning does not 

occur in only one environment. Instead, Third Space merges the first space of school 

science with the second space of the home, bridging the academic space with the 

typically marginalized space of personal experience. 

• Alternative Learning Environment refers to a non-classroom, informal space in which 

knowing takes place. 

• Critical Social Constructivist Learning Theory takes into account that the cognitive 

constructive activity of each individual learner is interdependent on the socio-cultural 

context in which learning occurs and thus provides a framework for assessing the 

transformative change of the socio-cultural reality presented in science (Taylor, Fraser & 

Fisher, 1997). 

• The Constructivist Learning Environment Survey (CLES) from Taylor and Fraser (1991, 

1997) is a 25-item survey, which subdivides the 25 items into fives scales: (1) Personal 

Relevance, (2) Science Uncertainty, (3) Critical Voice, (4) Shared Control, and (5) 

Student Negotiation. The CLES is a tool that is used to analyze students’ perceptions of 

the epistemological assumptions made by teachers in science classrooms. The 

epistemological assumptions are premised on five constructivist learning theory tenants: 

(1) There are “real-world” boundaries to what one can experience, but at the same time, 

reality is local and there are multiple realities, (2) The mind creates symbols as it 

recognizes, interacts with, and interprets the world, (3) The structure of the world in 
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developed in the mind through experiences with the world and is interpreted differently 

by each individual, (4) Symbols are derived from culture and are used by the knower to 

construct reality, and meaning emerges as the knower interprets the world through their 

own experiences and understanding, and (5) Perception and sensory experience through 

interacting with the world as well as social interaction produce imaginative human 

thought (Philips, 1995; Cobb, 1994; Jonassen, 1991).  

• Draw-A-Scientist Survey (DAST; Chambers, 1983) serves as a tool to sensitize students to 

the need for a change to the image of science. Students are asked to draw their personal 

version of a scientist. The drawing is analyzed using a rubric and can be used to show the 

degree to which students’ associate scientists with a stereotypical representation. 

• Pragmatic or Transformative Paradigm in this study refers to a worldview that uses a 

“what works best” approach to conducting research that will address issues of social 

justice. 

• Transformative Mixed Methods (Creswell & Plano Clark, 2011) is a mixed methods 

design in which the researcher uses a transformative theoretical framework (i.e., 

feminism) in order to address the needs of a specific population and also seek change.  

• Voice in this study is best defined by Mertens (2007) as “stakeholder input.” It is used in 

two ways in this study. First, it takes into account the participants as marginalized 

stakeholders who have a story to tell. This is intertwined with the second voice, that of 

the researcher, as the participants’ voices are “re-presented” through this study. 

• Feminist Standpoint Theory is a theoretical ground for critiquing science knowing and 

learning as experienced by females. Exploration of women’s voices through the use of 

feminist standpoint theory provides the opportunity to expose the marginalized to the 
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hegemonic structures in place in school science classes, while opening the door for them 

to use their voices to transform their situations (Harding, 1991). 

• Assess can be viewed in two ways in this study. In the first sense, Assess will encompass 

a critique of the science women and girls are exposed to in today’s classrooms and offer 

an option for critical analysis and transformation through the lens of feminist standpoint 

theory in order to challenge the hegemonic structures in schools and allow those 

marginalized in science to use their collective voices to expose oppression and offer 

resistance (Harding, 1991). In the second sense, there is an evaluative connotation that 

brings meaning to Assess, as the researcher becomes aware of the way participants view 

hegemony in school science and through evaluation is able to find “value” in the utterings 

of their voices. 

• “Science” historically has been described as a way of ordering and explaining the world 

around us, but there is a deeper context to its meaning that encompasses a sociocultural 

interaction with “science”. In the sociocultural context, “science” is a domain of power 

that has often been defined by middle-class, white males, who often reject the voices of 

outsiders. Yet women and girls, as outsiders, often have their own perspectives of 

“science” that do not necessarily coincide with men’s perspectives (Harding, 1991). It is 

through the outsider’s views, which could be many, that “science” is defined in this 

study. Due to the interpretive nature embodied in the word “science,” I will no longer 

refer to it in quotations. Science is an interpretive utterance and varies relative to the 

speaker’s meaning. Accordingly, as the researcher in this study, grounded in critical and 

feminist orientations, I continually question references to science even as this word is 
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used in the seemingly disembodied voice of national (i.e., Next Generation Science 

Standards) and state-level (i.e., Alabama Course of Study) curricular guidelines.  

• Geoscience includes earth, atmospheric, and oceanic sciences. Because knowledge is 

viewed in this study from a constructivist perspective, Geoscience is recognized as a 

sociocultural endeavor - phenomenon concerning earth, atmospheric, and oceanic 

inquiries bring particular ways of exploring and communicating ideas. Accordingly, 

because the knowers will bring diverse ways of knowing to explorations of these 

phenomena, I continually question the meaning of geoscience, as each learner uses 

varying interpretations of its meaning when they speak the word. 

• Secondary Science refers to science taught in middle and high school. 

• Post-secondary education is education beyond high school, especially education in 

colleges and universities. 

• Shying Away includes personal, social, and environmental factors that act as barriers to a 

girl wanting and choosing to participate in science. 

• Agency refers the ability of an individual to act and think independent of the sociocultural 

tensions that tend to dictate a person’s role in a structured society. It involves a person’s 

will to question those structures and the role they have been assigned therein and to 

challenge the hegemony of those structures through personal choice.  
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CHAPTER 2 
 

REVIEW OF RELATED LITERATURE 
 

 This study is founded on endeavors to bring a transformative experience to girls through 

geoscience. It is therefore important to recognize that there are multiple spaces, including 

cognitive, social, and physical components, in which learning can take place. It is also important 

that learning in these spaces is assessed through a lens that honors a transformative experience, 

through mediational tools that can help highlight these experiences. This chapter presents a 

literature review, which will be used to bring the overarching themes of learning environments in 

education, a transformative understanding of knowing, and feminist standpoint theory into 

relevant focus for the study at hand. 

The Backdrop of Learning Environments in Education 

 In order to understand the spaces conducive to fostering a transformation, I first describe 

ways in which these spaces have been defined through time. Learning environments have been 

studied for decades. The term learning environment most often refers to a social, psychological, 

or pedagogical environment; however, it also has increasingly included physical learning 

environments (Cleveland, 2009; Cleveland & Fisher, 2014). Emmer, Everston, and Anderson 

(1980) noted that effective learning is, in part, contingent on a positive learning environment. 

The question lies in what is considered a positive learning environment and who defines the 

positive experience. In this study, it is key that the question of who has knowledge and power in 

the science learning environment be at the forefront of consideration. Therefore, it is important to 
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focus on the critical perspective that girls bring to understanding science knowing and the power 

dynamics that are associated with science learning environments. 

 Sociocultural studies in science education have indicated that it is just as important for 

young people to participate as an active member in the community practices of science learning 

as it is to learn science content (Aikenhead & Jegede, 1999; Barton et al., 2008; Seiler, Tobin, & 

Sokolic, 2003). The practices undertaken in science give rise to specific ways of knowing, doing, 

and talking about science and from these scientific ways, a subculture emerges that may not 

“clearly align with the social worlds that youths bring to learning science” (Barton et al., 2008, p. 

72). The resultant is a need to assimilate into the scientific subculture by minimizing life 

experiences and in place of those experiences, creating new ways of understanding science 

(Aikenhead & Jegede, 1999; Barton et al., 2008). It is important to recognize that students’ 

experiences outside of the classroom must be incorporated into learning because learning can 

take place in a variety of spaces (Ramnarain & de Beer, 2013; Aikenhead, 2007). Therefore, it is 

necessary to merge experiences, both in the classroom and out, with students’ interactions with 

their physical environments in order to nurture learning. 

 References to physical learning environments acknowledge “the way in which space 

interacts and interrelates with the social world” (Cleveland & Fisher, 2014). Of importance is the 

notion in which architecture reflects social power relationships (Hirst, 2005; Joseph, 2003). 

Learning is dependent on positive learning environments (Khine, 2002) and tends to increase 

students’ achievement (Chang & Fisher, 2001). Therefore, the physical learning environment of 

the science classroom and laboratory could certainly play into the positive learning of the 

students and could contribute to overall student achievement (Ahmad, Osman, & Halim, 2013). 

Lippman (2010) spoke of a “transactional relationship” that describes how the environment 
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shapes the learner, and the learner influences their environment (p. 1). Drawing on Wertsch’s 

(1998) “irreducible tension,” one could think of a learner and their environment of learning as 

likened to a suspension bridge: on one side is the learner and on the other side are sociocultural 

practices. The bridge represents mediational means that constrain the participation of the learner 

in those practices. Tensions at work bridging the individual and community are a constant and 

complex dynamic, not reducible to any singular factor. The mediational aspect of the bridge-like 

metaphor helps to convey the transformational perspective of this study in that it recognizes the 

relationship of the sociocultural context of the “Girl Scouts” and the girls participating in this 

study. Emphasis is given in this study to the ways that a girl may take on agential roles in their 

practices of geoscience – within the learning space of Girl Scout meetings. 

 There are several dimensions that define the space in which learning takes place. Barton 

et al. (2008) call this multi-dimensional space a “hybrid space” or “third space.” In this space, 

“the different knowledges, discourses, and relationships one encounters” at the first space (the 

school classroom) and at the second space (home) are merged into a third space (p. 73). Barton et 

al. (2008) highlights a study by Gutierrez, Baquedano-Lopez and Tajeda (1999) that concludes 

the third space bridges knowledge and discourse that is accepted as academic, with that which 

has been marginalized. The third space is a setting in which a holistic view of the learner can be 

discovered and thus gives rise to understanding their perceptions on learning as their experiences 

intertwine with social, physical, and cognitive environments of learning. At the same time, the 

learner navigates a community space in which their voice is engaged and enacted and in which 

they can safely explore their possibilities for participation. This is the central focus of this study 

– to explore the transformative tensions that mediate how girls think about and navigate 

geoscience knowing in the learning environment of the Girl Scouts. 
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The Girl Scout Learning Environment 

 The Girl Scouts of the United States is an organization that could be employed to inspire 

girls to have a transformative experience with science. The Girl Scouts mission is “to build girls 

of courage, confidence, and character, who make the world a better place” (Girl Scouts 

USA_Program Basics, 2014). The Girl Scouts have a long-standing history of seeking to 

empower the voices of the girls served through scouting.  

History of the Girl Scouts 

 According to the Junior Girl Scout Handbook (1963), scouting began with boys. Robert 

Baden-Powell was an officer in the British army. As a boy, he loved being outdoors and learned 

many skills that later served him well in the service. He thought that all boys deserved the 

opportunity to learn these skills, so he wrote Scouting for Boys and organized a meeting in 1909 

in London to begin the Boy Scouts. However, something occurred that Baden-Powell did not 

expect. Along with the boys came many girls, questioning why they could not also learn these 

scouting skills. This had a profound affect on Baden-Powell, so he met with his sister Agnes 

Baden-Powell, and the Girl Guides were born in England  (Junior Girl Scout Handbook, 1963). 

Thereafter, Baden-Powell and his wife, Olave, traveled to other countries to help 

implement their Guides programs. In the United States, they met Juliette Gordon Low, otherwise 

known as Daisy Low. Daisy had always had a propensity for service and for helping others 

serve. She moved to England and agreed to be a Girl Guide leader for troops in Scotland and 

England. Her time of service in England gave her a dream of establishing Girl Guides in the 

United States. On March 12, 1912, the Girl Guides were established in America. This date stands 

as a special birthday that all Girl Scout troops celebrate each year (Girl Scouts USA_Program 

Basics, 2014). 
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Girl Scouts Today   

 The Girl Scouts of the USA has over 3.2 million girl and adult members. There are over 

59 million alumnae in the United States today. Girls in the program are introduced to ideas 

ranging from business and economic literacy to science, technology, and environmental 

awareness. Girls in the Girl Scouts program discover their values and skills as leaders in today’s 

world. 

 The Girl Scouts is a female-led organization. Girls can join in Kindergarten and each 

level encompasses two school-grade levels. The first Girl Scout level is the Daisies 

(Kindergarten and first grade). The Daisies are followed by the Brownie level, consisting of girls 

in the second and third grades, Juniors in the fourth and fifth grades, Cadettes in the sixth 

through eighth grades, Seniors in the ninth and tenth grades, and finally Ambassadors in the 

eleventh and twelfth grades (Girl Scouts USA_Girl Scout Glossary, 2014). Along their journey 

of discovery, “Girl Scouts earn badges, hike and camp, participate in the cookie program, and 

much more. They improve neighborhoods, protect the planet, design robots, and establish sports 

clinics” (Girl Scouts USA_Program Basics, 2014). On their Girl Scouting journey, the girls learn 

about our world as they participate in environmental, science, and technology-based projects and 

earn badges/insignia that are a visual representation of their accomplishments. Foundational to 

the Girl Scouts is the empowerment of girls: 

In Girl Scouts, girls discover the fun, friendship, and power of girls together. 
Through a myriad of enriching experiences, such as extraordinary field trips, 
sports skill-building clinics, community service projects, cultural exchanges, 
and environmental stewardships, girls grow courageous and strong. Girl 
Scouting helps girls develop their full individual potential; relate to others with 
increasing understanding, skill, and respect; develop values to guide their 
actions and provide the foundation for sound decision-making; and contribute 
to the improvement of society through their abilities, leadership skills, and 
cooperation with others. (Girl Scouts USA_Program Basics, 2014) 
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The Girl Scouts offer a venue for girls to express their concerns and beliefs, to learn and listen to 

others, and to do all this in a non-threatening environment. The participants in a Girl Scout troop 

build trust with their leadership and troop members, conducive to a holistic environment of 

learning. 

Oftentimes, boys take the lead in science classrooms and girls fall prey to the unspoken 

assumptions about gender roles. They feel that they do not have a voice in the classroom and 

must defer to the boys. “Girl Scouts offers a safe, supportive place for girls to seek challenges. 

The girl-led process encourages girls to decide which topics they want to explore and how they 

want to go about it" (Girl Scouts USA-STEM, 2014). Related to geoscience, there is a specific 

Naturalist badge that the girls can earn at each level of Scouting: the Bugs Badge for Brownies, 

the Flowers Badge for Juniors, the Trees Badge for Cadettes, the Sky Badge for Seniors, and the 

Water Badge for Ambassadors. 

The Girl Scouts Council takes an active role in research. Therefore, the Girl Scout 

Research Institute was formed to research issues such as “Girl and Youth Development,” “Girls 

and the Media,” “Healthy Living,” and “STEM.” The entire Girl Scouts Organization is designed 

to advocate for girls and women. Understanding the cultural and social tensions that mediate 

what and how females participate in knowing is seminal to understanding how to help them be 

transformational learners within their own lives and in connection with others. It is the aim of the 

present study to describe and assess dynamics of science learning within the Girl Scouts learning 

environment. 

Learning Environment Assessment 

 How can one assess a learning environment such as that presented by the Girl Scout 

program? Much research has been conducted on learning environment assessment, and a rich 
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program of learning environment research grew out of the development of the Learning 

Environment Inventory (LEI; Walberg & Anderson, 1968). From this arose classroom 

environment instruments used to evaluate educational innovations (Lightburn & Fraser, 2007; 

Martin-Dunlop & Fraser, 2008), or classroom environment and student outcome associations 

(McRobbie & Fraser, 1993), and questionnaires such as the CLES (Taylor et al., 1994).  

The scales of the CLES arose from a critical constructivist view, “which recognizes that 

the cognitive constructive activity of the individual learner occurs within, and is constrained by, 

a socio-cultural context” (Taylor et al. 1997, p. 2). Table 1 lists the five scales identified by 

Taylor et al. (1994). 

 
Table 1  

Five Scales of the CLES 

Personal	  relevance	  scale	  –	  Learning	  about	  the	  world	  	  
	  	  	  	  	  Is	  concerned	  with	  the	  perceived	  relevance	  of	  school	  science	  to	  respondent’s	  out-‐	  of	  
school	  experiences	  with	  science,	  in	  order	  to	  understand	  a	  meaningful	  context	  for	  
developing	  the	  students’	  science	  knowing.	  
	  

Uncertainty	  Scale	  –	  Learning	  about	  science	  
	  	  	  	  	  Assesses	  the	  types	  of	  opportunities	  presented	  in	  a	  classroom	  to	  experience	  science	  
knowledge	  as	  evolving	  and	  as	  a	  socially	  determined	  construct.	  
	  

Critical	  Voice	  Scale	  –	  Learning	  to	  speak	  out	  
	  	  	  	  	  Measures	  the	  extent	  to	  which	  the	  social	  climate	  of	  the	  classroom	  is	  conducive	  to	  the	  
student	  having	  a	  voice	  in	  questioning	  teacher’s	  pedagogical	  approach	  to	  their	  learning.	  
	  

Share	  Control	  Scale	  –	  Learning	  to	  learn	  
	  	  	  	  	  Is	  concerned	  with	  students’	  perceptions	  of	  invitation	  from	  the	  teacher	  to	  participate	  in	  
negotiation	  of	  science	  learning	  in	  the	  classroom	  and	  their	  perception	  of	  their	  control	  in	  
autonomous	  learning.	  
	  

Student	  Negotiation	  Scale	  –	  Learning	  to	  communicate	  
	  	  	  	  	  Measures	  the	  extent	  of	  the	  students	  to	  use	  their	  voices	  to	  explain	  and	  justify	  their	  new	  
or	  expanding	  ideas	  with	  other	  students.	  
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According to Taylor et al. (1997), constructivism emphasizes the individual learner. The critical 

theorist questions the foundations of knowledge while “argu[ing] for the emancipation of the 

individual from repressive cultural myths” (p. 2). The question then lies in who is the individual 

in need of emancipation?  

 The CLES has been used in a variety of studies and has evolved through time. 

Consistently, the focus has either been on teachers (Anagun & Anilan, 2013) or on whole class 

studies that did not focus on gender differences in participants (Taylor & Fraser, 1991; Taylor et 

al., 1994; & Bas, 2012). One study, conducted by Taylor et al. (1997), sought to validate the 

CLES within a classroom of all females, but no study has ever sought to use the CLES as a tool 

for assessing girls in a non-classroom-type learning environment. Thus, overwhelmingly, the 

CLES has been a tool for assessing science knowledge within a classroom, independent of 

sociocultural differences (i.e. race, ethnicity, gender, etc.) amongst participants and independent 

of the relationship participants have with the privilege of knowing and doing science. Before we 

can continue with this line of reasoning, we must explore the privilege of knowing and doing 

science, who is given privilege, and how privilege to knowledge is decided. 

Transformative Understanding of Knowledge: Whose Science? Whose Knowledge? 

Nespor (1987) noted that knowing in schools in not “scientifically validated” nor is it 

objective; rather it is a “social construction” that is based on history, politics, and man-made 

decisions that ultimately are a representation of power of the dominant classes (pp. 37-38). In his 

work, “The Postcolonial Ghetto: Seeing Her Shape and His Hand,” La Paperson (2010) describes 

a women’s and a girl’s way of knowing as represented only by a shape, barely distinguishable, 

while “his hand,” or the hand of patriarchy defines “her shape” and ultimately strips her of 
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choice (p. 7). Therefore, the dominant class is thus defined by white, patriarchal-privilege, 

making the decisions about what knowing is and who is permitted to be a knower. 

Knowing science often evokes memories of subjects such as physics, biology, or 

chemistry. For more than one hundred years, a positivist mentality has dominated the landscape 

and divided empirical science from non-science (Kaufman et al., 2003). A feminist critique of 

such science implies that “masculine discourse is embedded in our science to such an extent that 

it often escapes our notice” (Kaufman et al., 2003, p. 14). Complicating matters is that scientific 

knowledge seems to have arisen from attempts to impose sense on our experiences and thus 

science may not be regarded as an “absolute” by knowers (Taylor, Fraser & Fisher, 1997, p. 2). 

In turn, science may be less relevant in some girls’ lives (Taylor et al., 1997) since the Western 

traditions of science tend to arise out of patriarchal thought (Kaufman et al., 2003). Thus, 

knowing as a privilege has led to a formal definition of science that may not necessarily be 

inclusive to women and girls. 

Therefore, two key concepts must provide the guidelines for assessing knowing in 

science: ontology and epistemology. Initially, ontological issues arise in the assessment of reality 

based on the participants' perceptions. The researcher’s interpretations, without a doubt, may 

influence the participants intended realities. Yet, common themes emerge from the participants’ 

stories that emphasize their voices, when viewed through the interpretive lens provided by 

feminist standpoint theory. One such theme is that not all women share the same experiences that 

situate their individual relationships to science. In addition, the researcher also brings another set 

of experiences to this study. This is best explained in an overarching theme from Wertsch 

(1998), that when we speak, we speak with the voices of many. Therefore, within the 

transformational space provided through this study, a representation of a myriad of realities, 
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based on the participants and the researcher, come together to illustrate the differing perspectives 

of science.  

Ontology also takes into account the varied perceptions of the participants with regard to 

marginalization, power struggles, and oppression in this study (Creswell, 2013, p. 20). As stated 

before, the participants do not all share the same experiences even though they do share a 

feminine standpoint. But this is also true of many identities such as race, culture, class, and 

ability. A crucial point in focusing on gender is the understanding that the intertwining of male 

dominance in the social settings and foundations of science, grounded in masculine ways of 

knowing, can never truly merge with women's standpoints. As women undertake scientific 

endeavors, they are forced to take on a persona foreign to their real-life experiences in order to 

take on male viewpoints (Smith, 1987). Women are thus situated as foreigners, strangers, and 

outsiders in the scientific world while men are the natives (Collins, 1986; Harding, 1991; 

Roychoudhury et al., 1995). Therefore, a holistic approach is needed in science that gives 

credence to a woman's way of knowing (Roychoudhury et al., 1995).  

Given this, “ways of knowing” are foundational to this study. Without recognition of the 

epistemological issues, understanding ways of knowing and questioning how ways of knowing 

are derived, this study serves no purpose. It is within the confines of epistemology, questioning 

ways of knowing, that oppression is recognized, defined, evaluated, and ultimately, redefined. It 

questions who knows, how do they know, and who decides what is considered knowing (Harding 

1991, pp. 26-27). "[P]atriarchal values influence the stories we tell about nature and scientific 

ways of knowing the world" (Kaufman et al., 2003, p. 5). The inability to recognize the 

oppression within the patriarchal expectations controls young women’s voices. The problem is as 
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old, if not older, than Aristotle, and remains relatively unchanged throughout history as seen in 

this quote from Aristotle’s Politics: 

The freeman rules over the slave after another manner from that in which the 
male rules over the female, or the man over the child…For the slave has no 
deliberate faculty at all, the woman has, but it is without authority… (Code, 
1991, p. 9, italics mine). 
 

In general, women have had a limited voice in Western culture because they have never been 

viewed as authoritative. For girls, this is magnified because they fall under both the heading of 

woman and child. Women have always existed as an afterthought, be it in Biblical versions of 

creation, voting, or schooling. As Noddings (1993) noted, women are typically viewed in the 

patriarchy, as only good for reproduction, disgusting during pregnancy and requiring ritual 

cleansing after giving birth (p. 66). Women and thus girls have been viewed as lesser citizens in 

need of a caretaker. As Driver (2004) stated, “Framing girls as helpless victims of adult 

perversion suggests a patronizing concern for girls that deflects attention away from their own 

responses and constructs them as objects to be watched over." (p. 32). Western culture strips 

women and girls of all authority. This lack of authority has led to destructive effects on girls 

attaining their potential. Zaslow (2009) quoted from Peggy Orenstein’s School Girls: 

The results [from AAUW’s Shortchanging Girls, Shortchanging America] 
confirmed what many women already knew too well. For a girl, passage into 
adolescence is not just marked by menarche or a few new curves. It is marked by a 
loss of confidence in herself and her abilities, especially in math and science. It is 
marked by a scathingly critical attitude toward her body and a blossoming sense of 
personal inadequacy (p. ix). 
 
Ways of knowing in science and math are dominated by white, middle-class males in the 

United States. Male-privilege ensures that this trend continues. For the woman trying to make 

her way in this male-dominated and controlled segment of society, she must put on an 

unfeminine persona (Kaufman et al., 2003, p. 6) in hopes of being accepted. At the same time, 
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she is considered, by most accounts, to be “unnatural” (McCrea, 2011, p. 29). Navigating the 

sociopolitical waters of science has a “damned if you do, damned if you don’t” stigma faced by 

the woman. Despite her best attempts, a woman often cannot reach her true potential in science. 

Where does a woman’s way of knowing fit in and how can that way of knowing be accepted as 

worthy? Exploring positions associated with epistemology of science and girls’ sense of “voice” 

is foundational to this study. 

Feminist Standpoint Theory 

 Sandra Harding (1991) laid the foundations for using feminist standpoint theory as a 

critique of the science women and girls are exposed to in today’s classrooms in her book Whose 

Science? Whose Knowledge?  She offers an option for critical analysis and transformation using 

standpoint theory to challenge the hegemonic structures in schools and allows the marginalized 

to use their collective voices to expose oppression and offer resistance. This collective of “fresh” 

voices (Harding, 1991, p. 126) opens the door for critical analysis and transformation. The idea 

of a “fresh” voice or perspective is one of the eight “grounds” for using feminist standpoint 

proposed by Harding (1991, p. 121). The current study will consider five of these "grounds” for 

feminist claims as a means of critiquing girls’ experiences in science, in both formal and 

alternative learning environments. 

Harding's (1991) first claim is that women live different lives from men and this 

difference has been devalued and neglected in scientific research. Since human lives are often 

the center of study in science, men have often been used as a model to understand the entire 

human race. For instance, Wenger (2011) highlights the fact that heart disease was always 

considered a "man's disease" and that women still remain underrepresented in clinical trials 

despite the fact that they too suffer the burden of coronary risk. Therefore, professionals do not 
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possess the knowledge or the tools to adequately assess and treat women with life-threatening 

coronary issues.  

Women are also often viewed as objects (Allen, Orbe, & Olivas, 1999; Anderson & Ross, 

1998), as evidenced in both their being neglected in the medical research and in the knowing that 

encompasses who they are. Women are often objectified and thus regarded as lesser than men in 

their ability to know. This devalued, objectified knowledge results in a gender-stratified system 

that marginalizes women in science knowing as well. Therefore, feminist science, which 

incorporates not only research that values women but one that also recognizes women having 

“voice,” does not yet fully exist (Roychoudhury et al., 1995, p. 898). Women's voices in 

knowing and doing science are a starting point for bringing transformation to ways science is 

taught and practiced. Recognition of the neglect and devaluation of girls' voices in their science 

classrooms could provide a new perspective on educator's approaches to teaching science and a 

change in the ways girls and communities perceive female participation in science knowing and 

doing. 

The devaluation and neglect of girls in science that situates them as "strangers" on the 

margins of scientific knowing and doing is Harding’s (1991) second “ground for feminist 

claims” (p. 124). Merton (1972) noted that at any given point in history, knowledge has had 

privileged access. This is not to say that this knowledge is not accessible to all but that access 

comes at a greater cost and risk to the knower who is situated as a stranger. This results in an 

"insider" access to knowing and “outsider" exclusion to knowing (Merton, 1972, p. 12). Privilege 

is given to the dominant knowers in society, and it is assumed that those outside or on the 

margins of knowing do not have the capacity to know. This dominant creature is defined by Phil 

Smith (2010) as “the Good (white, upper-class, rich, male, heterosexual, able-bodied, 
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reasonable) of the land of the Normal” while the dichotomy results in a counterpart, “the Evil 

(non-white, lower-classed, impoverished, female, queer, disabled, mad) inhabitants of the land of 

the Different” (p. 46). 

Patricia Hill Collins (1986) expanded this line of thinking as she identified the "outsider 

within;" the stranger that is able to know, is able join the natives and is privy to knowing, but due 

to the exclusionary nature of their relationships with the natives, is able to illuminate their 

"special standpoint" (p. S14). In the Allen et al. (1999) study, the researchers became the 

subjects. Basing the study in feminist standpoint theory, they "[sought] to expose both acts of 

oppressions and acts of resistance by asking disenfranchised persons to describe and discuss 

unexposed aspects of social order" (Allen et al., 1999, p. 409). The disenfranchised just 

happened to be them, located in the marginalizing structures of post-secondary education. From 

their perspectives as a Chicano woman, Puerto Rican male, and African American woman, all 

marginalized as a part of “the Evil inhabitants” (Smith, 2010, p. 46), sharing their stories through 

email and phone conversations, they recognized the hegemonic structures in place in institutions 

of post-secondary education. 

Just as marginalization occurs in post-secondary education, traced through a history of 

inequity simply based on race, culture, and gender, it also occurs in secondary science 

(Brickhouse 1994; Delpit 1995; Ogbu 1978; Yerrick & Gilbert, 2011). Girls, in general, and 

especially girls of color are often tracked lower due to the development of a “microculture” 

defined by their own experiences as marginalized students relative to the mainstream students 

(Weis, Farrar, & Petri, 1989; Yerrick & Gilbert, 2011). This “microculture” often results in a 

lack of advocacy and no voice in their science classrooms (Yerrick & Gilbert 2011, p. 84). 

Roychoudhury et al. (1995) noted that it becomes important to join the standpoints of both men 
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and women to connect the perspectives, resulting in not a masculine or feminine understanding 

of science but a cohesive and combined understanding. In addition, I conjecture that the voices 

of tracked students need to be empowered as well, if there is to ever be equity in science 

education and if we are ever to see the dichotomy of the native/stranger divide as well as the 

neglecting and devaluing of their voices eliminated. 

Thirdly, Harding (1991) highlights that, due to their perceived position to science, 

women "have less to lose by distancing themselves from the social order; thus, the perspective 

from which they live their lives can more easily generate fresh and critical analyses" (p. 126). It 

is important to note that just because they have less to lose, does not imply that women have 

nothing to lose. Therefore, transformation into feminist consciousness is a difficult process 

(Harding, 1991, p. 126). This process is evident in the study by Allen et al. (1999), where on the 

one hand, the authors found that they were "attracted to [post-secondary education], a profession 

and discipline that inherently promises an openness to studying and teaching difference" (p. 403) 

but on the other hand, "using the margins as resistance" carried with it an intense sense of 

anxiety (p. 442).  

Girls sitting on the margins in their science classes (Roychoudhury et al., 1999), 

progressing through their educational careers and extending into their careers in the field of 

science tend to face similar experiences. Girls face persistent conflicts that could result in them 

shying away from science participation, as evidenced in a study from the NRC (2007): 

Women are very likely to face discrimination in every field of science and 
engineering. . . A substantial body of evidence establishes that most people—men 
and women—hold implicit biases. Decades of cognitive psychology research 
reveals that most of us carry prejudices of which we are unaware but that 
nonetheless play a large role in our evaluations of people and their work. An 
impressive body of controlled experimental studies and examination of decision-
making processes in real life show that, on the average, people are less likely to 
hire a woman than a man with identical qualifications, are less likely to ascribe 
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credit to a woman than to a man for identical accomplishments, and, when 
information is scarce, will far more often give the benefit of the doubt to a man 
than to a woman. (p. 3) 
 

Therefore, it is important to research young women's perspectives and offer hope of change as 

they recognize the oppressive structures and to bring about awareness in a society where the 

established structural biases are often not recognized. Their voices have the potential to give rise 

to a change in the dominant social structures as they reveal their standpoints to their oppressors 

and open up the channels for communicating that change (Harding, 1991, p. 126). 

A fourth point that Harding (1991) presents is that in the present social order, men have 

been assigned to the tasks that are more abstract. At the same time, women are relegated to doing 

"women's work" or the daily, mundane aspects of living (pp. 128-129). As Dorothy Smith (1987) 

points out in "The Everyday World as a Problematic" – the kind of work that men do not want to 

do.  

Women are assigned or often take on a particular identity and this carries over to the 

science class. “The worlds of science that constitute the backdrop of girls’ identity work are 

laden with their own norms, rules, and expectations that foster certain power structures, while at 

the same time schooling and society also have their own as well” (Calabrese Barton et al., 2013, 

p. 42). In their study, Calabrese Barton and colleagues (2013), conducted a longitudinal study of 

two middle school girls in science who came from “nondominant backgrounds” (p. 39) and 

recognized that as time passed one girl, an African American, became more alienated from 

science. In one case, the authors noted that during small groupwork in the participants’ science 

class, she became passive. This was a girl who described herself as “talkative” and as someone 

who liked to draw, but not as a scientist and the other students viewed her that way as well (pp. 

54-55). The abstract nature of science was not ascribed to her character, and she passively 
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accepted this as an identity assigned to her by others (Calabrese Barton et al., 2013, p. 54). 

In their study, it is apparent that gender, as well as culture and race, were contributing 

factors to the participants identities in science. The second participant, also African American,  

“seemed to easily disappear from view in science class” and was described by her teacher as “an 

‘easy’ student who is ‘great to have in class’” and a “student in the middle” (Calabrese Barton et 

al., 2013, p. 55). This participant was located in her class with little opportunity to use her voice 

and this was expected. Her quiet, unquestioning nature fell in line with the expectations of a 

male-dominated science world. As Harding (1991) acknowledged, “women should not be relied 

upon to see it as in their own interests to resist domination and to engage in revolutionary 

politics” (p. 129), and invisibility in science class ensured this for the participant as well as for 

many girls, and especially those of “nondominant backgrounds” in the science classroom today 

(Calabrese Barton et al., 2013, p. 73). 

The final point that Harding (1991) brings to light is that a woman's perspective offers 

completion to the partial accounts of nature and social reality that exists in a patriarchal society. 

The suggestion that women have arrived and that we exist in a post-feminist society stands as a 

prime example for this. Angela McRobbie (2011) speaks of a "double entanglement, across the 

socio-political universe”, in which liberation from neoconservative values in relation to gender, 

sexuality, and family life has led to a woman’s ability to choose her own path (pp.179-180). A 

woman’s ability to choose has seemingly rendered the feminist movement obsolete, as having 

“passed away,” and therefore girls and women “have arrived” as equitable members of the 

scientific community (Calabrese Barton et al., 2013). Yet, as Harding (1991) paraphrases the 

passage from Margaret Rossiter in Scientists in America, defining the feminist movement as 

unneeded and as having "pass[ed] away" may not necessarily be the case: 
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All the formal barriers to women's equity in education, credentialing, lab 
appointments, research grants and teaching positions have been eliminated; yet 
there are still relatively few women to be found as directors and designers of 
research enterprises in the natural sciences. (p. 127) 
 
Michelle Conlin (2003) argued for the post-feminist power of choice in education in her 

Business Week article, The New Gender Gap (May 26, 2003), as she contends that there is a 

"female lock on power...[that] is emblematic of the stunning gender reversal in American 

education" resulting in boys as the ‘second sex’". Yet, Barton et al. (2008) note that girls do not 

identify with science and are less likely to participate in science; however, this is given little 

notice in research (p. 71). Also, despite the fact that girls and boys do attain relatively equal 

achievement in science education, the fact that girls do not identify with science, acts as tensions 

that could, in part, cause them to shy away from a career path via science education (Barton et 

al., 2008; Brickhouse, Lowery, & Schultz, 2000; Brickhouse & Potter, 2001). These tensions can 

be also attributed to school and societal attitudes towards girls in science as being "unnatural" 

(McCrea, 2011; Barton et al., 2008), as well as the portrayal of science as masculine and the 

incapability of girls to withstand the rigors of the science curricula (Barton et al., 2008).  

It becomes apparent that those ascribing to postfeminist thought are of the mindset that 

women and girls have, once and for all, attained the equity that First and Second Wave feminists 

have fought for and desired. But Barton et al. (2008; 2013) paints a different picture. Who then is 

right? This is a question that cannot easily be answered. The drive has been to accept the passage 

into the post-feminist age and to bask in having arrived at the final destination of women having 

attained a place in science. Yet, recent numbers show us that women have not arrived in science. 

The U.S. Department of Labor, Bureau of Labor Statistics, Women in the Labor Force: A 

Databook (2013) compiled data from 2011 that shows that the number of women versus men in 

the labor force are greatest in elementary and middle school teaching, where 82% of the 
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workforce is women (p. 33). However, only 14% of architects and engineers (p. 32) and 34% of 

physicians and surgeons were women (p. 34). One can also consider pay gap issues. For 

instance, Hispanic women earn only 89% of Hispanic males’ pay, and white women earn only 

79% of what a white male earns (American Association of University Women, 2013). Given 

this, perhaps we have become more aware that women have not “arrived” and that more 

transformative research needs to be done in order to bring about a better future for girls who will 

soon enter the workforce. 

Bringing the Frames into Focus 

It is important to pause at this point and to take another look once more at the theoretical 

frameworks used to “capture” the nature of the phenomena under study and the place of the 

researcher as the generator of the study results. In this chapter, I argue that we – educators of 

science and young girls – continually traverse the bridge-ways of science learning today. We 

need to generate alternative venues for science knowing and doing that diverge from the tensions 

that encourage girls to shy away from STEM. 

The Girl Scouts organization thus provides an ideal venue for focusing on the standpoints 

of girls in science. We share a similar standpoint that seeks empowerment for girls in science, 

which is the ultimate goal of this research. At the moment, science curriculum is geared towards 

boys because positivist mindset still has a firm grasp over the way science is presented in the 

classroom. This could be changed. Helping young women participating in this study to see that 

change is possible and to see that change can begin in their own classrooms, with them at the 

leader’s helm, is the key. To achieve this goal, I need to view science from the middle school 

girls’ standpoint. Only then can I provide a space to help girls transform their science standpoint, 

and this transformation can then begin in my own classroom.  
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Roychoudhury et al. (1995) recognized that research focusing on the standpoint of all 

students in learning science must continue in order for a transformative experience to take place, 

even if this occurs in the life of only one student. All that may be needed to bring lasting change 

is the impact on one student as illustrated by the following paraphrase of Tobin, Briscoe, and 

Holman (1990): 

Even if only one student changes her views about teaching and learning science, 
the impact is likely to be multiplied, as it will foster many of her students’ interest 
[sic] in science and may even initiate further changes in the school and the system 
at large. (Roychoudhury et al., 1995, p. 918) 

 
 In much the same way, Barton et al. (2008) suggests that more research needs to be 

conducted that will aid in: 

Understanding the ways in which certain practices can help girls and perhaps all 
youth, merge the world of science with their life worlds and that these merging 
science practices can be made more transparent for teachers. (p. 97) 
 

   In both referenced studies, a common theme prevails. Research is needed that can help 

expose subtle mediational tensions that tend to marginalize girls in science and result in them 

shying away from science. The third space learning environment of the Girl Scouts could 

provide a venue in which a transformative experience could occur, which could act as a bridge 

between girls’ and their STEM participation. This could very well impact science teaching, as 

many of these students choose to teach science later in life, and they could bring new and better 

ways of knowing and doing science into their classrooms. 

Girls still face many challenges that can only be overcome through the achievement of a 

standpoint and through a personal transformation by recognizing their positionality within the 

patriarchal structures of our society. Harding (1991) recognizes that only through political 

activism can change occur (p. 127), but the oppressed need the tools to stand as activists for 

themselves and others. Roychoudhury et al. (1995) recognize that continued feminist standpoint 
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research is pivotal in that it can bring change as more students are exposed to oppression and 

marginalization.  

In this study, feminist standpoint theory helped me to view science through the eyes of 

the girls I interviewed and helped shed light on how they are being marginalized in the various 

spaces in which they are learners. This was a difficult task but a task well worth it. To quote 

Lorraine Code (1991): 

Only by taking the trouble to know other people well, in their circumstances, 
sensitive to what their circumstances mean to them, can people participate 
responsibly in each other's lives. It is not that the disadvantaged – or privileged 
– are always right, but rather that understanding has to precede criticism and 
take it seriously. (p. 312, italics original) 
 

That is my purpose: to understand girls’ perceptions of their circumstances in science and 

introduce them to mediational tools they can use to transform their relationships with science in 

spite of those circumstances. This transformative dynamic could redefine the tensions bridging 

the girl and science, so that rather than acting as an encumbrance that results in a shying away 

from science, these tensions would enable them to participate in science. Therefore, it is my 

responsibility as a researcher to participate in science with girls, so that I can accurately “re-

present” their standpoints and offer a critical evaluation of the state of science and the space that 

girls and women occupy in matters of science. With this critical evaluation comes the hope that 

transformation will become a process of questioning and bringing change to those social 

structures, if only in the life of one girl. This ever-evolving transformation can then be sown, 

through her, in the lives of others as they become exposed to the exclusive nature of science and 

begin their own transformations. My goal is that through this burgeoning exposure, the problems 

of exclusion will be taken seriously and will bring about lasting change to the social structures of 

science.  
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 In order to examine what transformation means to those historically excluded from 

science, girls and women, the next chapter details a research methodology that is influenced by 

the above discussion of learning environments, a transformative understanding of knowing and 

feminist standpoint theory. Chapter 3 presents insights into the research methodology used in this 

study that will promote a transformative experience. While Chapter 2 has been employed to lay a 

theoretical framework through which to focus this study, Chapter 3 will focus on the 

philosophical underpinnings of the processes used to conduct this research and the methods that 

will be utilized to carry the study out. 
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CHAPTER 3 
 

STUDY METHODOLOGY AND METHODS 
 

 In this study, it was my focus to explore girls’ perceptions of science through interaction 

with geoscience in the context of Girl Scout Cadettes learning together. The previous chapter 

addresses two theoretical frameworks used as a focusing lens through which this study may be 

viewed: feminist standpoint theory (Harding, 1991) and learning environments (Ahmad et al., 

2014; Cleveland & Fisher, 2014; Anagun & Anilan, 2013; Bas, 2012; Lippman, 2010; Cleveland, 

2009; Guertin et al, 2004; Khine, 2002; Lee et al., 2001; Aldridge et al., 2000; Kim et al., 1999; Taylor 

et al., 1997; Taylor et al., 1994; Taylor & Fraser, 1991). This chapter turns to the discussion of 

methodological considerations and the research methods used. The methodology, or the 

philosophical underpinnings of research (Creswell, 2013; Lincoln & Guba, 2000), outlines my 

worldview and the use of a pragmatic approach to the generation of data. Within the 

methodology section, insights into the decision-making processes involved in choosing the 

methods for conducting this study are discussed. The methods of the study refer to technical 

aspects of how this study is carried out with respect to the study methodological underpinnings. 

As noted in Chapter 1, I am employing a transformative mixed methods approach, embedding 

quantitative data gathering and analysis, within an overall qualitative study design (Creswell & 

Plano Clark, 2011). Accordingly, Chapter 3 is comprised of two main sections that provide an in-

depth description of the study methodology and study methods. 
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Methodology 

Mixed methods research can be defined as the collection, analysis, and integration of 

quantitative and qualitative data into a single study or program of inquiry (Creswell & Plano 

Clark, 2011; Tashakkori & Creswell, 2007). Sweetman, Badiee, and Creswell (2010) noted that 

key qualities of mixed methods research:  

Its core characteristics include collecting both quantitative (closed-ended) and 
qualitative (open-ended) data, the rigorous and persuasive methods associated 
with both forms of data, and the integration of the two data sets through merging 
them or connecting them sequentially, with one building on or extending the 
other. (p. 441) 
 

With this potential “building on or extending” datasets that are inclusive of both the quantitative 

and qualitative paradigms, a serious problem has arisen that has been the focal point of a “war,” 

questioning the validity of using mixed methods to conduct research. “War” most aptly describes 

it because at its center lies the debate over the incommensurability of these two paradigms, 

causing a division amongst researchers that was dubbed “The Paradigm Wars” in 1989 (Gage, 

2009, p. 10). 

 As with any battle, there must be at least two camps, or two worldviews that define the 

discord creating the “war.” In this case, these camps lie within the qualitative (interpretivist) 

paradigm, in which Wiggins (2011) highlighted researchers such as Denzin and Lincoln, and the 

quantitative (positivist/postpositivist) paradigm, with researchers such as Popper (Godfrey-

Smith, 2003). In order to understand the high level of discord between these two groups, one 

must consider their corresponding worldviews. As Wiggins (2011) states: 

To make sense of the paradigm wars, it is crucial that we understand that these 
philosophies of science originate from different views of the world, different 
worldviews. In other words, these philosophies are not simply abstract beliefs or 
propositions but very real senses of the way the world operates. (p. 45) 
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Thomas Kuhn (1962) produced the seminal work The Structure of Scientific Revolutions. 

In doing so, he “shattered traditional myths about science, and especially empiricist myths” 

(Godfrey-Smith, 2003, p. 75). Though he did not coin the term paradigm, Kuhn (1962) employed 

the concept in discussing a way of doing science in a particular field. Within the paradigm of 

doing science, certain claims about how one views the world could be made, which influence the 

methods for gathering and analyzing data as well as the “habits of scientific thought and action” 

(Godfrey-Smith, 2003, p. 78). Kuhn (1962) used the term "normal science" for work that occurs 

in the framework of a paradigm. This means that the view of those doing the work must be in 

agreement on important issues, such as the approaches taken to find solutions to problems. In 

addition, they share a common worldview (Godfrey-Smith, 2003). Thus, the purpose of a 

paradigm as framed by Kuhn (1962) was the elimination of disagreements on the fundamentals 

of doing science and a specific way to “organize scientific work (Godfrey-Smith, 2003, pp. 79-

80, italics original). 

Positivist and Interpretivist Thought 

 Both positivists and interpretivists have a set of worldviews that are defined by inherent 

differences in the way they conduct and organize their scientific inquiries as well as their 

associated philosophical assumptions. These two paradigms remained, for the most part, 

mutually exclusive until the 1980s, when an answer was sought to solve the problems in the 

American educational system (Gage, 2009, p. 4). “The Paradigm Wars” erupted over whether 

focusing on causal connections (as attributed to the positivists) or whether focusing on the 

meaning from “the actors’ point of view” (as attributed to the interpretivists) was the best course 

of action for solving these problems (Erickson, 1986; Gage, 2009). This “war” highlighted the 

apparent inability to mix the worldviews of the positivist and interpretivist paradigms, based on 



 

 46 

the incompatibility between their respective ontological, epistemological, and methodological 

assumptions. 

 Ontologically, positivist and interpretivist assumptions are polar opposites. Positivists 

claim that scientific knowledge must be free of metaphysics (i.e., the beliefs, values, and 

judgments of individuals) and must only rely on that which can be observed through 

measurement. Therefore, for the positivist, “reality is material” (Wiggins, 2011, p. 13). 

”Interpretivists, on the other hand, are concerned with the metaphysical aspects of individuals 

and postulate that observation cannot be pure because assumption, intention, values, and beliefs 

always accompany human interaction with the world around them” (Howe, 1988, p., 13 

[emphasis added]). Thus, reality for the interpretivist is derived from the meaning of phenomena 

as they are ascribed to individuals’ experiences with the world around them (Creswell & Plano 

Clark, 2011, p. 40). 

 Epistemologically, the positivist derives knowledge only from that which can be 

observed. Only knowledge gained under metaphysically exclusive standards may be considered 

true knowledge; however, the interpretivist argues that it is possible to objectively understand the 

subjective meaning of action that stems from the metaphysical (Howe, 1988, p, 13). Creswell 

and Plano Clark (2011) add that knowledge for the positivist is gained through an impartial 

relationship to that which is being researched, whereas an interpretivist seeks knowledge through 

a close relationship with that being researched. This indicates that the location of the 

subject/participant under study relative to knowing varies greatly between the two paradigms. 

 Methodological assumptions of both paradigms incorporate the ontological and 

epistemological assumptions. The methods are based on the questions being asked and the 

assumptions that each researcher is willing to make in order to answer those questions. The 
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qualitative researcher makes few assumptions so that their research can occur in an open-ended 

manner and allow for unexpected outcomes, as supplied by the participants of the study. They 

also "circumscribe the variable of interest, measure them in prescribed ways and specif[y] the 

relationships to be investigated" (Howe, 1988, p. 12). In contrast, the quantitative researcher is 

willing to assume many things, for example, that all variables are valid and that extraneous 

variables are controlled. The participants’ point of view plays little role in their research. The 

quantitative researcher seems to employ a "mechanistic, nonjudgmental component in the form 

of statistical inference" (Howe, 1988, p. 12), yet this brings into question how “objective” and 

“scientific" the statistical measurements really are when multiple judgments are required in order 

for one to determine what is actually a valid measure of the variables of interest (Howe, 1988; 

Huberman, 1987). 

 The positivist views of the quantitative camp and the interpretivist views of the 

qualitative camp seem incommensurable. More often than not, it appears that the two sides are 

talking past one another because, in one sense, they use similar language but in different ways 

(Godfrey-Smith, 2003, p. 91). Also, when they can actually communicate, there are "different 

standards of evidence and argument" that keep them divided on what "good theory is supposed 

to do" (Godfrey-Smith, 2003, p. 92, [italics original]). Yet, as Mertens (2010) notes, “who the 

researcher is and what their belief system is has implications no matter which paradigm a 

researcher calls home” (p. 16). This key point in the argument of incommensurability is that we 

all bring inherent bias to our research simply based on our belief systems. Therefore, full 

disclosure is required in order to yield a more valid study. If those beliefs are disclosed, then the 

readers can use their own judgments about situating themselves in the research based on their 

own paradigmatic views. Further supporting this premise, Howe (1988) argues that all research 
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has a qualitative aspect to it because studies tend to mix both qualitative and quantitative types of 

interpretation and then “dub” it one or the other simply based on the emphasis that was placed on 

the methods (p.12). This is where the pragmatist paradigm plays a distinctive role in research. 

Pragmatism as a Transformational Research Methodology 

 As stated earlier, ontologically, qualitative data are "intentionalist" or include values, 

beliefs, and intentions whereas quantitative data are "non-intentionalist" and exclude values, 

beliefs, and intentions (Howe, 1988, p. 11). To the proponent of incommensurability, the mixing 

of these two seems insurmountable. Yet, the pragmatist looks at this “insurmountable task” and 

is able to straddle the proverbial “fence." They view life as too complex to fit into one or the 

other camp and instead use a "what works" approach to integrate the multiple perspectives 

(Howe, 1988) of lived experiences. The pragmatist recognizes that paradigms change and with 

them ideas and beliefs that define them change (Godfrey-Smith, 2003). There is a shift in 

worldviews and the ways in which scientists and researchers experience the world around them 

as new ideas and beliefs emerge. There is recognition within the pragmatic paradigm that the 

world does not change as worldviews change, but instead the lens through which the world is 

viewed changes (Godfrey-Smith, 2003). This concept indicates that there is a truth represented in 

the world, but that we cannot completely attain this truth because our judgments are clouded by 

our beliefs and knowledge claims, regardless of whether we situate ourselves as positivists or 

interpretivists. Thus, the pragmatist chooses to abandon the ideas of “truth” and “reality” since 

they are ever-shifting. The pragmatist situates him/herself as willing to incorporate a “what 

works best” approach to their research, allowing the questions and not the methods or the 

philosophical worldview of the paradigm to guide their approaches to the research. They are 

willing to use “a practical and applied research philosophy” to guide their methodological and 
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study method choices (Creswell & Plano Clark, 2011, p. 44). It is important to recognize that 

Creswell and Plano Clark (2011) consider pragmatism and a transformative perspective as 

interchangeable concepts since pragmatist ideals lend themselves well to research seeking social 

justice, which is the marker that defines transformative research (Mertens, 2007, p. 212). I will 

use  “transformative,” for the sake of consistency, to describe both a methodology and methods 

that honor research grounded in social justice in the remainder of this study. 

Mertens (2010) utilizes Kuhn’s (1962) description of a paradigm shift, as taken from The 

Structure of Scientific Revolutions, to explain the emergence of the transformative paradigm: 

As Kuhn (1962) noted, a shift of paradigms occurs when anomalies arise that 
cannot be adequately addressed by existing paradigms. The transformative 
paradigm emerged in response to individuals who have been pushed to the 
societal margins throughout history and who are finding a means to bring their 
voices into the world of research. (p. 10) 
 

Research conducted within the framework of the transformative paradigm “directly engages the 

complexity encountered by researchers and evaluators in culturally diverse communities when 

their work is focused on increasing social justice” (Mertens, 2009, p. 10). It deals with 

emancipatory issues raised by marginalized communities, such as, those categorized as 

racial/ethnic minorities, members of the deaf community, feminists, or people with disabilities 

(Mertens, 2013). The voices of such groups typically have been given little or no power in 

decision-making and/or in research. Mertens (2007) argues that when there is a lack of 

stakeholder input or voice, that research can be skewed to cater to those in power. This supports 

the supposition that a single method used alone, in either the positivist paradigmatic or the 

interpretivist paradigmatic mindset, may not always expose the need for social change in ways 

that might be expected. Thus, mixing methods through a transformative lens serves to expose 
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this need, allowing for a holistic view of a problem, and the use of a transformative framework 

means that researchers seek a change. Greene (2008) noted that: 

A mixed methods way of thinking is an orientation toward social inquiry that 
actively invites us to participate in dialogue about multiple ways of seeing and 
hearing, multiple ways of making sense of the social world, and multiple 
standpoints on what is important and to be valued and cherished. (p. 20) 
 

The use of “multiple” here indicates that the inherent attributes assigned to the positivist and 

interpretivist paradigms might, in fact, limit the outcome of a study, but that the transformative 

paradigm worldview has its own set of assumptions that allows for the gathering of all types of 

data to best answer the questions of interest (Creswell & Plano Clark, 2011; Dovana-Ope, 2008).  

Mertens (2010) highlights, for instance, that the positivist paradigm “values knowledge 

for its own sake without the requirement that the researcher knows how the information will be 

used” (p. 12) and that in presenting their findings, they have fulfilled their ethical duties. The 

transformative paradigm values social justice as a product of the research (Mertens, 2010, p. 12). 

Therefore, it is important to note that different assumptions mediate the paradigm.  

According to Mertens (2007), research conducted in the transformative paradigm must 

focus on a “central tenet,” which is that power must be addressed in each step of the research 

process. Therefore, “[t]he role of the researcher in this context is reframed as one who recognizes 

inequalities and injustices in society and strives to challenge the status quo, who is a bit of a 

provocateur with overtones of humility, and who possesses a shared sense of responsibility" 

(Mertens, 2007, p 212). The researcher is thus required to be proactive in revealing the sense of 

social injustice as they conduct their research.  

The search for social injustice, in turn, frames the ontological assumptions of the 

transformative paradigm as the researcher recognizes that the imbalance of power is reflected in 
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the perception of reality. Mertens (2012) described transformative ontological assumptions when 

she stated: 

The researcher has a responsibility to interrogate from whence those versions of 
reality come, in terms of issues of power that might be associated with economics, 
disabilities, gender, deafness, religion, geographic location, sexual orientation, 
and the myriad other variables that are associated with differential access to 
power. The transformative research perceives that different versions of reality are 
given privilege over others and that the privileged views need to be critically 
examined to determine what is missing when the views of marginalized peoples 
are not privileged. The important question is, Which version of reality provides an 
understanding that can lead to changes in the status quo that will lead to furthering 
social justice? (p. 806) 

 
Where the positivist completely ignores the metaphysical aspects of the subject under study, and 

the interpretivist is not required to address who has the power in order to define reality, the 

transformative framework requires the assessment of the power that constitutes reality. The 

researcher recognizes that there are consequences when one form of reality is chosen over 

another, and it is up to the researcher to reveal these consequences throughout the research 

process (Mertens, 2013, p. 31). 

 Just as those with power and privilege use their empowered positions to define reality, 

they also use them to define knowledge. The transformative epistemological assumption 

questions the nature of knowledge, who has the power and privilege to decide what knowledge 

is, and who has access to it (Mertens, 2012,). Again, the positivist epistemological assumptions 

value only that which can be observed, in a distanced and impartial manner. The interpretivists’ 

seek a close relationship to that being researched, while not necessarily focusing on power 

differentials. But the transformative epistemological assumptions ask that the researcher “build 

relationships with stakeholders in culturally appropriate ways that acknowledge power 

differentials and support inclusion of all relevant voices, especially those who are traditionally 

marginalized" (Mertens, 2013, p. 31). Epistemological assumptions address the relationship that 
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the researcher and the participants share. Only by understanding the participants and building a 

relationship with them can a researcher know how to bring about a transformative experience for 

the participants. 

Study Methods 

This section describes the more practical aspects of the study methods. Transformative 

mixed methods leads this section as this research approach and involves both methodological 

and technical methods. Next, data generation tools are described followed by data analysis. The 

section concludes with a discussion of data re-presentation to prepare the reader for the study 

results presented in Chapter 4. 

Transformative Mixed Methods 

 A transformative mixed methods design (Creswell & Plano Clark, 2011) was applied in 

this study in order to provide discernment into the nature of girls’ standpoints in science. At the 

same time, transformative mixed methods allows the researcher the freedom of situating 

themselves as unencumbered by the decisions to be either solely the interpretivist or the 

positivist. Thus, the researcher is free to approach the research questions, not bounded by the 

associated structure of the given paradigm, but instead in a pragmatic manner in which the 

questions and the study context guide the actions taken to seek answers to these questions 

(Howe, 1988, p. 13). Where Howe (1988) notes that measurement typically results in categorical 

data for qualitative methods, with ordinal, interval, or ratio-scaled data for quantitative methods, 

Wiggins (2011) stresses that “there is nothing in interpretivism that prohibits the use of a 

numerical representation of data nor does positivism prohibit the use of a verbal representation of 

data” (pp.47-48). The pragmatist thus “draws on many ideas, including employing “what works,” 
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using diverse approaches and valuing both objective and subjective knowledge (Creswell & 

Plano Clark, 2011). Accordingly, this study involved use of a variety of data generation tools. 

Data Generation Tools 

 Nichols, Tippin, and Wieseman (1997) use the metaphor of a “toolkit” to encompass the 

use of the approaches that will most effectively bring about reflective research. The researcher 

does not use tools in a manipulative manner to learn about persons; rather tools are used in a 

mediational sense to enable connection and as a means of exchanging insights between the 

researcher and study participants. In this current study, several data sources drawn from the study 

methods “toolkit” were used to explore the research questions (Table 2). Foundational to the 

study was the use of data generation tools, including the qualitative tools of narrative inquiry, 

memory-work, and ethnography, as well as quantitative tools including surveys. Each of these 

data generation tools employs particular techniques selected because they have strong potential 

to generate insights salient to the study questions. The following sections describe the study 

context and participants, followed by more in-depth description and justification for the data 

generation and analysis processes used in the study.  

Context of the Study   

 This research study focused on two Girl Scouts Troops in the southeastern United States. 

Much of the study took place in a local church that doubles as their weekly meeting hall, though 

on two occasions, field trips were taken to accomplish various activities. One field trip was taken 

to a local park, which the participants had visited on several occasions during previous Girl 

Scouting activities. Another trip was taken to a library computer lab that the girls used in order to 

construct PowerPoint presentations. The computer lab was a new environment for all the girls.  
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Table 2  

Data Matrix Showing Data Used to Explore the Research Questions 

Research	  Question	   CLES	  

Participant	  
Autobiography	  

DAST	  Pre-‐test	  

DAST	  Post-‐test	  

Autobiography	  of	  
scientists	  

Backpack	  Journalism
	  

Photoessays	  

Focus	  G
roup	  

Interview
s	  

What	  are	  the	  girls’	  standpoints	  on	  
science?	  

X	   X	   X	   X	   X	   X	   X	  

How	  might	  the	  Girl	  Scouts	  offer	  an	  
alternative	  environment	  for	  
learning	  and	  doing	  science	  while	  
at	  the	  same	  time	  allowing	  them	  to	  
be	  scientists?	  

X	   	   	   	   	   X	   X	  

How	  might	  this	  Girl	  Scouts	  
experience	  transform	  the	  ways	  
girls	  engage	  with	  geoscience?	  

	   X	   X	   X	   X	   	   	  

 

Study Participants 

 The researcher used sampling strategies that involved both convenient and purposeful 

sampling (Creswell & Plano Clark, 2011). For instance, the research was directed at the Girl 

Scouts in the sixth through eighth grades, so initially the researcher sought contacts in the Girl 

Scouts and was subsequently introduced to a troop leader named Simba (pseudonym), who 

expressed interest in her troop participating in the research. Upon meeting with her, she indicated 

that another group of Cadettes also wanted to participate. The two troops of Cadettes were 

described by Simba as originating from two very different geographical areas of the city that are 

defined by a wide variance in socioeconomic status. According to Creswell and Plano Clark 

(2011), the addition of the second troop in the study promoted inclusiveness by increasing the 
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probability that the majority of traditionally marginalized groups within the pool of young 

women were adequately and accurately represented. Sampling was purposeful in that the 

Cadettes fall into the age group during which science interest begins to wane for females (Barton 

et al., 2008; Atwater et al., 1995) and the Girl Scouts offers a learning environment aimed at 

being girl-friendly. 

 Ultimately, the participants in this study consisted of 21 middle-school-aged (grades 6-8) 

girls: 15 from the original troop led by Simba (Troop 1) and 6 from the second troop (Troop 2) 

led by Sunshine (pseudonym). All members of the two troops chose their own pseudonyms 

(Table 3). Additionally, the Girl Scouts “girl-led process encourages girls to decide which topics 

they want to explore and how they want to go about it” (Girl Scouts USA-STEM, 2014). The 

participants in the study all shared a common goal encompassed in the activities undertaken 

during the study and were able to participate without interferences often found in male-

dominated science classroom environments. The girls participated in data generation through 

many tools that ultimately served to mediate meaning between them and the researcher. 
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Table 3 

List of Participants by Chosen Pseudonyms and Respective Troop Affiliations 

 

 

  

Data Generation 

 This study involved face-to-face interaction with the two Girl Scout Cadette Troops as 

they met together as a single unit over the course of six weekly meetings. The researcher used a 

transformative mixed methods approach during data generation. Within the overarching 

transformative design, the researcher used an “embedded design” approach (Creswell and Plano 

Clark, 2011, pp. 90-96). Figure 4 shows the generalized design for this study, which involves 

data gathering over three phases, conducted sequentially. Phase 1 was completed, as a means of 

informing the questioning as well as contributing to the formation of the groups during the focus 

group interviews in Phase 2. Various data generation tools were used within the meetings and 

phases, as deemed salient to the research questions. While the flow of the study is presented in 

Figure 4, a summary of data collection points in time, tools and data generation activities are 

succinctly presented on Table 4. The next section describes these phases, followed by details of 

each data generation tool and procedural matters of data analyses.  

TROOP 1   TROOP 2 

Rue Tigger Dauntless  Dancing Piggy 

Kanga Kermit Cupcakes  Hot Fry 

Rumbelle Fruit Loops Mota  Kit Kat 

JJ Universe Bobbie's Fries Stampy  Marianna 

Pigglet Peaches Oncer  Sapphire 

    Froggy 
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Figure 4. Embedded transformative mixed study design, showing attention given in 
the study to sequencing the data gathering over the three phases. 

 
 
 
 
 
 
 
 

 

 

 

 

 

Embedded Transformative Study Design 

Products: 
Data Coding 
Thematic Analysis 
Narratives 
 

quan 
survey 

Procedure: 
CLES 
DAST Pretest 
Auto/biography 

Procedure: 
DAST 
Posttest 
Group  
   Discussion 

Products: 
Descriptive           
   Statistics 
FG Interview    
   Protocol 
Analy. Memos 
FG groupings 

Products: 
Descriptive           
   Statistics 
Comparisons 
through analytic 
memos 

Procedure: 
Backpack Journalism 
Observation 
Analytic Memos 
Focus Group Interviews 

Phase 3 

Phase 2 
QUAL 

Transformative 
Narrative Inquiry 

quan 
survey 

Phase 1 
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Table 4  

Summary of Data Gathered by Meeting 

 

 Phase 1 procedures: Quantitative data generation. During Phase 1, quantitative data  

was collected using two survey tools and an interpretive tool. The first tool, the CLES, is a 

survey that combines constructivist theory and critical theory in order to assess how science (and 

mathematics) is taught in the classroom (Taylor et al., 1994). The second tool is the DAST 

(Steinke et al., 2011, Mason, Kahle & Gardner, 1991: Chambers, 1983), which applies a rubric, 

modified after that of the East Carolina University Project WISE Program (2005), to drawings 

rendered by participants as a means of quantifying their beliefs about scientists as either 

stereotypical or not (Appendix A). In addition to the survey tools, an autobiography was 

requested from each girl. 

 Classroom learning environment survey (CLES). The CLES has been used to assess the  

constructivist learning environment in science classrooms throughout the world and in various 

languages, for a variety of purposes (Kim, Fisher, & Fraser, 1999; Aldridge, Fraser, Taylor, & 

Chen, 2000; Lee & Fraser, 2001). This survey has usually focused on teachers (TCLES; Anagun 

Meeting	  	   Phase	  of	  the	  Study	   Activity/ies	   Participants	  
Present	  

Meeting	  1	   Phase	  1	   Introduction	   21	  

Meeting	  2	   Phase	  1	   CLES,	  DAST,	  Autobiography	   21	  

Meeting	  3	   Phase	  2	   Backpack	  Journalism	  Activity	   17	  

Meeting	  4	   Phase	  2	   Photoessay	  constructions	   11	  

Meeting	  5	   Phase	  2	  and	  Phase	  3	   Focus	  Group	  1/2	  interviews	  and	  
DAST	  Post-‐test	  

15	  

Meeting	  6	   Phase	  2	  and	  Phase	  3	   Focus	  Group	  3	  interview	  and	  
continued	  DAST	  Post-‐tests	  

20	  



 

 59 

& Anilan, 2013) or on whole class studies (Bas 2012; Taylor et al., 1997; Taylor & Fraser, 1991; 

Taylor et al., 1994), and it has been repeatedly cross-validated (Dryden & Fraser, 1998; Nix, 

Fraser, & Ledbetter, 2003; Sebela, Fraser & Aldridge, 2003). In the current study, the survey was 

used as a tool to understand the Girl Scouts participants in their individual classroom learning 

environment and to begin to unravel their stories of perceptions in their science classrooms. The 

CLES consists of 25 items (see Appendix A), which fall into the five scales shown in Table 1.  

 Draw-a-scientist-test (DAST). The second part of Phase 1 is the DAST (Steinke et al.,  

2011, Mason, Kahle, & Gardner, 1991), which was incorporated as both a pre- and post-test in 

this study but was used in Phase 1 only as a pre-test. During this test the participants used a blank 

sheet of paper to draw their depiction of a scientist, and a rubric (Appendix B) was employed to 

assess these drawings. Steinke et al. (2011) outlined several specific items to be coded in order to 

assess potential stereotypes of scientists: male gender, lab coat, eyeglasses, facial hair, middle-

aged or elderly, working in a lab or in the field, site/location of work, facial expression, hair, 

research symbols, symbols of knowledge, technology present, scientific captions or captions of 

discovery, mythic stereotypes, indications of danger, and indications of secrecy. 

 In some studies, race is also included as an indicator for the drawn scientist, but race 

often cannot be determined from the drawings and is thus not included as a descriptor in many 

studies (Barman, 1999). For this reason, I asked the participants to add another element to their 

DAST. They were asked to write an auto/biography about the scientist, outlining a historical 

sketch about their character and how that scientist became the depiction of the person they drew. 

So as to not lead the girls to supply any information, I left the procedures open-ended. I asked 

them only to tell me about the person that they drew. In the end, none of the girls wrote any 

information about race, though some did use the various colors of markers supplied to indicate 
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differences in skin tones and some presented distinctly Caucasian or distinctly African American 

versions of their scientists. The combination of the drawing and the auto/biography was then 

assessed using the rubric for all of the above listed elements, including race. This data was then 

analyzed using frequency counts and percentages as outlined on the rubric. In addition, the 

stories about the drawings allowed for interpretive insights to be generated about each 

participant’s tendencies to take a stereotypical view of a scientist.  

 Autobiographies. The final part of data gathering for Phase 1 consisted of an  

autobiography, which was written by each girl in journals that I provided for them. As I 

introduced this portion of the data generation during the meeting, I explained that I needed to get 

to know the girls and one way to do this was for them to write their story for me. I told them that 

it could be as long or short as they chose, but I did want it to include information about 

themselves, their family, and their school. At the end I also included two discussion topics:  

 1. Tell me about your first experience you remember about science. 

 2. Tell me about your perception of science. What is science to you and how do you 

 fit in to science? 

 Phase 1: Data analysis and grouping the participants. In order to analyze the data  

generated during Phase 1, one major assumption was made that the data gathered during this 

phase had a normal distribution. This language may seem problematic in that an assumption that 

deems part of the population as “deviating” or “normal” does not speak to the transformative 

nature of this study. On the contrary, I recognize throughout this study that the participants are 

who they are, and that a normal curve of their perceptions simply provides a way to look at this 

group. Looking at the participants in light of a normal distribution then would support the use of 

three main groups for categorizing perceptions of science rooted in the girls’ current science 
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class participation. A positive and negative endpoint could be defined based on the dataset as 

well as a neutral point (the mean), as seen in Figure 5. Each tool was analyzed through various 

means, in order to locate each participant on the spectrum between positive and negative 

perceptions (positive score = 3, neutral = 2, negative =1). The process by which these groupings 

were established depended on the analysis used for each tool. 

 

 
 

Figure 5. The three groupings of participant perception of science, originating 
from the normal distribution of the data. 

 
 
 The CLES was statistically analyzed using SPSS (Statistical Package for the Social 

Sciences). Initially, descriptive statistics were calculated in an effort to fulfill the first of two 

purposes for the study. The descriptive statistics were used to supply insight into which 

perceptional markers could be identified as potentially significant. In each subscale, I found that 

the standard deviation was less than 1.17 (Student Negotiation Scale), with the means ranging 
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from 1.86 (Shared Control Scale) to 3.65 (Science Uncertainty Scale; Table 5). The categorical 

data produced from this analysis served as a tool that provided insights for discussion during the 

memory-work focus groups. Cues and questions emerged from the CLES that focused 

interactions girls have had and currently have with scientific content and other science knowers 

in their classrooms.  

 
Table 5  

Descriptive Statistics from the CLES Scores of the Participants on Each Scale 

SCALE	   MEAN	   STANDARD	  DEVIATION	  

Personal	  Relevance	   3.50	   1.13	  

Science	  Uncertainty	   3.65	   1.03	  

Critical	  Voice	   2.66	   1.10	  

Shared	  Control	   1.86	   1.01	  

Student	  Negotiation	   3.50	   1.17	  

 

 Second, and most importantly, the CLES, combined with the other tools from Phase 1, 

served as an objective means through which the participants were sorted into groups for focus 

group interviews. Comparative statistical analysis through the “Quick Cluster” function was used 

as a means of removing myself from the process of sorting the girls into focus groups and thus 

allowing the data to decide the groupings. The Shapiro-Wilk test for normality supported my 

assumption that my data was normal, and therefore I separated the data into three groups: two 

defined by the endpoints of the normal curve (positive [3] and negative [1]) and a third 

originating from the median scores (neutral [2]). The statistical analysis then served to divide the 
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girls into groups based on their overall scores on the CLES, as they separated Tigger (39/125) 

and Rumbelle (38/125) form the other participants based on their negative classroom 

perceptions, and then through the cluster, which further grouped the girls as positive (1), neutral 

(2) or negative (3) based on their CLES scores. The groupings, in part with the other tools in 

Phase 1, were used to define the final assembly for the focus group interviews. 

 Later in the process, nearly mid-Phase 3, I realized that I had made an inaccurate 

assumption in the clustering process. I realized I had inaccurately assigned the dependent 

variable (I chose the participants scores in the CLES) and the independent variable (I had chosen 

the average scores on the CLES). Thus, the comparative analysis was really not comparing the 

subscales on the CLES as I had assumed because the dependent and independent variables 

cannot originate from the same instrument; otherwise, the data would always be significance. 

Yet, the clusters achieved were based on the initial statistical results. Despite this error, the use 

of statistical analysis nonetheless provided a means for me to objectively sort the girls into the 

groups on the basis of their perceptions of the “epistemological assumptions” being made in their 

classroom learning environments as revealed through the CLES.  

 The DAST was another tool that was used to categorize the participants’ perceptions of 

scientists as positive, neutral, or negative. In order to consistently define the perceptions the girls 

had about scientists, I drew on the list of stereotypes from Steinke et al. (2011). Specifically, I 

coded based on stereotypes of male gender, lab coat, eyeglasses, facial hair, middle-aged or 

elderly, working in a lab or in the field, site/location of work, facial expression, hair, research 

symbols, symbols of knowledge, technology present, scientific captions or captions of discovery, 

mythic stereotypes, indications of danger, and indications of secrecy. 
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 A drawing considered “positive” typically avoids these general stereotypical 

characteristics of scientists and may depict the scientist in an atypical setting (i.e., non-traditional 

setting or with outdoor equipment). A drawing deemed negative often depicts an eccentric or 

sinister character (i.e., nerdy, wild hair, evil, explosions, etc.) and often includes many of these 

stereotypical characteristics. The “neutral” scientist is not necessarily positive or negative. In this 

study, depictions of women scientists in non-traditional settings, such as that of Kanga, were 

deemed positive (Figure 6). Negative scientists were depicted as eccentric and at times sinister, 

as with Fruit Loops’ “Einstein,” or those depicted with limited context (a lot of white space) and 

neutral scientists combined these elements such as JJ Universe’s drawing of an African 

American scientist surrounded by white spaces with limited context (Figure 6).  

 Each drawing was examined for the specific elements that would aid in relegating a 

drawing to a specific category. The percentages from the DAST drawing in conjunction with the 

auto/biographies marked the participants’ drawings as generally positive, negative, or neutral 

categorizations of perceptions of a scientist and were assigned the corresponding score. In 

addition, the DAST was also analyzed interpretively to identify commonalities and differences 

that might serve as points for discussion during the memory-work focus group interviews.  
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Figure 6. Draw-A-Scientist Test examples of positive (Kanga), neutral (JJ Universe) and 

negative (Fruit Loops) perceptions of scientists. 

 
 Finally, the autobiographies were used as a tool to let the girls’ continue to sort 

themselves through their own written word. The autobiographical pieces were read, and re-read 

in order to establish an interpretation of the general sense of the participants’ attitude towards a 

science, based on the nature of the language used. For example a positive person might state, “I 

love science! It is my favorite subject.” Whereas a negative person might state, “I just don’t fit in 

to science.” The three groupings (positive = 3, neutral = 2, negative = 1) were again used. 

 The data from the CLES, DAST, and autobiography were all analyzed for their specific 

attributes that resulted in a positive, negative, or neutral categorization for each person as they 

used each tool. Each participant’s score was entered in Excel. The resulting spreadsheet supplied 

both a numeric and visual way of assessing each score (Table 6). The scores were color-coded 

for each tool to supply a graphic display that could be compared with the other tools. For 

instance, the CLES tended to have more neutral responses than either the DAST or the 

autobiography. The numerical scores were entered as well, and each score was averaged across 

the three tools for each participant to assess their general perception towards science.  
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Table 6  

Summary of the Scores for the Three Tools Used in Data Generation for Phase 1, including 
Final Score of Overall Perceptions Towards Science 

 
                       Positive     Neutral            Negative 

 
Autobiography CLES DAST  

Code Name 
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Rue   3  2    3 2.67 

Kanga  2   2    3 2.33 

Rumbelle  2  1   1   1.33 

JJ Universe 1    2   2  1.67 

Pigglet 1    2  1   1.33 

Tigger 1   1   1   1.00 

Kermit   3  2   2  2.33 

Dancing Piggy 1    2  1   1.33 

Fruit Loops   3  2  1   2.00 

Hot Fry   3   3  2  2.67 

Kit Kat   3  2  1   2.00 

Marianna   3  2    3 2.67 

Sapphire 1     3 1   1.67 

Bobbie's Fries 1    2  1   1.33 

Peaches 1    2  1   1.33 

Dauntless   3   3   3 3.00 

Cupcakes  2   2   2  2.00 

Mota  2    3 1   2.00 

Froggy   3   3 1   2.33 

Stampy  2   2   2  2.00 

Oncer  2    3 1   2.00 

SCORE CUTOFF LIMITS  

  
 + Score  

2.335-3.0 +/- Score  
1.668 - 2.334 - Score  

1.0 - 1.667 
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 Three groups were then established for the focus group interviews, based on the resultant 

data analyses. The process used to group the girls was two-fold, including the consideration of 

balancing voices of the participants’ (positive, negative, and neutral perceptions), but also 

considerations were made in regard to equal representation of the two troops within each group. 

The participants were divided into three groups of seven, with two members of Troop 2 and five 

members of Troop 1 represented in each group.  

 Phase 1 culminated with the formation of the groups and the identification of points of 

discussion to be used later in the interviews. The statistical analyses, in conjunction with some 

interpretive work, supplied a more holistic view of each girl, and enabled me to become better 

acquainted with each participant. The sequencing of data generation in each meeting provided 

opportunities for introduction to and interactions with the participants, allowing me to develop 

my relationship with each player in the study. Relationship and trust building through 

discussions during the introductory meeting and during the CLES and DAST surveys were 

important prior to beginning the activities in Phase 2 of the study. The first two meetings served 

as an open forum for the girls to talk with me (and vice versa) and thus begin to build trust with 

one another. Great care was taken to ensure that these features remained evident throughout the 

entirety of this transformative study (Creswell and Plano-Clark, 2011; Mertens, 2007, 2010).  

 Phase 2: Procedures. Phase 2 of this transformative mixed methods study involved  

qualitative data gathering, which was acquired in three parts. Initially, the girls took part in a 

backpack journalism activity, which included a follow-up activity that involved creating a 

PowerPoint photoessay, highlighting the insights gained in the backpack journalism. Phase 2 

ended with a focus group interview. The data from Phase 2 was gathered over two weekly 

meetings. The backpack journalism activity took place in a park, which all of the girls were 
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familiar with (to some degree). The construction of the photoessays took place in a computer lab 

during the fourth meeting of the study. 

 The purpose of the backpack journalism activity tool was to allow each girl to find 

enjoyment and value in the process of exploring science and then expressing their own personal 

accounts of their discoveries (Nichols, 2014). The activity allowed the participants to photograph 

and journal about geoscience from their perspectives. The participants used their mobile devices 

or cameras and were supplied notebooks. The backpack journalism activity was conducted 

during our third meeting. Each girl actively participated in photographing geoscience and 

describing their photos in their journals. I supplied a handout (Appendix C) with generalized 

promptings of how the participants should undertake this activity with the following key 

components: 

1. Take pictures of geoscience in the park. 

2. After you take a picture, describe it in your notebook. Talk about:  

a. WHAT is the subject in your photo? 

b. WHY did you choose the subject in your photo? 

c. HOW does the subject in your photo relate to geoscience? 

3. Take one final photo depicting the emotion you felt doing this activity. Did it make 

you happy, angry, bored, etc.?  Find something in the yard that depicts the emotion 

you feel and photograph it. Write about this in your notebook using the questions in 

#2.  

The girls spent more than two hours working on this activity in the park. They worked in 

groups for the most part, and stayed within sight distance of the adult chaperones. The leaders, 

several parents, and I were available for questions or problems, though I had instructed the adults 
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as well as the girls that this activity should be derived from the girls’ own perspectives. I 

specifically asked them not to seek guidance from others, but especially the adults. As the 

activity ended, I stored their photos on my laptop as a backup, in the event that the girls had 

retrieval issues later.  

The second part of Phase 2 consisted of the participants using PowerPoint to produce a 

photoessay from the photos and journal entries that they had collected. Our fourth meeting was 

established and those that chose to participate met me at a computer lab to work on the 

presentations. Initially, I had planned to meet with them over a couple of sessions to complete 

this task, but due to time constraints, they voted on one 3-hour time slot in which to work on this 

activity. In the end, only 11 girls from Troop 1 participated. Troop 2 voted not to come, but 

instead decided to work on the photoessays on their own. Most participants finished up their 

presentations within one week and submitted them to me, with a total of 15 out of the 21 girls 

turning in their presentations (see Appendix D for the list of data items submitted). The collected 

photoessays were and analyzed for themes, with the focus on the five “knowledge claims” 

proposed by Harding (1991). The use of the backpack journalism activity, culminating in the 

photoessay via PowerPoint, served as another “tool” in the “toolkit” that helped me to critically 

assess the girls’ relationships with geoscience (Nichols et al., 1997). In addition, these activities 

helped me to further build a relationship of trust with the girls. The analysis from this segment of 

the research, in conjunction with the data gathered in Phase 1, allowed me to formulate an 

interview protocol for memory-work focus group interviews. 

Memory-Work. Memory-work was first proposed by a German social scientist named  

Frigga Haug in 1987. In the book, From Girls in Their Elements to Women in Science, Kaufman 

et al. (2003) formulated a study using memory-work to understand women’s socialization to 
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nature and ultimately to science (p. 2). Memory-work is very similar to narrative inquiry in that 

he two methods share several commonalities. One such commonality lies in the perspective of 

the participant. Both methods employ “active construction” of meaning through the sharing of 

memories and personal experiences. The methods are also common from the position of the 

researcher. “The researched and researcher are both part of the process, and both parties share in 

the construction and reconstruction of the story learned through inquiry” (p 29). The main 

difference is that narrative inquiry is often biographical/autobiographical in nature, whereas the 

use of memory-work seeks a collective of voices to work together to recall discrete memories. It 

is the collective voices that were of particular interest in this study. Through the use of focus 

groups, especially in a participant pool of girls, the combination of narrative inquiry and 

memory-work elicited more openness within the participant conversations. Use of a focus group 

setting allowed for their memories to interact and thus told the story of the collective group. In 

this way, the proposed study combined the richest element of narrative inquiry (i.e., meaning 

through connection of events) and memory-work (i.e., recall of complex and discrete memories) 

to find meaning in the girls’ stories of science participation. 

The meaning that the girls brought forth in this study needed to be interpreted, so it is 

vital that I take the time to discuss certain axiological assumptions that are inherent to the 

position that I have taken as the researcher in this study. My values, combined with those of the 

participants, have shaped this narrative. My positionality as a researcher thus, has added bias, but 

this has been continually and openly discussed throughout this dissertation (Creswell, 2013, p. 

20).  

I feel one of the most important aspects of this study is an understanding of the ways that 

my positionality plays such a vital role in this research. Without my experiences in middle and 
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high school science (and math), in college science, and ultimately working as a geologist in the 

coalbed methane industry, I would not have recognized many of the issues girls in science face 

(see “Person as Instrument” in Appendix E). My story plays a vital role in the “re-presentation” 

of others’ stories. Again, this adds bias to the research, so it requires full disclosure in this study. 

My position in this story as a researcher was to help each girl see that she can be a scientist, even 

if she faces adversities similar to those that I faced. At the same time, I must realize that not 

every girl will face the same issues. My purpose was to instill within the girls that they can be 

successful in science and to transform their relationship with geoscience. I saw this as an 

opportunity to redefine “natural” in science, starting with the participants, and to help them bring 

about a transformation in their own perceptions of science. 

In the end, narrative analysis has provided organized representations and explanations of 

participant experiences as a means of telling the overall story of what I need to do as a science 

teacher to make science more accessible for girls. Learning from their insights, from their own 

standpoint and perceptions, has help me to more accurately gauge science learning as it is 

experienced now in their classes, thereby opening options for change. Narrative inquiry has 

supplied me with a pathway to connect their stories, through their voices, to others. 

Narrative research involves collecting “word data” in an interpretive and multi-method 

approach (Denzin & Lincoln, 1994; Pinnegar & Daynes, 2007). It results in a sequence of causal 

strings of experience (Kaufman et al., 2003). The associated story of experience, elicited from 

memories using memory-work, act as non-numerical data that can be analyzed and interpreted 

within the framework of transformative mixed methods. It is important to note the role that the 

researcher takes in conducting narrative inquiry. The researcher does not “find” data to collect; 

instead, they participate in the creation of that data (Riessman, 2008, p. 41). The data already 
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exists in the memories of those participating in the study; therefore, the researcher employs 

memory-work to bring those memories into the discussion. 

Memory-work also goes hand-in-hand with the use of transformative mixed methods in 

this study. Simply put, “transformative” implies a need for change to the social structures that 

exist in the world. Kaufman et al. (2003) proposed memory-work as a methodology that "allows 

a group of people, engaged collectively, to examine how they have been socialized and how they 

participate in their socialization within a culture" (p. 2) and ultimately culminating in liberation 

from oppression (p. 26). “The data generated by the method are the memories of the members of 

the group, triggered by cues or words related to the particular area of socialization the group 

wants to study” (Kaufman et al., 2003, p. 2). In this study, memories were elicited from the 

experiences of middle school girls, both in the classroom and in the everyday world, at the 

juncture in which these two worlds meet. The girls were guided by cues and questions. These 

cues were used to help the girls examine their socialization in science and acted as a guide for 

them to discuss this socialization. In the Kaufman et al. (2003) study, they used classical 

elements (air, earth, fire and water) to guide the research. In this study, several tools were used to 

guide the research. The CLES was used because it highlights five key components of girls’ 

interactions with science learning: (1) learning about the world (Science Relevancy), (2) learning 

about science (Science Uncertainty), (3) learning to learn (Critical Voice), (4) learning to speak 

out (Shared Control), and (5) learning to communicate (Student Negotiation). The 

autobiographies were used because they highlight specific memories about the girls’ 

participation in science. The DAST was used as a formation of stereotypical ideologies that the 

girls have in regards to who a scientist is and finally the backpack journalism activity and the 

presentation elicited the formation of new memories in science participation. Together, these 
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supplied a "consciousness of how we shape and are shaped [by our memories of science 

participation]: how we see, feel, and think about the world in very particular ways" (Kaufman et 

al., 2003, p. 2). The use of memory-work served to aid the girls in this study to identify and 

discuss their perceptions of science and their sense of belonging to the scientific community. It 

allowed science to be brought down to a personal level, escaping the positivistic and empiricist 

leanings of the subject. 

It is important to consider the epistemological stance of science and to recognize that 

"[m]emory-work insists on the inseparability of subject and object in that it rejects the 

privileging of distance impersonal knowing” (Kaufman et al., 2003, p. 5). This falls directly in 

line with the use of standpoint theory. Each participant has a perception of science and together 

they form a collective science experience. Memory-work, as a methodology, bridges theory and 

everyday experience by recognizing that experience is open to interpretation and no character 

traits can be assessed as "typical." There is no privilege in knowing. Ultimately, as the girls 

recognize that science has been taught to them from the perspective of male-privilege, the 

purpose of this study will be realized through a transformative event as the participants recognize 

and hopefully choose "liberation from the oppressive social structures through understanding the 

process by which we are socialized and how we participate in our socialization” (Kaufman et al., 

2003, p. 26). Together, through narration of their collective stories, it is the researchers goal to 

have the girls see that they can become the new “natural” being in science, though females in 

science have always been viewed as “unnatural” (McCrea, 2011) and that together they have the 

power to bring about change.  

Focus group interviews. The final part of Phase 2 incorporated the DAST pre-test,  

CLES, and insights from each participant’s photoessays in order to formulate questions for the 
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memory-group interviews. As outlined previously, each group was initially composed of 7 

participants. The interviews used memory-work methods to guide the participants as they 

discussed issues relevant to their perception of themselves and to other girls in science, as related 

to each form of data previously collected. The questions served as prompts to elicit discussions 

of these issues (Kaufman et al., 2003). "The data generated by the method [were] the memories 

of the members of the group, triggered by cues or words related to the particular area of 

socialization the group [wanted] to study" (Kaufman et al, 2003, p. 2). The use of memory-work 

in this study involved the autobiography writing session, chronicling the participants’ first 

memories of science, which was then incorporated into the focus group questions. Again, the 

questions included discussions relevant to their DAST and CLES surveys also gathered in Phase 

1 (Table 7). A collective discussion and analysis of those memories was followed by a memory 

reappraisal and assessment, through the initial discussion of the “Icebreaker” question (Table 7), 

within the context of a broader range of theories (Kaufman et al., 2003, p. 29).  
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Table 7 

Interview Protocol 

ICE	  BREAKER	  
	  

1) You	  all	  talked	  about	  your	  first	  memory	  of	  science.	  Do	  you	  remember	  what	  it	  was	  you	  were	  
actually	  trying	  to	  learn?	  If	  so/not,	  why?	  

	  

2) Why	  was	  this	  science	  experience	  memorable?	  
	  
DISCUSSION	  SET	  1	  	  
	  

Tell	  me	  about	  the	  places	  where	  you	  have	  learned	  science.	  
	  

1) Is	  there	  a	  “right”	  way	  to	  do	  science?	  	  
	  

2) Are	  there	  “right”	  answers	  to	  the	  questions	  of	  science?	  
	  

3) Is	  there	  a	  “right”	  place	  to	  do	  science?	  
	  

4) Is	  there	  a	  “right”	  person	  who	  does	  and	  knows	  science?	  	  
	  

5) Who	  decides	  if	  science	  is	  “right”	  or	  “wrong”?	  
	  

DISCUSSION	  SET	  2	  
	  

What	  do	  you	  think	  about	  this	  statement,	  “Others	  would	  see	  Girl	  Scouts	  as	  a	  place	  for	  learning	  
science.”	  

DISCUSSION	  SET	  3	  
	  

1) First	  off,	  what	  does	  the	  word	  geoscience	  mean	  to	  you?	  
	  

2) Did	  your	  view	  of	  geoscience	  change	  as	  you	  worked	  on	  the	  backpack	  journalism	  activity?	  Why	  or	  
Why	  not?	  

	  

3) Describe	  what	  science	  would	  look	  like,	  where	  your	  voice	  would	  be	  regarded	  as	  important.	  Does	  
this	  exist?	  How	  do	  you	  feel	  about	  this?	  Could	  you	  change	  it?	  

	  

4) Discuss	  any	  changes	  in	  the	  way	  you	  drew	  your	  second	  scientist,	  if	  there	  were	  any	  changes.	  

 

 Phase 2: Data analysis. All coding of the data in Phase 2 followed the format supplied  

by Writing Ethnographic Fieldnotes (Emerson, Fretz, & Shaw, 1995). These authors suggest 

keeping a “paper trail” as the data is coded, which involves the use of analytic memos. The focus 

is to produce a linear progression of how a researcher has analyzed the data by providing 

“asides,” which “are brief, reflective bits of analytic writing that succinctly clarify, explain, 

interpret, or raise questions about some specific happening or process” (Emerson et al., 1995, p. 

80). In doing so, each phase of the analysis of the data was documented, lending to more 
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certainty throughout the interpretation process. While this has been defined as a tool for use in 

ethnographic studies (Emerson et al., 1995), it may be assumed that it will also be quite useful in 

documenting a mixed methods study as the two data types are analyzed and ultimately 

integrated. 

 Analyzing the backpack journalism photoessays. Initially, it was expected that each  

participant would take the time to present their backpack journalism photoessays to the group 

and that I would assess each one as they were presented. As it was, Christmas break loomed 

heavily in our near future and the leaders and I agreed that schedules would not permit us to 

complete the task in a timely manner. Therefore, each girl submitted their final presentation to 

me and I went through each individually, while at the same time cross-referencing their 

presentations with their personal journal descriptions of each photograph that they took. As I 

studied each presentation and journal, I cross-referenced each with the fieldnotes that I had made 

during the backpack journalism activity. From these two sources, an analytic memo (Emerson et 

al., 1995) was drawn up for each participant, incorporating both Harding’s (1991) and Taylor’s 

(1994) particular categories. Initially, I focused only on the five points from Harding (1991) and 

Taylor (1994), respectively, but began expanding out into other themes as they emerged. In 

keeping with Creswell (1998), the points of Harding’s (1991) feminist standpoint theory 

argument and Taylor’s (1994) points about the constructivist learning environment, I was able to 

then collapse the categories into two main themes based on the photoessay and journal analyses: 

mapping the surface of science perception and in situ learning. 

 Analyzing the focus group interviews. Each focus group interview session incorporated a  

full representation of the data generated through the DAST, CLES, and autobiographies in the 

form of the cues and questions that each tool elicited. This, in turn, was used to provide a range 
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in the discussion during the focus group interviews. I repeatedly reviewed and examined the 

DAST, CLES, and autobiographical data previously gathered prior to the interview. Thus, during 

the interview I was able to reflect upon ideas that participants had presented through these three 

tools and could ask them to confirm or redirect my understanding of their beliefs and perceptions 

(Creswell, 1998).  

 The interviews were recorded via the app Super Note on both my iPhone and iPad and 

were subsequently transcribed using the voice-to-text program Siri. Special care was taken in the 

processes of transcribing to ensure that pauses in conversation (i.e., M: Mmm, I don’t...because 

you don’t realize) or interruptions during conversations (i.e., H: I didn’t get it—R: It’s not cool!) 

were noted, as well as including my own jottings of observed body language of the participants. 

This ensured a richer and deeper understanding of the conversations and the context in which 

they took place. Coding of the transcripts began within the framework of Harding’s (1991) five 

points and Taylor’s (1994) CLES scales in order to chunk the data into workable units. 

 Initially, it was intended that the study be framed around eight of Harding’s (1991) 

themes in Whose Science? Whose Knowledge? Two issues arose as I delved deeper into this 

thinking. First, Harding’s (1991) sixth point seemed to just be a continuation of her fifth point, as 

she described the roles women are expected to play in daily life, including tasks such as child 

birth and rearing that allow men to retreat to their “abstract masculinity” (p. 131). Secondly, 

Harding’s (1991) final two points focused on the researcher. The researcher, as a woman, must 

navigate a “fault line” as a marginalized stranger, trying to explain the dominant “center” culture 

to which they do not belong and simply because they are questioning this “fault line”, they must 

realize that “this is the right time in history” (Harding, 1991, p. 132). Therefore, I chose the first 

five themes, because they play a pivotal role in the theoretical framing of this study with respect 



 

 78 

to the girls. They also will serve another purpose, as a tool for thematic analysis of the generated 

data. The data will be analyzed with respect to these five themes: 

1. Women have always been devalued or neglected in matters of science knowing 

(p. 121). 

2. Women are located as “strangers” and men as “natives” in the social order, 

meaning that women are required, through “cultural sanctions,” to act and speak 

in prescribed ways (Harding, 1991; Collins, 1986; Merton, 1972) 

3. Women have “less to lose by distancing themselves from the social order” so they 

are able to offer a “fresh,” critical look at the social structure (p. 126). 

4. Knowing is an active process and as women resist the oppressive structures of the 

patriarchal society, they provide another piece to social reality (pp. 126-127). 

5. “Women’s perspective is from everyday life” through “women’s work” 

(administrative tasks) and is not expected to include the abstract concepts that 

define a man’s world (p. 128). 

These themes are not based solely on the experiences and perceptions of the participants 

in the study but also the researcher’s theoretical and observational interpretations of these 

experiences and perceptions. Therefore, it was expected that additional themes would 

arise from the collected data. Accordingly, the transcripts were color-coded to signify 

each of Harding’s (1991) and Taylor’s (1994) themes as they emerged from the data. 

Table 8 provides examples of the coding categories from this study. 
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Table 8  

Examples of Coding Categories 

Coding	  Category	  by	  Color	   Supporting	  Example	  from	  the	  Transcript	  Data	  

Women	  devalued/neglected	  in	  science	  (Harding)	   R:...if	  I	  had	  my	  opinion	  and	  science	  class,	  Like	  we	  would	  be	  
doing	  labs	  daily	  because	  I	  don’t	  understand	  the	  labs	  we	  are	  
doing	  because	  they	  are,	  like	  so	  instructed	  that	  I	  don’t	  even	  
have	  time	  to	  process	  them	  in	  my	  mind.	  It’s	  like,	  as	  soon	  as	  I	  
am	  like,	  okay...	  look	  at	  that,	  “We	  have	  to	  do	  this	  now,	  empty	  
out	  your	  beaker”,	  but	  I’m	  like	  “	  but	  I	  did	  not	  see	  what	  
happened”.	  “Well	  it’s	  too	  bad.”	  (Implying	  the	  teacher).	  

Women	  as	  strangers	  in	  science	  (Harding)	   D:	  I	  don’t	  feel	  welcome	  to	  my	  science	  class.	  It’s	  just	  like...	  
Blah...	  (H:	  	  You	  are	  miserable)	  	  yes	  
	  

Personal	  Relevancy	  (Taylor)	   R:	  Maybe	  if	  like…	  Maybe	  if	  you’re	  like	  if	  you’re	  working	  with	  
germs	  and	  there’s	  a	  lot	  of...	  You	  may	  need	  to	  have	  a	  place	  that	  
is	  like	  quarantined	  and	  you	  might	  need	  to	  have	  the	  right	  
outfits	  like	  hazmat	  suits	  
H:	  	  okay	  see	  you	  were	  thinking	  like	  “Ebola-‐ish”	  
	  

Student	  Negotiation	  (Taylor)	   D:	  ...	  I	  believe	  a	  lot	  of	  things	  that	  they	  don’t	  believe	  in	  
especially	  to	  do	  with	  science.	  And	  so	  a	  lot	  of	  my	  friends	  get	  
really	  annoyed	  about	  my	  opinion	  on	  that.	  

 

 Phase 3: Procedures. The final phase of data generation, Phase 3, consisted of the  

participants completing the DAST again, which was used as a post-test. The girls were asked to 

complete this task during our final meeting. They were also asked to write another 

auto/biography for the scientist that they drew. As it worked out, focus group 1 was not given 

time to complete the DAST post-test prior to the focus group interview. Therefore, I took the 

time during the interview to elicit their responses, stating, “I want you to base [a final DAST] off 

of what we did...you know, doing this activity together. Has anything changed for you, you 

know, in your view of what your scientist would look like, to you? If so, draw that. If it hasn’t 

draw what you generally drew before.” All the participants in focus groups 2 and the majority in 

focus group 3 worked on their final DAST during the one-hour interview with focus group 1. 

Therefore, with the exception of JJ Universe, who worked on hers after the interview, and 
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Froggy, Hot Fry, Oncer, and Mota, who never submitted a final DAST, all the other girls had 

ample time to draw a new scientist prior to the focus group interview. 

 Phase 3: Analysis. The same rubric that was used for the DAST pre-test was used to  

assess the DAST post-test. Frequency counts were made for the elements related to science, 

represented in the drawings and percentages were calculated for the positive, neutral, and 

negative representations of the scientist as a general means of comparison. In addition, the girls 

broke into their focus groups to discuss changes to their drawings from the DAST pre- to post-

test, if any occurred. The ensuing discussions were also audiotaped and transcribed.  

 I expected to find transformational themes as the participants discussed the ways and the 

reasons for changes in their perceptions between the pre- and post-tests. It is important to note 

that this pre-test/post-test design was not intended to statistically measure difference. Rather, the 

transformative design allowed for me to use the DAST renderings as a means of identifying any 

shifts in the beliefs and perceptions that the participants have had about science. At the same 

time, it must be understood that changes in belief/perception may have been only temporary, and 

thus, the results in this phase only serve to support the premise that the girls began to think in a 

transformational manner over the course of completing this study with me. In the end, only a 

longitudinal study, following the girls until they embark on their career would allow for 

measurement of transformational change in each girl’s beliefs about science. 

Artful Representations 

Data generation concluded in Phase 3, leaving me with the question of how to best “re-

present” the stories that emerged from the data. The quest to answer this “question” ended with 

Elliot Eisner. In the early 1980s, the need for Arts-based research (ABR) in the scholarly works 

of interpretive qualitative inquiry began to emerge. Elliot Eisner began his career in education as 



 

 81 

an art teacher and possessed what he called an “enlightened eye” (Eisner, 1991; 1998), which 

later was foundational in his research during his tenure at Stanford University in art education 

and curriculum studies (Donmoyer, 2014). Eisner was an especially noteworthy figure in ABR, 

introducing the need for “connoisseurship” or the art of appreciation of all that is encountered, as 

an alternative to using the more “scientific” practices of inquiry (Smith, 2005). Despite decades 

of seeking solutions for what ails the system of education through science-based practices, the 

answers have continued to elude the seekers of “the answers” (Eisner, 2009). As Rolling, Jr. 

(2010) persuasively states, “Arts-based research methodologies are characteristically emergent, 

imagined, and derivative from an artist/researcher’s practice or arts praxis inquiry models; they 

are capable of yielding outcomes taking researchers in directions the sciences cannot go” (p. 

102). The artful representation then considers not only that which can be measured but 

observations and interactions with life. In The Kind of Schools We Need, Eisner (2002) states: 

The arts inform as well as stimulate, they challenge as well as satisfy. Their 
location is not limited to galleries, concert halls and theatres. Their home can be 
found wherever humans chose to have attentive and vita intercourse with life 
itself. This is, perhaps, the largest lesson that the arts in education can teach, the 
lesson that life itself can be led as a work of art. In so doing the maker himself or 
herself is remade. The remaking, this re-creation is at the heart of the process of 
education. (p. 56) 
 

Matters of Data “Re-Presentation” 

 At the heart of this study is the quest to explore and understand the girls’ perceptions of 

science based on their scientific experiences. As I began to make the turn from data generation 

and analysis, questions began to arise about how to best re-present the girls’ stories, while at the 

same time how to best remind the reader of the nature of science that these participants 

encounter. Two venues of science knowing came to mind: one filled with rare and expensive 
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artifacts filling a multitude of exhibit halls and one a single exhibit hall filled with scientific 

artifacts derived from Alabama. 

 The Smithsonian National Museum of Natural History (referred to as the Smithsonian in 

this dissertation) is world-renowned (Figure 7). This museum exists as a part of the Smithsonian  

Institution, “the world’s most preeminent museum and research complex”, and draws millions of 

visitors each year, seeking entertainment and education (National Museum of Natural History 

[NMNH], 2014). The museum boasts over 126 million natural science artifacts on display in the 

National Mall and a venue that covers 325,000 square feet of exhibition and public space. It is 

immense and ornate, showcasing natural beauty in a manner that is, in most cases, intended to be 

viewed from a distance (NMNH, 2014). Many of the displays are too valuable to be touched by 

the public.  

 

Figure 7. Front entrance of the Smithsonian National Museum of Natural History 

 
 Some of the most eye-catching displays in the Smithsonian, to a geologist like me, are 

housed in the National Fossil Hall. Yet, the displays in the hall are not accessible. Barred 

walkways have been erected in order to reduce access only to those with special training in 
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handling artifacts of such great value and historical worth. Also, access to information is 

constrained by signs next to the displays and/or pre-recorded audio tours. The size and staff 

requirements needed to provide a more personalized tour through the museum are too great, so 

the public is provided tools to enable them to tour the museum mostly on their own.  

 We can compare the Smithsonian and its dynamic, larger-than-life exhibition halls to 

those of the Alabama Natural History Museum (ANHM). Immediately, we recognize the 

dramatic differences between the two venues. The ANHM is housed The University of Alabama 

(UA) campus, in Smith Hall. As we compare the ANHM with the Smithsonian we are struck by 

the dichotomy of access and audience presented at the two venues. Smith Hall serves as both an 

exhibition hall for the ANHM and as a classroom building for the UA Department of Geological 

Sciences (Figure 8). Over the course of a year, students taking part in geology course lectures 

and labs stream past the displays climbing the stairs to the second floor classrooms. 

 
Figure 8. Smith Hall is located on the UA campus with the Alabama Natural History 

Museum located inside.  
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 The contrast between the Smithsonian and the ANHM is immense. According to the 

Smithsonian Newsdesk (2015) the Smithsonian attracted approximately 7.3 million visitors in 

2014 and is the most visited museum in the Smithsonian Museum network, while the ANHM 

does not cater to nearly this many visitors. The Smithsonian contains thousands of displays and 

vast quantities of information to be gleaned in an expansive facility, where the ANHM is a small 

venue, with limited resources and fewer displays. However, this does not suggest that the 

Smithsonian is necessarily a better venue, but rather that each museum gallery is intended to 

provide a specific insight to a specific audience. There is a story of access. The costs of travel 

and the content of the Smithsonian make the museum less accessible to the average person. On 

the other hand, the ANHM on the other hand reaches out to that “other” person, providing easy 

access and a nominal entry fee. Patrons are provided direct access to exhibits of wildlife, fossils, 

and rocks native to the state, as well as a chance to explore the historical roots of the first 

geologists’ mapping the state geology. Curators are on-hand, ready to answer any questions that 

might arise. Ultimately, the ANHM provides a portal of access far different from that of the 

Smithsonian. 

In the following chapter, I metaphorically serve as the ANHM curator, “re-presenting” 

several exhibit halls of narratives, which are a portraiture of various girl’s stories. This “museum 

setting” might seem less daunting and may attract a different audience than that of the 

Smithsonian. I offer up access to my interpretive gallery, framings of teaching young women 

science, recognizing that these study insights are artful “re-presentations.”  

This research is the culmination of a researcher interacting with the world of the Girl 

Scouts, and a journey of exploration defined by the interaction of lives, in spaces, and within the 

bounds of the time constraints of daily living. In this study, I have employed a mixed methods 
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approach, combining a feminist standpoint lens and a lens of learning environments to “re-

present” the lived experience of girls involved in a Girl Scouts activity. The intent of the study 

was to explore new ways of coming to know and do science through engaging girls in a 

geoscience investigation. Chapter 3 has described the rigorous means through which to explore 

such a phenomena. Next, in Chapter 4 I combine the richest elements of narrative analysis and 

memory-work, along with the analyses of the embedded quantitative methods to allow the girls 

to present their stories to me and then for me, as the researcher, to “re-present” those stories as 

narratives. “The researched and researcher are both part of the process, and both parties share in 

the construction and reconstruction of the story learned through inquiry” (Kaufman et al., 2003, 

p. 29). The explorative nature of this study rests in the findings, as the two parties involved, 

made-up of the various voices, as they have interacted in space and time to generate the 

narratives. The “re-presentation” of findings across all three phases of the study is necessary. As 

we move into Chapter 4, we will enter a metaphorical museum in which the reader can walk 

through and interact with the participants on varying levels, as their stories are re-presented in 

the exhibit halls.  
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CHAPTER 4 
 

“RE-PRESENTING” THE FINDINGS 
 

 
 Chapter 4 is divided into two major sections. It begins with the stories developed through 

the use of the quantitative instruments as they served as tools of sorting. The stories of sorting 

are then followed by a transition into a metaphorical geologic museum, composed of three 

exhibition halls and developed through the interpretation of the qualitative data. This 

representation of the data conceptually fits with the notions of learning environments, 

geoscience, and arts-based research as a means of “re-presenting” the data. 

The “Sorted” Story: Groupings through Phase 1 Analyses 

 Phase 1 of the study served a very specific role as a pathway to introduce the participants 

and the researcher to one another, to introduce the study to the participants, and to provide 

sorting tools to separate the participants into smaller groups for the focus group interviews. 

While this process of sorting the participants may simply seem to be a way in which to choose a 

representative sample, and thus not be considered a finding in the study, that is not the case. The 

data generated during Phase 1 took into account methodological considerations used to conduct 

focus group interviews with minors. The sorting of the girls into the three groups was not an 

attempt to distinguish a representative sample; rather, the groupings served a purpose to provide 

the girls a space in which to discuss their stories. Honoring the research of Horner (2000) and 

Gibson (2007), focus interview groups should consist of only 5-8 girls. Since the maximum 

number of participants at any given time throughout the study was 21, it was decided that three 
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groups would be ideal based on the time planned by both the researcher and the troop leaders for 

the focus groups interviews. The intention was to cluster the girls in groups of seven participants.  

 The data from the CLES, DAST, and autobiographies generated during meeting two were 

the basis for deciding how to cluster the girls. The groupings were intended to provide the most 

accurate representation of the various voices as presented through these three data sources. In a 

sense, though the girls did not recognize the nature of these tools for sorting, they took on the 

active role of sorting themselves, and thus generally removed me from the process of sorting 

them. Their responses through each tool began a process through which each participant began to 

tell their own personal story of science participation and became the foundation of the grouping 

process. The girls’ voices were honored through the process of grouping and each girl was 

agential in distinguishing herself as belonging to a particular perception of science. They were in 

no way coerced into a perception. Rather, they were given the freedom and the space to ascribe 

their own perceptions to science participation through the CLES, DAST, and their 

autobiographies. 

The CLES Results 

 I first used the CLES results to identify and sort the study participants according to 

perceptions of science. Using the Shapiro-Wilk test of normality on the SUM residuals (p = .278; 

α = .05), it was determined that the data was normally distributed, and the initial assumption was 

made to divide the girls into three groups based on the positive and the negative endpoints and 

central (neutral) portion of the normal distribution. In addition, I calculated descriptive statistics 

for the sum of the data for each girl as well as the subsets for each scale of the CLES: Personal 

Relevance (PR; Q 1-5), Science Uncertainty (SU; Q 6-10), Critical Voice  (CV; Q 11-15), 

Shared Control (SC; Q 16-20) and Student Negotiation (SN; Q 21-25) to gain insight into the 
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overall data spread. Through the CV scale, with a mean of 2.66 and standard deviation of 1.10, 

and the SC scale, with a mean of 1.86 and a standard deviation of 1.01, I recognized that the 

responses had a somewhat more negative tone than for the other scales (Table 9). As a result, 

these two scales became a central focus of generating the focus group interview protocol 

questions.  

 
Table 9  

Summary of the Descriptive Statistical Analysis for the Sum of Individual Scores and Average 
Scores of Individuals on Each Scale of the CLES 

 

 

 In addition, the statistical analysis highlighted certain participants who were negative 

outliers, as seen in Figure 9. As shown, the majority of the participants’ sums from their CLES 

responses ranged from approximately 60 to 107 out of 125 possible points. Rumbelle and Tigger 

emerged as negative outliers (Figure 9). The descriptive statistical analysis thus served to 

demarcate the negative perceptions from the neutral and positive perceptions.  

n=	  21	   	  
Mean	  

	  

	  
Standard	  
Deviation	  

	  

	  
Outliers	  

SUM	  of	  Individual	  
Scores	  

75.76	   17.143	   Tigger	  and	  Rumbelle	  

Personal	  Relevance	  
Scale	  –	  Averaged	  

3.4952	   1.13	   Kanga,	  Tigger	  and	  
Rumbelle	  

Science	  Uncertainty	  
Scale	  	  Average	  

3.6476	   1.03	   Rumbelle	  

Critical	  Voice	  Scale	  
Averaged	  

2.6571	   1.10	   	  

Shared	  Control	  Scale	  
Averaged	  

1.8571	   1.01	   	  

Student	  Negotiation	  
Scale	  Averaged	  

3.4952	   1.17	   	  



 

 89 

 

Figure 9. Box plot of individual scores from the CLES, highlighting outliers 
Rumbelle and Tigger. 

 
 I then employed the clustering function of SPSS as a means of dividing the neutral and 

positive perceptions. This resulted in Rumbelle and Tigger being clustered into the negative 

perception group (9.52% of all participants), thirteen girls clustered as neutral (61.91%), and six 

girls clustered as positive (28.57%; Figure 10). The negative, neutral, and positive perceptions 

based on the CLES were then allocated a score of 3, 2, and 1, respectively, and were later applied 

with the other Phase 1 tools to formulate the final groups for the focus group interviews. 
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Figure 10. Results of the clustering process derived from the CLES scores. 

 
The DAST Pre-Test  

 The DAST pre-test was the next factor that contributed to the sorting. The DAST rubric 

(Appendix B) breaks the stereotypical markers of a scientist into seven categories (Table 10). 

Each drawing was assessed for these categories and assigned to either the positive, neutral, or 

negative grouping based on the overall character of the depicted scientist in conjunction with the 

scientific context that the character was presented in and other anomalous markers (i.e., female, 

African American, etc.).  

 
Table 10  

Seven Categories with Sample Items used in assessing the DAST  

Category	   Sample	  Items	  

Personal	  Characteristics	   Lab	  coat,	  eyeglasses,	  etc.	  

Symbols	  of	  Research	   Test	  tubes,	  Flasks,	  etc.	  

Symbols	  of	  Knowledge	   Books,	  filing	  cabinets	  

Signs	  of	  Technology	   Solutions	  in	  glassware,	  machines	  

Gender	   Male,	  Female,	  Does	  not	  say	  

Race/Ethnicity	   Caucasian,	  African	  American,	  etc.	  

Overall	  Character	   Eccentric,	  Sinister,	  Positive,	  etc.	  

9.52% 

61.91% 

28.57% 
Negative	  

Neutral	  	  

Positive	  
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 Negative perception grouping. Three of the girls drew a famous scientist (always  

depicted as males) without exhibiting a context for his work in science, and all three were put in 

the negative perception group. Another example came from Bobbie’s Fries, who drew Albert 

Einstein in the context of a lab with “E=mc2.” She also shared a story about him dying when his 

experiment went wrong, so she too was assigned to the negative perception group. Eight other 

girls were also assigned to this group because their drawings depicted limited context (lots of 

white space) and/or as sinister or eccentric characters. In some cases, their associated biography 

was stereotypical. If they did not draw a person, they were also assigned to the negative 

perception group. This means that over half of the girls (57%) depicted the stereotypical scientist 

and/or indicated negative perceptions of science. 

 Neutral perception grouping. Five of the girls (24%) were assigned to the  

neutral perception group based on several key features of their drawings (Figure 11). For 

instance, Stampy depicted a famous scientist in her drawing. Stampy’s Galileo was stereotypical, 

but at the same time, he was using his telescope to view constellations and planets. I viewed the 

typical male scientist as a negative indicator, while the positive aspects of him doing science in a 

non-lab setting was positive and therefore, I combined these to conclude that Stampy had a more 

neutral perception of a scientist. JJ Universe included very positive insights as she drew an 

African American scientist, but she drew this scientist in a space without context, which is a 

negative indicator. Instead of viewing her drawing as negative or positive, I deemed it neutral 

because few of the participants actually included African Americans as an identifier associated 

with a scientist. Hot Fry drew “a person that graduated from college and got his master [sic] in 

biology and became a scientist.” Though the drawing has limited context, it showed that she 

recognizes that there is a pathway that one is required to travel in order to have a career in 
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science. Kermit drew a somewhat eccentric scientist, but in the context of learning about various 

types of science. She represented context including biological, earth and space, and physical 

science, and thus, I believe her drawing belonged in the neutral perception group. 

  

Figure 11. Breakdown of participant perceptions of scientists and science 
based on the DAST. 

 
 Positive perception grouping. Positive perceptions were defined by drawings that all  

depicted women. But, more than that, their associated biographies captured the positive 

perception. For instance, Rue stated that her person, “Samantha” was not a scientist but “she 

does explore lots of things and come [sic] up with new inventions and ideas.” In other words, 

Samantha is a citizen scientist. Kanga’s scientist has had some trouble in the lab, “But she says, 

‘That’s how I learn...failure.’” Marianna’s scientist works in a forensics lab, and she can be a 

stylish woman while still being a scientist. Dauntless’ scientist, “Sophia Lightbloom,” is in a 

space ship studying the galaxies and the night sky. Each girl had a positive twist on how they 

viewed a scientist. Therefore, four of the girls DAST representations, or 19% were positive 

(Figure 11).  

57% 24% 

19% 

Negative	  

Neutral	  	  

Positive	  
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Autobiography 

 The final decisions for sorting the girls were determined through their autobiographies. 

The girls were asked to write about anything that they chose to share about themselves and their 

family. In addition, I asked them for their first memory of science, their overall views on science, 

and how they fit into science. I specifically focused on the questions about science and coded 

their responses as negative, neutral, or positive perceptions.  

 Negative perception grouping. Seven girls (33%) had negative perceptions (Figure 12).  

They shared comments like, “I don’t really like science. I just never have.” (Tigger), or “I don’t 

like science well science is my worst subject” (Sapphire). A commonality emerges from each of 

these girls’ responses: that science is not for them. For instance, in the case of Sapphire there is a 

sense of science being bound into a single time slot in school. For several other girls, such as 

Dancing Piggy, Bobbie’s Fries and JJ Universe, there is a belief that they do not “fit” into 

science at all. Each girl with a negative perception, as presented in their autobiography, sees 

themselves on the margins of science, participating in school, and only recognizing their own 

personal interaction with scientific knowing and doing in the school environment. 
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Figure 12. Breakdown of participant perceptions of science based on the 

autobiographies. 
 

  

 Neutral perception grouping. The girls into the neutral group did not see science as  

exclusionary, but at the same time, they did have some negative ideas about science. For 

instance, Rumbelle stated that her views on science are, “that science is good, enjoyable but can 

be dangerous.” Oncer said, “My first experience with science I didn’t really like it. Now I still 

don’t like it. However, last year I loved science! We were learning biology and other life stuff.” 

The neutral perception group is not completely turned off to science, though they have 

encountered events that have affected any positive perception they might have. Six girls (29%) 

gave indications of a conflicting view of science, marked by both positive and negative 

perceptions of science and their place in science. 

 Positive perception grouping. Eight girls (38%) indicated more positive views in their  

perceptions of science. Every girl in this group stated that she either “likes” or “loves” science 

and that she “fits” into science. A girl with a positive view of science sees science as an 

33% 

29% 

38% 
Negative	  

Neutral	  	  

Positive	  
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opportunity to explore the world around her and to learn new things. Some, such as Rue and 

Dauntless, recognize that science extends beyond the walls of the classroom, but others find joy 

in science in school with little mention of participation outside of the classroom. Either way, the 

environment in which they learn science does not temper their perceptions. They simply find joy 

in participating in doing and knowing science. 

Formulating the Groups  

 Once the responses from each of the three tools were determined, the finalized groups 

were established. The girls were assigned a code/score: 1 for negative, 2 for neutral, and 3 for 

positive based on the groups assigned through the CLES, DAST, and autobiography responses 

and these scores were then averaged (Table 6). Girls with an average score of 2.34 and above 

were considered positive and this included Rue (2.67), Hot Fry (2.67), Marianna (2.67), and 

Dauntless (3.00). Kanga, Kermit, Fruit Loops, Kit Kat, Cupcakes, Mota, Froggy, Stampy, and 

Oncer were all neutral. Finally, Rumbelle, JJ Universe, Pigglet Tigger, Dancing Piggy, Sapphire, 

Bobbie’s Fries, and Peaches rounded out the negative set. The next step in organizing the groups 

was to bring a balance of voices from each of these three sets while at the same time, including 

both troops. As outlined previously, Troop 1 consisted of fifteen girls, and Troop 2 consisted of 

six (Table 2). The sorting process initially grouped the girls into three groups of seven. But, as is 

common when working with human subjects, circumstances often require change. Or as Robert 

Burns is often quoted, “The best laid schemes of mice and men often go awry.” On the night of 

the interviews, my intended sorting scheme went awry when several of the participants in group 

1 were unable to attend the meeting. I was therefore required to make a quick change, using my 

best judgment to attempt to balance the perceptions as well as the representatives from each 

troop. Thus, the finalized groups for the first and third focus group interviews were changed, 
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while group 2 was kept intact, since all participants were available. Therefore, with the original 

intent being three groups of seven participants, the final groupings consisted of four participants 

placed in group 1, seven participants in group 2, and nine participants in group 3 (Table 11).  

 
Table 11  

Intended Groups of Participants and Final Groups Used for Focus Group Interviews 

INTENDED	  GROUPING	   	   	   	  	   FINAL	  GROUPING	   	   	  
Group	  1	   Participant	   Perception	   Troop	  #	   	  	   Group	  1	   Participant	   Perception	   Troop	  #	  
	   Hot	  Fry	   +	   2	   	  	   	   Kanga	   Neu	   1	  
	   Kanga	   Neu	   1	   	  	   	   Fruit	  Loops	   Neu	   1	  
	   Mota	   Neu	   1	   	  	   	   Pigglet	   -‐	   1	  
	   Stampy	   Neu	   1	   	  	   	   Dancing	  Piggy	   -‐	   2	  
	   JJ	  Universe	   Neu	   1	   	  	   	   	   	   	  
	   Dancing	  Piggy	   -‐	   2	   	  	   	   	   	   	  
	   Pigglet	   -‐	   1	   	  	   	   	   	   	  
	   	   	   	   	  	   	   	   	   	  
Group	  2	   Dauntless	   +	   1	   	  	   Group	  2	   Dauntless	   +	   1	  
	   Rue	   +	   1	   	  	   	   Rue	   +	   1	  
	   Marianna	   +	   2	   	  	   	   Marianna	   +	   2	  
	   Kit	  Kat	   Neu	   2	   	  	   	   Kit	  Kat	   Neu	   2	  
	   Sapphire	   -‐	   2	   	  	   	   Sapphire	   -‐	   2	  
	   Bobbie's	  Fries	   -‐	   1	   	  	   	   Bobbie's	  Fries	   -‐	   1	  
	   Tigger	   -‐	   1	   	  	   	   Tigger	   -‐	   1	  
	   	   	   	   	  	   	   	   	   	  
Group	  3	   Kermit	   Neu	   1	   	  	   Group	  3	   Hot	  Fry	   +	   2	  
	   Cupcakes	   Neu	   1	   	  	   	   JJ	  Universe	   Neu	   1	  
	   Fruit	  Loops	   Neu	   1	   	  	   	   Cupcakes	   Neu	   1	  
	   Oncer	   Neu	   1	   	  	   	   Kermit	   Neu	   1	  
	   Froggy	   Neu	   2	   	  	   	   Mota	   Neu	   1	  
	   Peaches	   -‐	   1	   	  	   	   Froggy	   Neu	   2	  
	   Rumbelle	   -‐	   1	   	  	   	   Stampy	   Neu	   1	  
	   	   	   	   	  	   	   Rumbelle	   -‐	   1	  
	   	   	   	   	  	   	   Peaches	   -‐	   1	  

  

 Phase 1 thus, served to group the girls in accordance with their own voices and through 

their own agency. The girls provided an assessment of their science participation through their 

own lived experiences. The process of sorting, though well intended, took a twist due to the 

messiness of lived experiences of the girls in the study. Despite the best-laid plans through 
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quantitative assessment, working with human beings brings with it an uncertainty that can never 

fully be accounted for. Sickness, extracurricular activities, and family emergencies all accounted 

for several girls’ inability to participate in the first two focus group interviews. Life is messy and 

unpredictable, but despite this, the girls’ stories continued to emerge. Yet, the quantitative nature 

of Phase 1 highlighted several key issues used to design the interview protocol, defined 

groupings of the girls and was the starting place for the emergence of each girl’s story that will 

be expanded in for the qualitative work of Phase 2. 

 The remainder of Chapter 4 will continue to focus on the further development of the 

girls’ stories by taking the reader on a journey through a metaphorical geologic museum of these 

lived experiences, with an effort to reach out to a specific audience for a specific purpose. Evans 

(2012) recognized the need for arts-based inquiry as a nonlinear approach to “transmitting 

information through text” (p. 118). Therefore, it was my intent to incorporate not only the text to 

transmit meaning, but also to include images that will heighten the meanings generated in this 

study. We often hear that “a picture is worth a thousand words.” A museum is an environment of 

learning that combines text, pictures, and artifacts as a means of supplying the learner with a 

more complete, holistic view of the subject matter. In a similar way, the rest of Chapter 4 will 

take the reader through halls of the museum, while highlighting the transformative insights 

gleaned from the study. 

The Geologic Museum: Three Exhibition Halls of Transformative Insights: Phase 2 

 The remaining part of this chapter is metaphorically organized as a museum; featuring 

three halls housing exhibits re-presenting study insights generated through the data analyses in 

response to the research questions. The reader is guided through three galleries, including: (1) 

Mapping the Surface of Science Perception: The Girls’ Standpoints, (2) In situ Learning: 
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Knowing at the Road Cut, and (3) The Transformative Experience. Each exhibit hall portrays 

images and stories re-presenting the multiplicity in ways of knowing, visions, and experiences 

that we all brought together through sharing our own specific insights and standpoints 

throughout the study. 

Exhibition Hall 1: Mapping the Surface of Science Perception: The Girls’ Standpoints 

 As you enter the museum, you will stand in the vestibule. Imagine if you will, signs 

directing you to the three exhibit halls. I, as the researcher, represent the curator, and am not 

necessarily needed to guide you through. However, I will initially join you as you enter the first 

exhibit hall because in this hall, you will recognize that while I am the curator, I am also the 

cartographer, drawing the map of science perceptions from the stories I gleaned from the girls’ 

standpoints. In this exhibit hall, you will see the features associated with positive, neutral, and 

negative science perceptions. I first would ask you to join me as I explain my role as the 

cartographer of this map room. 

 The cartographer. I am the cartographer, drawing the lines of the girls’ stories. At  

times, I am very certain due to the forthright manner in which the data was presented. At other 

times, I am left with gaps, which make interpretation a necessity. I liken this interpretive exercise 

of hearing, reading, and observing the girls’ representations of themselves in science to creating 

a topographic contour map. For a geologist, a topographic map is an invaluable tool that uses 

lines of equal elevation (contour lines) to represent the geological relief (both vertical and 

horizontal dimensions) of a land area, and it allows one to use the features around them to locate 

their position on the map (Figure 13).  
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Figure 13. Example of a geologic contour map. 

 
 Similar to the ways that the geologic landscape can be represented on a topographic map, 

my overall interpretation of the girls’ standpoints may also be “mapped” and thus a clearer 

picture of their standpoints emerge. Though, when mapping standpoint, the cartographer and 

those using these tools must be aware that several distinct features define the map. The first 

consideration is scale. The scale of the map is important because it controls the level of detail 

that can be drawn on the map. For example, some maps cover vast areas of land in a small space 

but with limited detail, so they simply supply a general overview of the geology (Figure 14). 

These are considered small-scale maps.  
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Figure 14. Small-scale contour map of Birmingham and surrounding areas including 
Tuscaloosa, AL (Circled); scale = 1:125000. Downloaded from store.USGS.gov. 

  
  On the other hand, a large-scale map is produced to show detailed work. The area 

covered is smaller than that of the small-scale map, but the features on the large-scale map are 

higher resolution and can be studied more precisely as illustrated in the example in Figure 15. 
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Figure 15. Contour map of Tuscaloosa, AL; Scale = 1:24000. Downloaded from the 
Geological Survey of Alabama. 
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 A close comparison of these maps shows that the city of Tuscaloosa is circled on the 

small-scale map (Figure 14), and we are able to look at the geology here in context with that in 

Birmingham and several other smaller communities. However, we cannot make out the defining 

characteristics around Tuscaloosa given the scale. Only when we change to the large-scale map 

do the details defining Tuscaloosa emerge (Figure 15). We are able to see features such as roads, 

schools, and churches and in addition, the localized topography in much greater detail. Though 

context to the overall picture is somewhat lost, the detail that the large-scale map provides 

ultimately can lead to a better understanding of the small-scale map. 

 The girls in this study served as a small area for me to map. There were 21 in total, 

representing two different troops, and through this study it was revealed that the girls’ 

perceptions of science vary greatly. Because I was focusing on a small area, I was able to map it 

in great detail. Ultimately, if I mapped several locations in the detail used in this study, a better 

understanding of girls’ perceptions of science could be obtained and applied to the “big picture.” 

However, that must be saved for another set of studies. The focus right now is these twenty-one 

girls. 

 In addition to study scale, another consideration is that in order to respectfully “re-

present” these girls’ perceptions, several rules must be considered while mapping them. I have 

used a manner similar to the rules geologists follow as they undertake the endeavor to map an 

area of land. This requires taking into account that the girls are unique individuals, and each one 

deserves the special consideration of being given the cartographer’s (researcher’s) fullest 

attention, as they map the girls’ perceptions. The following “rules” have remained at the 

forefront of the interpretation as an attempt to avoid any misrepresentation of their stories:  
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1. Contour lines never divide or split. Each girl represents a line to herself. The girls are 

negotiating a path of becoming that should not be under anyone’s control but their own. 

However, some girls have the agency to confidently lay down their line and accept it as 

they go, while other girls may tend to choose a dashed line of uncertainty.  

2. Contour lines do not simply end. In other words, the girl’s perception involve more than 

what is represented on the map.  

3. Each contour line represents one elevation and this elevation translates into a snapshot in 

time when I worked with the girls. At any given time an event can occur (earthquake, 

compression, erosion, uplift) that can their elevation on the map. Geologic processes are 

continual, as are the girls’ ever-changing views of their place in science. 

4. Contour lines never intersect other lines (they represent discrete elevations). The girls are 

each their own person. They will never be exactly like one of their peers, so it is 

important to recognize each girl for the unique qualities that makes her the person that 

she is. 

5. Time changes the map. Various processes bring change to the topography. Some happen 

quickly and often cataclysmically, while others are gradual processes.  

The analogy of the contour map takes into account issues of power, social justice, and voice as 

ground rules. These are established so that the cartographer/researcher is mindful of the ways in 

which their “re-presentations” of the girls’ stories are presented. With these rules of mapping 

established, features on the map of participant perceptions of science emerge. 

 Features on the map. The contour lines represented by each girl combine to formulate a  

surface elevation map of science perception. Just as a topographic map is a representation of the 

undulations of the land surface, this hypothetical map of the girls’ perceptions is an undulating 
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surface of high and low perceptions of science. Some of the girls are high up on a mountain 

(though it is important to note that no one is at the top), while others are in the rivers, the lower 

points on the map. There is a continuation between these two locales as each girl contours her 

own location on the map. It may help to picture the girls’ perspectives of science as the slopes of 

the Grand Canyon as they converge within the depths of the Colorado River (Figure 16). In some 

places, the slopes on the mountainsides are steep, and cliff-lined. In others, they gently slope into 

the river. With this analogy, some girls are above the water surface (positive perceptions), some 

are at the edge of the river (neutral perceptions), and some are deep below the surface (negative 

perceptions). Other girls fill the contours in between and no two girls are alike. Each of the girls’ 

stories help to define the contours that make up the continuation of the topography from the 

mountainside perception, to the river’s edge perception, and down to the river depths perception.  

 
Figure 16. Photograph of the topography of the canyon walls as they 

converge in the Colorado River. Photograph supplied by Philip G. Malone. 
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 Features of the stories on the mountainside: Positive perceptions of science. The girls  

on the mountainside have a story to tell, but it is not the same story as those at the river’s edge or 

those under the water. Their stories consistently tell of others that have impacted their views of 

science and encouraged them to see science as both useful and as a necessary part of living. In 

this sense, for the girl on the mountainside, science is not necessarily confined to one place, but it 

is a part of whom they are within any given space. Their story often consists of agency and voice 

through their sense of being valued. 

 While several girls’ stories helped define the features of the mountainside perceptions of 

science, the most compelling story of the mountainside is that which was told by Dauntless. 

Dauntless. Think about that name. It is the picture of certainty and Dauntless is certain in almost 

all that she does. As she entered the Girl Scouts meetings, Dauntless was embraced into the 

center of the group and the other girls congregated around her. She commands the room, not with 

arrogance, but rather as a self-assured person to whom others are drawn. She leads by example, 

listening first and offering others advice as they ask. In science, she is no different. She knows 

what she believes, values others’ voices, and learns at every opportunity. She is a leader in 

science and this stems from the long history she has had with science that began before she even 

started school. It began when her father and sister worked on a science project together out on 

their back patio and took the time to include her. 

D:  [My first science memory] was before I even started science and I was watching 
my sister and my dad doing a project where they were putting their hands and warm 
and cold water. And I can’t remember exactly why they were doing that, but I 
remember being really excited about that because when you would put your hands in 
the cold water and then when you put your hands in the warm water your hands felt 
really cold and vice versa. But I don’t remember much. 
 

Being included in science learning at such a young age laid a foundation of being accepted into 

science as a practice within her family and Dauntless was excited about science as she began to 
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try to understand and explore her world. Her dad and sister could have excluded her, citing a 

need to finish or that this was important for her sister and that she was in the way. Instead, 

Dauntless was given access to a positive science experience and was allowed to participate and 

learn science. She was not excluded from their ways of practicing science. 

 Dauntless knows that her voice is strong in her science classroom. She is currently in 

homeschool. While she supplied little insight about her teacher, it is evident that she knows that 

her science teacher values her opinion and that she matters (CLES CV scale scored 5/5, SC scale 

scored 4.4/5). Dauntless knows that she can question the way she is being taught and what she is 

learning. She can complain about confusing activities and things that keep her from learning. She 

feels empowered by a learning environment that encourages her to question her teacher’s 

pedagogy and to express concern about impediments to her learning. She stated in her CLES that 

she is active in planning, conducting, and assessing her classroom learning (scored 5/5 on 

question 16 and 17, respectively). So, just as her father and sister did, Dauntless’ science teacher 

has invited her to participate in science knowing and learning.  

 This does not mean that her voice is always appreciated, especially among her peers. On 

several occasions, during the focus group interview, Dauntless expressed misgivings about her 

peers’ opinions of her own scientific belief on three distinct occasions: 

D: Well I think my voice is kind of heard in science because I tend to like, annoy 
people I believe. A lot of my friends, like, not to be offensive to people who are 
really conservative, but they are really conservative about stuff and I am not 
terribly conservative. And so I believe a lot of things that they don’t believe in 
especially to do with science. And so a lot of my friends get really annoyed about 
my opinion on that. 
 
D: Um, like I am perfectly okay with people having their own opinion but the 
problem is when they disrespect my opinion. Dauntless distinctly defined her 
stance on science through several that’s what aggravates me. 
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D: Yeah! I don’t care if they don’t believe what I believe and I am perfectly 
happy being the only person... well not the only person... but they can’t force me 
to believe what they want me to believe. I am perfectly happy with what they 
believe. 
 

Dauntless recognizes that the voices that make-up science originate from beliefs, values, and 

opinions and thus understands that disagreement will occur. Even when others are not willing to 

be inclusive of her ideas and often become “annoyed” with her voice, she sees herself as 

inclusive to accept what they believe. The negative voices of her peers do not temper her love for 

science and her positive perception of science. In fact, Dauntless sees science as a place to 

explore, dream, and question. This is illustrated when she said, “I don’t do terribly many 

experiments at home. I do some, but that often I would do it just by myself. Like I am really into 

the ocean creatures so I’ll just research ocean creatures all afternoon.” From her statement, I was 

able to envision a science that is an active and inclusive practice, and as one that she can lose 

herself in for an afternoon of enjoyment as she discovers the world. 

 Dauntless distinctly defined her stance on science through several tools I offered her 

during the study. The backpack journalism activity and the DAST pre- and post-test, in 

conjunction with her artistic renderings, were especially valuable outlets in which she expressed 

her positive perceptions of science. She was able to use these three tools to supply me with a 

canvas, painted by her own hand, to describe a picture of herself in science that enabled my 

interpretive portrayal of Dauntless as the point defining the positive scientific standpoint and to 

continue on her quest to learn. 

 The backpack journalism activity provided an experience through which Dauntless was 

able to participate and excel. During this activity, at my request, she was able to combine the 

elements of photography, nature, science (though not necessarily geoscience), music, and who 

she believed she was, as a scientist, to share a meaningful presentation of her perceptions of 
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science. In her presentation, she bridges her expressed love of science with her artistic nature, 

which extended her ideas and observations into an artful “re-presentation” of science. During the 

interview she stated, “[The] three things I really love are photography and marine biology and 

journalism so I’m thinking of um... I am thinking sort of like doing stuff for National Geographic 

would be really fun.” The backpack journalism activity was a perfect combination of Dauntless’ 

passions. 

 It was evident, as I looked at Dauntless’ final presentation, that she views geoscience as a 

combination of all other sciences. Separating the various disciplines of science does not make 

sense when interacting with her world. In the slide entitled, “A dried up riverbed,” she spoke of 

past processes of water movement and evaporation as well as current processes occurring from 

animal habitation and plant growth, and then future processes as stumps and roots serve to 

control erosion (Figure 17). She views science as all these various processes interacting and 

providing a framework through which she can understand the world around her. In other words, 

she is a scientist, observing, documenting, interpreting, and always learning about the world 

around her. She feels free to express herself and does so in her work. 
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Figure 17. Dauntless’ backpack journalism presentation slide, “A dried up 
riverbed.” 

 
 As I viewed her slide, “A dried up riverbed,” it became very evident to me through her 

use of “scientific language,” that she is confident in herself as a scientist. Her slide suggests that 

Dauntless understands that to be successful in science, a woman must be able to mix her own 

innate understanding of “evaporation,” “home to animals,” and “secure the soil” with a strong 

indication that she sees the interworking of evaporation, habitats, and erosion. She exhibits skill 

in observing, describing, and interpreting the world around her and then shares this in her 

findings about the scene that she photographed. 

 A similar attribute emerges in the slide, “A Tree” (Figure 18), as Dauntless is used her 

own artistic expressions of science to describe and then share her findings with us about this tree. 

She describes the processes that make a tree important, using her own language of science, and 

then describes the tree itself, detailing the leaves and trunk. In addition, she supplies her own 

interpretation of the function of human interaction with this tree that she believes, gives the tree 



 

 110 

its purpose. Her ability to describe the world “scientifically,” yet in her own language, is 

evidence that Dauntless is able to mix items that are ascribed as socioculturally accepted 

characteristics of a scientist in the form of language, while recognizing the processes and 

functionality of the world of science, as represented in her photograph. In addition, she is able to 

infuse her own natural instinct and artistic ability into these descriptions and “re-presentations” 

in the photo. In this way, the prescribed ways of doing science, through observing, describing, 

and interpreting the world around her, combine with her own voice through her artistic means of 

presenting her findings and give an overall positive perception of science. This combination of 

“voice,” while seemingly a small event in this case, may actually be a significant juncture of 

transformation as it opens up Dauntless’ sense of agency as a knower in the context of what is 

legitimated in this activity as a science learning experience. 

 

Figure 18. “A Tree” from Dauntless’ backpack journalism presentation. 
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 Another insight that jumped out to me as I viewed the slide “Pond Water” (Figure 19) 

was risk. It was a risk worth taking for the beauty of knowing science. Dauntless used artistic 

expression in her representation of the pond beyond just the flat water. She chose to bring action 

to her representation of science and “got in trouble” for doing so. As Bachelard (1964) is quoted 

in Kaufman (2003), Dauntless is participating in “clever disobedience” in order to discover 

science on her own terms. She broke the rules in order to gain the experience she desired. 

Dauntless wanted to bring in new ideas, but these ideas didn’t mesh with the expectations of her 

troop leader, whom I observed approaching her and told all the girls who were nearby that it was 

not acceptable to throw things into the pond. She was stopped when she stepped out of the 

bounds of the implied norms. This is the type of small fracturing that frustrates a person who 

already feels they have a marginal relationship with science learning, and tends to encourages 

them to take divergent paths from what they are regarding as science. However, this is where we 

again see the agential character of Dauntless come through. She got the picture she wanted and 

set the scene as she chose. Her voice still dominated over the expectations of those in authority 

as she told her story of this picture (Figure 19). 

 As Richmond, Howes, Kurth, and Hazelwood (1988) remind us, science is a product of 

both political and social forces and is shaped by influential people. These people exist at every 

level and for these Girl Scouts they are the teachers or Girl Scout leaders who monitor them, 

expecting them to act in a manner prescribed by the “rules” of science engagement. These rules 

have been passed down from historically influential people and have often remained 

unquestioned (Richmond et al., 1988). Thus, the authoritative voice of the Girl Scout leader 

stating to Dauntless that something should not be done in the process of learning science is 
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unable to explain this utterance because they have never questioned its origins. Yet, despite these 

challenges and the danger, Dauntless tells her story and persists in her science.  

 

Figure 19. Dauntless’ slide “Pond Water”. 

 

 Dauntless’ DAST pre- and post-test responses offer up even more insight into her story of 

science and her place being a scientist. In her pre-test, she drew a female scientist exploring 

space (Figure 20). Dauntless tells the story of “Sophia Lightbloom” when she says, “This is 

Sophia Lightbloom. She studies the Galaxy’s [sic] and the night sky. Currently she is trying to 

prove whether or not the universe will shrink back to nothing after expanding.” Sophia, first and 

foremost, is a Physicist. She is studying the night sky. She is not on the margins of science but is 

at the center of a science that attracts few women, physics. Dauntless has depicted Sophia as a 

woman standing at the center of generating scientific thought and understanding, with a similar 
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strength to that seen when Dauntless enters the room for he Girl Scout meeting. “Sophia” is a 

woman who is certain of her place. 

 

Figure 20. Dauntless’ DAST pre-test introducing her scientist, 
the physicist “Sophia Lightbloom”. 

 
 I also see that just as Dauntless retains authority to tell her story, a part of her story is 

challenging and questioning scientific theory. Her scientist is in the process of actively engaging 

the theory of the expanding universe and is offering a hypothesis that these physical laws will 

reverse, upsetting foundational science knowledge, as we know it. “Sophia” is trying to “prove” 

her theory. In so doing, Dauntless is agential in bringing a “fresh” critical perspective to accepted 
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scientific theory. That a woman would try to “disprove” a theory generated by men speaks to 

Dauntless offering resistance, while embracing the abstract. 

 In her DAST post-test, Dauntless represents a different side of science as she drew 

herself in an aquatics lab (Figure 21). I asked her if this drawing represented a change in her 

thinking about science relative to her “Sophia Lightbloom” drawing. She said that her perception 

of science did not really change, but she was able to recognize that her perception will be ever-

changing as she learns new things: 

D: This time I drew her in in aquarium because that is like the two kinds of 
science that I really like most and… 
 
H: …So yours wasn’t so much really a change, just a change of venue is what it 
was— 
 
D: Yeah and also I am just like… well I am just learning science and learning new 
things and so, I guess in a way it did change. 
 

 
Figure 21. Dauntless’ DAST post-test rendering as she works as a 

bioscientist in an aquatics lab. 
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 As a member of the mountainside, positive perception group, Dauntless already knows 

what she wants. She wants to be a scientist. “When I go to college I want to double major in 

marine biology and science with a minor in photography.” She sees her career way as one 

including marine biology and photography for National Geographic, and she is free to follow 

this dream because she knows that along the path she has chosen, others including her family and 

teachers support her, as needed. She has already examined and continually examines the voices 

that might challenge her, like those of her friends with their conservative beliefs, and though she 

finds these voices annoying, she senses the backing, support, and agency that she needs to 

navigate her desired bridge to science. 

 Story features of those under the water: Negative perceptions of science. Backing,  

support, and agency are not shared trademarks of the girls that are in the river. The girls under 

the water represent lower contours of the scientific landscape. Some still have their heads above 

water but are on the downward slope into the depths, while others are caught in a mudslide and 

will wind up in the river depths. Their stories are very different from those on the mountainside; 

these girls have little agency or help to navigate the muddy slopes under the water. Tigger best 

fits this portrayal. 

 “The wonderful thing about Tiggers is Tiggers are wonderful things” (Milne, 1968). 

What a great name! It’s a name that exudes certainty in just about everything, just like Tigger in 

the children’s book, Winnie the Pooh and the Blustery Day (Milne, 1968). I met Tigger on day 

one of this project. My initial assumption was that she would not fit the certainty and whimsical 

nature of Milne’s (1968) character—Tigger. Her name did not seem to fit. While she seemed to 

have a great relationship with the other girls, chatting and laughing with the group on certain 

occasions or offering Rue assistance with PowerPoint, I notice that Tigger, more often than not, 
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tended to sit back, observe, and listen rather than offer her input. She certainly sat more quietly 

than most of the other girls in the troops. Granted, she is the only girl out of both troops that goes 

to a private school, so I initially thought that maybe the friendships were not as close. However, I 

discovered that Tigger has been a part of the Girl Scout troop for a while. Her sister is a Girl 

Scout too, at the Senior Troop level, and she played an important role in encouraging Tigger to 

participate at a young age. Tigger is one of the older girls in the Girl Scouts troop as an eighth 

grader. She is a very active young lady, participating in golf, volleyball, and Irish dancing in 

addition to Girl Scouts. Her activities imply that she has strengths in working with others as well 

as in her own individual endeavors. As time progressed and I got to know her better, I realized 

that she listens first and speaks later. She may not speak loudly, but what she says comes with 

great forethought.  

 I had a chance to talk with Tigger and ask her about her views of science on the first 

night we met. In an introductory manner, I was making small talk to ask if she likes science, and 

she said no. She further elaborated in her autobiography that, “I don’t really like science. I just 

never liked it.” It is not that she does not have a long background with science; her first memory 

of doing science was in the first grade as she “watched butterflies grow”. Yet she says she never 

really liked it. Even the butterflies?  I find that hard to believe, but yet, she states that she would 

rather opt out of science all together. 

T: I don’t think I really ever will [be fond of science] I... I mean because I have 
learned it such a long time and in such a certain way, it just really bores me— 
 

On the other hand, Tigger believes that she is a part of science. “Science is the study of living 

things. Everything has science in it.” As she was drawing her DAST pre-test scientist, I heard her 

discussing with the other girls and sharing with them the ways that the formula for acceleration 

can be used. Yet, despite knowing science, and notably, physics, she states in her autobiography, 
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“My favorite subject is English.” She sees herself as a part of science and is knowledgeable 

about it. Yet, boredom with science, presented as a body of facts that she has to learn, is 

evidenced by our conversation in the focus group interview: 

H: So, I think Tigger’s not over fond [of science] either? It has no draw whatsoever 
anymore? 
 
T: Hmm mmm... I guess it’s because of the way I was taught. Because I was taught in a 
classroom from a book and you just sit there with the book and you write stuff down. 
And it’s just... 
 
H:  Memorizing fact? 
 
T: Mmm hmm, fact after fact about it. 
 

The boring presentation of science learned through note taking and from a textbook has led 

Tigger to continually shy away from science, and she has instead cultivated a passion for 

English. Without a doubt, Tigger sees science as something that she is made to do in school, but 

she assured me in her autobiography that she looks forward to English.  

 When Tigger first drew her DAST pre-test scientist, she depicted a person that is likewise 

passionate. She named her scientist “Eric” (Figure 22). Driven by his thirst to cure cancer, “Eric” 

passionately participates in science in the form of a “Mad Scientist.” Tigger’s portrayal of “Eric” 

represents her larger view of science. Science has been presented to her in such a way that she 

does not recognize that she is a scientist. She sees no personal connection to “Eric,” and 

moreover does not want to be him. “Eric” is an old man, not a young woman, and his gray, 

unkempt, wild hair and mustache cause him to resemble Albert Einstein. She sees that good can 

come from the science that Eric performs, yet his context for doing and being a scientist is not 

necessarily her own. As we were discussing the backpack journalism activity and comparing it to 

doing science in a lab, she stated that the backpack journalism activity was a new way for her to 

do science. She and Dauntless discussed the topic: 
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Dauntless: To me it [the backpack journalism activity] was kind of nice because it was 
like because we were doing it like independently and like when you look at a leaf or 
something you weren’t being instructed by a parent or something and so no one told you 
that was the wrong way to look at a leaf. And also it is nice just to be in nature and be 
able to take pictures of stuff. 
 
Tigger: It’s like what...like she was going to say. It is like when you look at a leaf, you 
can look at it from a different viewpoint. You can see it as something else, maybe? 
Because like when someone looks at something like they could use more of their like 
right side or like left side of their brain... Like I use more of my left side and like so, you 
can have different viewpoints and stuff. 
 

For Tigger, the lab is a structured place that stifles her imagination and, and forces her to view 

science from the standpoint of the teacher, without a voice of objection. 

 
Figure 22. Tigger’s DAST pre-test scientist, “Eric.” 
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 There is no doubt that Tigger recognizes that science is important, but science is better 

suited for someone else to perform, not her. She sees herself as fitting into English much more 

easily and thus, she bides her time in science courses, learning about science along the way, but 

only because it is required. Many of her views on science seem to relate to her sense of place – 

her “voice” in science class. The CLES scales of Critical Voice, Shared Control, and Student 

Negotiation supplied a snapshot into her impression of her own voice in the science classroom, 

and the results were not positive. 

 Tigger had the second lowest score on the CLES (39/125). Her average answers across 

each scale were below a 2 out of 5. This means that Tigger seldom felt that the study of science 

was relevant in her own life (averaged 1.2/5 on PR scale), and she seldom felt as though science 

was presented as theory-dependent and based on sociocultural influences (averaged 2/5 on SU 

scale). Ultimately, Tigger’s responses on the CLES portray an overall disconnection with 

science. This lack of connection is not strengthened by her relationship with her teacher and her 

peers. In her science classroom, there is little tolerance for bringing a critical voice and 

expressing an opinion (averaged 1.2/5 on CV scale) and there are few opportunities for 

participation in classroom decisions and conduct of learning (averaged 1.6/5 on SC scale). The 

teacher’s voice dominates the setting and enforces strong control over the students’ opportunities 

to talk with one another. Even when they do, Tigger perceives that her voice is not heard or 

respected as evidenced by her response on question 25 of the CLES in which she indicated that 

others rarely listen to her ideas carefully (scored 1/5 on question 25). Classroom practices of 

science are a space in which Tigger feels little to no sense of agency, and with her soft-spoken 

voice, she shies away from a place where she perceives her presence is not acknowledged. It was 

not as though Tigger overtly stated that she shies away, but I recalled an instance in the focus 
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group interview when she chose to remain silent as we were discussing scientific facts as 

presented in the girls’ classrooms: 

Rue: Well, it’s mixed to me (others agree). If you were talking about whether water is 
wet, it’s wet. That’s a right answer to me. You can’t say that it’s dry, because it’s not. 
 
Tigger: Well I mean...never mind... 
 
H: No say it! I want to hear it! 
 
T: No, it’s stupid 
 
H: I want to hear it. 
 
T: No, I didn’t think it through.  

Udeze et al. (2013) highlight that silence does speak volumes, as it is a channel of 

communication. Yet, often silence is dismissed in lieu of the privileged spoken voice (Ashby, 

2011). Tigger’s response during this discussion, despite my desire to hear her answer, evidence 

her tendencies to shy away from science as it is presented in school. 

 Allowing Tigger to participate in science in a different space was an important aspect of 

this study. The backpack journalism activity was intended to open up a space where the girls 

could do science in a non-school setting and in different ways - ways that could emerge from 

practices and purposes of their own design. Engaging the girls in experiences of framing 

geoscience from their own perspective brought forth their sense of agency to participate in 

knowing and doing science. Tigger seemed to enjoy doing science in the park, and while doing 

so, tended to spend a lot of time with Fruit Loops, Dancing Piggy, and Kermit. They conversed 

as they worked alongside each other. Tigger took her own photographs, but the girls chatted and 

discussed as they did so. For Tigger, science is not a process that needs to be completed alone. 

Doing science can be an experience of collegiality and enjoyment, which according to Tigger’s 
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CLES responses, was not a framing of science offered up in her classroom (averaged 1.8 /5 on 

the SN scale). 

 Even the process of putting the presentation together seemed to bring a new way of 

seeing science into Tigger’s realm. She sat next to Rue and offered to help Rue with PowerPoint, 

while at the same time working diligently on her own presentation. It was at this point I realized 

Tigger would use her voice when she had foreknowledge and ability to contribute in the many 

spaces of knowing and doing. More often than not, she has felt unqualified in science and this 

self-perceived lack of qualification in the social practices of learning science in the space of the 

classroom resulted in her shying away from science overall. 

 Again, it is not that Tigger is not knowledgeable about science and it is not that her 

viewpoint does not count. Tigger knows what she believes science is, but she is rarely given the 

chance to voice those beliefs. It is not that Tigger feels unworthy to speak scientifically. She has 

a voice, just not the agential prowess to use it in the context of classroom science learning. In the 

classroom, Tigger presents a scenario of a science that she wants to shy away from. Yet, in her 

presentation, she became the scientist. She stated that this picture was “of her” looking into the 

treetops, while at the same time she took control of the description and framing of the science 

(Figure 23). Though she is not physically present in the photograph, she has taken on the active 

role of showing us science through her own eyes. As we revisit Tigger’s earlier comments about 

the “certain way” of learning and doing science, there is a feeling that she has been taught to 

consider herself marginalized:  

T: I don’t think I really ever well I... I mean because I have learned it such a long 
time and in such a certain way it just really bores me... 
 

If this is the way that science is presented to Tigger, then is it any wonder that she would choose 

not to include herself in classroom science? Instead, she sees herself as belonging on or outside 
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of the margins because she does not mesh with this type of science. Given new opportunities to 

be a scientist in a different setting, she set the frame of the picture of the trees; she was in charge 

of the picture. Her voice was strengthened through the backpack journalism activity, and so too, 

her agency. Yet, Tigger did not express that she discovered her own strength as a scientist. She 

has shied away from doing science and being scientific in the classroom setting for so long that 

she was unable to see any positive strides that she made participating in this study. She did not 

see herself as a “scientist”.  

 

Figure 23. Tigger’s tree top photoessay slide. 

 
 During the focus group, Tigger was given the opportunity to discuss how her perceptions 

changed and it was at this point that it became evident that she really did not recognize that she 

continued to shy away from science. Even with the hindsight of participating as a “scientist” in 

the backpack journalism activity, she continues to discredit herself in the role of being scientific 

considering herself only a knower of “facts.”  Tigger provided evidence about her perceptions of 

a change in science viewpoint during the focus group interview:  
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T: My science viewpoint didn’t change, because I knew geoscience was about 
nature and I knew it was always there (H: Mmm hmm). I just think I ventured out 
a little bit more, but I still kept science as the same concept in my brain. 

 
She stated that not much has changed from her perspective. Maybe this is the case as she has 

continually shied away from science and chose not to change. She is possibly satisfied with her 

location and chooses to stay on the margins as a participant in the science classroom. But if she 

chose to expand her views, beyond her marginalized location, she might recognize that she has 

changed her point of view. This is especially true with regard to her DAST post-test (Figure 24). 

In a sense, she is right. Not much changed with the scientific setting in her drawing and this is 

significant. To qualify as having a positive change in perception, she would have needed to 

change the venue in which the scientist was doing science. In both her DAST pre- and post-test, 

Tigger “re-presented” a science that could only take place in a lab, despite the experiences that 

the backpack journalism activity provided as she participated in science outside. Yet, at the same 

time, I do not completely agree with her assessment of her lack of change in perception. After 

all, the gender of her scientist changed in her DAST post-test, and she added much more context 

to her drawing through the addition of the plants and picture (or window) behind the scientist. 

Though she is not willing to credit herself with much change, Tigger exhibits a great 

transformation over the course of our time working together. The transformation is highlighted in 

our conversation about her perceptions doing science in the non-formal space of the park: 

T: Well I want to say I really enjoyed [the backpack journalism activity] because I 
enjoyed like going out and taking all the pictures and stuff. 
 

Maybe her desire to recognize the changes in her perception of science did not really increase, 

but Tigger’s ability to express her opinion did as she had more control over her science learning.  

Using photography through which to express herself was cathartic, and the girl who opened our 

introductory conversation with, “I don’t like science,” changed her views in her closing 
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statement, including the words “enjoyed” and “liked”. For the Tiggers’ of the world, there is still 

hope that they might see a place in science for themselves and offer positive contributions in 

science learning, but they may also choose not to. The bridge to science looks different for us all, 

and the navigation of the tensions is left to the individual science learner. 

 

Figure 24. Tigger’s DAST post-test. 

 
 As a member of the group “under water,” Tigger had long ago decided that science was 

not for her. In fact, as an eighth grader, she has already chosen a path that does not involve 

science. She has had few opportunities to use her voice in science, but when the opportunities are 

given, she is willing to contribute if someone will listen as I observed when she was discussing 

the formula for acceleration with her troop mates. That is the hard part in her opinion, getting 

someone to actually listen. She stands on the margins of science, looking in as others participate, 

but never really being included. With her lack of qualification to be a voice in classroom science, 
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a lack of agency has arisen and maybe a lack of desire to navigate the bridge to science. Yet, 

Tigger has shown us that there is more than science in the classroom and this “more” is where 

the foundations for a strong bridge to science are beginning for her. These strong foundations 

seem to be more likely grounded in the informal setting of the Girl Scouts that honors Tigger’s 

voice and her agency, where troop mates, her troop leaders and I all listened to her and respected 

her opinions and beliefs.  

 Are there spaces in which Tigger can develop an interest in science and strengthen her 

bridge to science? Despite her negative perceptions, there is hope for her as a scientist. As seen 

above in her closing remarks, maybe Tigger sees there are more ways to enjoy doing science and 

being a scientist than the perceived expectations that some of the girls, like Tigger, have about 

science. Remember that Tigger herself said, “Everything has science in it,” and she is a part of 

“everything.” Building a bridge for her practices of science will require more chances to practice 

science in informal settings, which will help her establish a voice and thus agency, and then to 

navigate her own form of science. 

 Features of the stories at the river’s edge: Neutral perceptions of science. The girls at  

the river’s edge are at risk, though stay safe most of the time. Floods or slippery rocks could 

affect their sense of science well being. The flood could be a teacher who causes them to see 

science in a negative way or other students who choose not to listen to them. They may all be at 

varying locations in the floodplain, but the floodwater can still reach them, depending on the 

severity of the catastrophe. Some have their ankles in the water but some are at the edge of the 

foothill, and could move to higher ground. Mostly, is depends on their personal sense of agency, 

the feeling of being valued, and their ability to walk at the river’s edge. 



 

 126 

 Choosing the right person to represent this group was more difficult than for the other 

two groups. The latter groups tended to “choose” themselves through their actions, things they 

say or responses to situations, each tending to naturally draw the eyes and ears of the researcher. 

At the river’s edge, this was not the case. One might find an occasional bed of fossils or a 

beautiful stone, represented by positive responses on the CLES or a unique way of representing 

their scientist, but this striking beauty was always in jeopardy of being washed away by flooding 

and erosive agents, so no one really stood out.  

 Like her counterparts, Kit Kat never really stood out throughout the research process. She 

had a quiet voice, only speaking up on occasions, but more often than not, going along with the 

crowd. It was ultimately the obscurity of her own voice that drew her into the representative 

position for those at the river’s edge and that poses the greatest threat to her science well-being. 

The idea that when we speak, we speak with the voices of many (Wertsch, 1998) is fitting in the 

case of Kit Kat. She uses what is being discussed by the voices around her and often repeats 

what was said, all the while never completely expressing an opinion that is her own. She often 

speaks with a lack of true understanding of that which is being discussed, while at the same time 

she is seeking a voice and wants to be heard. Yet, few listen, as she tends to ramble or ultimately 

concedes and speaks through agreement with someone else’s spoken word. For instance, an issue 

occurred during the interview that supports her concessions and subsequent agreements with 

peers. I asked the girls what geoscience is and several began to answer. Marianna, a quiet though 

self-assured eighth-grader answered, “Facts about nature.” I somewhat affirm Marianna with an, 

“Okay, facts about nature.” Then as Kit Kat began to answer, I inadvertently cut in with an 

“okay” and Kit Kat ultimately changed her story to agree with Marianna’s version, “nature”: 

K: The world— 
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H: (I eagerly cut in) The world okay   
 
K: Kind of all over the place, everything’s geoscience...  
 
H: Okay (I cut in to fill dead air) 
 
K: Well, okay nature. It’s about nature. 

 
I tried to urge her on with what I believed to be a voice of support. Instead as the old proverb 

states, “The road to hell is paved with good intentions,” and though my interjections may not 

lead her to a science “hell”, my overeager voice, intending support, seemed instead to damage 

her bridge, cutting the cables of support and weakening the structure. My persistent nature kept 

me from listening to her. At the heart of her person is the desire to be heard. Her tentative voice 

was seemingly swept up in the current of the voices around her as she ceded to my utterings and 

joined with Marianna. The inadvertent response from my interruption changed everything. I 

viewed it as harmless at the time, but in hindsight I see that listening requires one not to speak 

because even a harmlessly spoken word that is spoken at the wrong time can rob another of the 

confidence to speak their mind. This is a storm that looms on the distant horizon, threatening 

heavy rains and flashfloods, which ultimately equates to a threat that could change Kit Kat’s 

standpoint on science and send her into the river. 

 Kit Kat is not doomed though. Interwoven throughout her story is a thread of hope. 

Simply listening to the science knower such as Kit Kat could provide the mediational means 

through which Kit Kat could strengthen her bridge to science. It then becomes very important to 

open up spaces through which girls like Kit Kat can use their voices and be heard, thus building 

their bridge. Her desires to be scientific are strong, thus she has a firm foundation on which she 

may build her bridge. In her autobiography, Kit Kat stated that she wants to be a dentist. She still 

sees science as a possible space of knowing through which she can thrive as a knower. She also 
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stated in her autobiography, “I like science because I like to see what will happen if I do this or 

how does this work.” Her desire to know fuels her agency to be scientific, but is this foundation 

firm enough to sustain pursuit of a formal science-related career in dentistry? 

 On the CLES, Kit Kat’s overall summed score was a 70/125, slightly below the mean of 

75.76. Other than indicating that she felt science was relevant to her life (her averaged score 4.4; 

mean score for the scale 3.4 on the PR Scale), Kit Kat’s scores were generally at or slightly 

below the mean scores. There is no doubt that she senses the importance of science in her life, 

even if she cannot always connect what she learns in classroom science with the world she 

experiences (scored 3/4 on question 4).  

 A potential pitfall arises from a tenuous relationship with others who are in the position 

to help Kit Kat engage in bridging her participation in science. Throughout her CLES responses, 

Kit Kat indicated that in her science classroom, her voice is weak and she has little power to 

make herself heard. For instance, though she indicates that it is all right for her to express her 

opinion, she recognizes that little is gained in the endeavor to do so. This seems to stem from the 

fact that Kit Kat feels that many people, but most especially her peers, tend not to listen to her 

ideas (scored 1/5 on question 25) and that only ‘seldom’ (scored 2/5 on question 24) do they 

even ask for her opinion. Also, while Kit Kat may speak critically in regard to the way she is 

being taught, she feels she has little to no voice helping the teacher to decide ways in which her 

learning could be improved (average score of 1/5 on the SC scale). This is further magnified by 

the fact that Kit Kat is given opportunities to talk about science (scored 5/5 on question 21) and 

solve problems in science with other students (scored 3/5 on question 22), but seldom explains 

her ideas. When she does, she feels that no one listens (1/5 on question 25). It is interesting to 
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note, however, that as the girls discussed the role of “right and wrong” and “opinion” in the 

focus group interview, Kit Kat said: 

K: I have one friend that always thinks she’s right. And if you give her computer 
research and everything she still thinks she’s right. But in my mind I have my 
opinion and you can keep your opinion. But she’ll keep trying to tell you, “Now 
this is right, this is right, this is right”, but really I think what I have to say is right. 
 

Kit Kat views her peer as refusing to defer to the seemingly more legitimate voice of a 

“researcher.” Yet, Kit Kat also chooses to retain her own opinion, in her mind. What we would 

hope is to see her moving beyond the unspoken stance toward a more agential practice, speaking 

out her ideas and position-taking. 

 Kit Kat’s sense of agency in relation to scientific research seems a very newly emerging 

entity. Her DAST pre-test (Figure 25) response portrayed a scientist wearing a colorfully detailed 

outfit featuring long sleeves, a breast-level pocket, and a zigzag striped inset panel lined with 

parallel sets of buttons. The scientist has tinted light brown skin, spinning eyes, large red lips, 

and a blue streak in his/her smooth black hair. Kit Kat described the work of her scientist as 

“messing with chimichals [sic]” to invent “new candy.” The scientist stands beside a table 

having very small objects, which Kit Kat says are a beaker and a test tube with solutions in them. 

This connects with the ideas she presented in her CLES responses, as she ‘sometimes’ (scored 

3/5 on question 4) struggles to connect science learned in school to her real world experiences. 

At the same time, Kit Kat struggles to connect with science even in the classroom, as evidenced 

by her statement in the focus group interview:  

K: At my school we don’t do any labs because we had one teacher and she does 
academic scholar and so she does all the labs and the other teacher just has the 
books and stuff. So, that is all we do is sit in class and look at the book and have a 
piece of paper and a pencil. 

 



 

 130 

Therefore, Kit Kat devoted most of her drawing effort to design a scientific person, while 

devoting much less attention to portraying the tools, work space, or making clear the candy-

making research taking place. Her attention to preparing a person doing science was apparently 

given primary attention, with much less depiction to the ways and means of scientific practice 

taking place.  

 

Figure 25. Kit Kat’s DAST pre-test. 

 Once again, a theme of hope can be seen in Kit Kat’s story. The backpack journalism 

activity provided her a space to learn and do science and to be a scientist. Going out and 
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interacting with nature, camera and notebook in hand, brought new perspectives of science to Kit 

Kat: 

H: Okay so as we did the geoscience… the backpack journalism activity, did that 
change your view on geoscience at all? (I hear a buzz of voices stating, “Mmm 
hmm” in the background)  Just give me your honest answer. You won’t hurt my 
feelings at all. 
 
K: A little, because it changed the way that I could classify science.  

H: Okay, in what way?   

K: Now I know that there is more than just one way of science besides the one big 
science…  

 
Kit Kat’s concept of being science educated was “one big science.” This experience opened up 

two new perspectives for Kit Kat. One, the simple stating of “I could” is a critical step toward 

her assuming a stance of agency in her science learning. Second, that she could “classify” 

science meant, for her, that she could frame science as having diverse meanings. That she titled 

her presentation “Kit Kat’s Geoscience Adventure” reflects an open-ended learning experience 

framed as an “adventure,” a contrast to “one big science”  

 Yet, something else stood out. I asked the girls to write the descriptions of their photos in 

their notebooks and despite photographing 13 items, Kit Kat only wrote four short descriptions. 

In her photoessay, Kit Kat shows a photo of gourds (Figure 26) but does not describe them on 

the slide. In her notebook she stated, “Gords [sic] are interesting because they are used for many 

things.” There is nothing apparent for why she regards these gourds as relevant to geoscience in 

her presentation, yet she surely had some intention to include these as representations associated 

with her science practice in the activity. 
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Figure 26. “Gords” from Kit Kat’s backpack journalism presentation. 

 
 The backpack journalism project opened up an opportunity for Kit Kat to bring her own 

ways of looking and speaking scientifically. The gourd slide is a snapshot of Kit Kat making a 

choice, an agentic moment of her classifying science. In this case, her gazing at the “gord” is, for 

her, a valued moment of sciencing. There is aesthetic simplicity in her interaction with this 

object under study. Likewise, Kit Kat’s written science insight is succinct, “Gourds are 

interesting and we use them.” She selected a gourd, as a vegetable that viewed as having 

practical use to a number of people (i.e., “we”). If one were to simply evaluate Kit Kat’s science 

learning based on the writing and image she submitted, it would be easy to overlook the subtle 

yet significant transformation of agency and meaning of science taking place for Kit Kat over the 

course of this study. 

 Kit Kat credited our time spent working together during this research study with the Girl 

Scouts for helping to transform her perspective of science. In the focus group interview, we had a 

short conversation on this relative to her DAST pre- and post-test: 
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K: Um well in this picture I kind of drew life… because in the first one I just kind 
of drew a scientist that was all goofy and stuff because that’s what I thought 
scientists were. But now I know a scientist is just like a regular person that studies 
what goes on around them. 
 
H: Okay, what made you change your mind on that?  

K: Because uhm...Actually, I don’t know why. 

H: Okay do you think what we did helped you, maybe see it a little bit?  

K: Yeah, the backpack journalism, yeah! 

 Kit Kat began to connect the relevancy of scientific thinking, knowing, and doing with 

her everyday experiences. Science became real to her as she was allowed to be the scientist, with 

her camera and notebook in hand, investigating the world around her. In her DAST post-test 

(Figure 27), she drew a girl outdoors with a camera around her neck, being a scientist. A little 

later in our conversation, I asked all the girls if they believed that they were the scientists 

represented in the second drawing. I asked Kit Kat who her drawing was and she replied: 

K: Me in the future  

H: You in the future, okay. Why not now? 

K: I’m not that tall? 

H: Okay so we just have to get a few more years of growth in and then you’ll 

have it? 

K: Yes 

H: (jokingly) But if we shortened the legs could it be? (Kit Kat laughs and nods 
yes) Okay! 



 

 134 

 

Figure 27. Kit Kat’s DAST post-test. 

 
 As far as the stereotype that she originally associated with a scientist, Kit Kat has 

undergone a positive transformation. No longer does Kit Kat portray simply a scientist, like that 

in her DAST pre-test. Instead, she includes a scientist actively participating in research and using 

tools of science. In her DAST post-test portrayal, Kit Kat drew a brown-skinned woman 

scientist, well dressed and prepared to research her surroundings in nature. She has her camera 
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around her neck and what appears to be some sort of electronic device in her hand. Her scientist 

is interacting with landforms and animals and is researching “animals in their niches.” At the 

same time, she recognizes that that person could be her at a future date. She is beginning to open 

the door and develop herself as a science learner/doer. She is building the bridge to science 

through small transformative moments that may seem insignificant if viewed as individual 

events, but the recognition of these moments and support through these moments are critical for 

us all to recognize, as they are foundational in Kit Kat developing the agency to build her bridge.  

 Kit Kat’s story brings our time in the map of perceptions exhibit to an end. Now, as we 

move on into the other exhibition halls, we have the frame of the map as a guide to 

understanding others’ locations relative to these three girls on the maps of perceptions. Before 

we move into the next hall,  “In Situ Learning: Knowing at the Road Cut,” I feel it is necessary to 

begin to connect these two halls. The map room and the hall of In Situ Learning are not mutually 

exclusive. Instead, there is a common theme that binds them and must be discussed prior to 

moving on. The commonality emerged through the use of cameras and framing photographs.  

The Camera Lens: Immovable Frame 

 In the map room, a spectrum of perception has been established from the negative to the 

positive, and these perceptions act as frames by which I can understand the girls’ standpoints and 

can represent this museum of science. I am made aware that their perceptions are deep-seated 

through time, experience, and social shapings. There are those who tend to avoid sharing their 

scientific perceptions, preferring instead an artistic frame supplied through the use of their 

cameras, such as Kanga with her park Bench, Cupcakes with her picture in which dirt “pops,” or 

Sapphire showing light cascading through trees (Figure 28) in their backpack journalism 



 

 136 

photoessay. They each framed their photos and defined the frame in a manner seemingly 

preferring the artistic to scientific inquiry and explanation. 

 

 
Figure 28. Artistic representations of science, from Kanga, Cupcakes and Sapphire, 

respectively. 

 
 Then there are girls, such as Bobbie’s Fries, who surprised me because all along she 

stated that she does not like science. Yet, she is able to speak the scientific language proficiently. 

At the same time she chooses to remain behind the margins of the frame. For instance, her 

backpack journalism presentation indicates an attitude of participation despite her dislike of 

Bench pic 
It’s a bench with a 

mosaic on it, one side 
has a beach and one 
side has the water. I 

chose this picture 
because it seems like 

one of those inspirational 
photo.  

Picture 4  

This picture is a tree base and the 
ground. The ground is really pretty 
and lime green. I really like looking at 
the leaves on the ground, because it 
makes the dirt pop a little. I really 
think this pic is really cool! 
   

In this picture the trees are formed around each other as 
if they are in a group. The light cascades down the 

middle trees, including the ground behind them.  
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science. She did her best to produce a product that she could be proud of. She participated to the 

fullest and had one of the best photoessays as seen in a representative slide “Red, Orange; 

Flowers: Small” (Figure 29). However, in accordance with her own choices, she excludes herself 

on the grounds that she does not want to do science, despite her ability to do science well. 

 
 

Figure 29. “Red, Orange; Flowers: Small” from Bobbie’s Fries backpack journalism 
presentation. 

 
 Others want to do science but seem to be limited by the language skills needed to 

adequately participate in science in most settings. Stampy is on the margins of science simply as 

a function of limited vocabulary. Stampy tries to express her views but either lacks a command 

of scientific vocabulary to fully explain them or simply opts not to use that language, making her 

appear to be less adept at speaking scientifically (Figure 30). Though she has limited success in 

expressing herself scientifically, she attempts to show that science is more than what is in the 

frame of her photo. She recognizes that science encompasses resources, such as the woodpile 
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originating from a tree. Stampy remains marginalized, unable to step beyond the obvious nature 

of a woodpile and unable to venture into the more abstract nature of the science framed by her 

picture. 

 
Figure 30. Woodpile photographed by Stampy in her backpack journalism 

presentation. 

 
 Then there are those that recognize that science extends beyond the frame of the pictures 

and include their own personal interactions with science. They tend to join the natives because of 

an ability to see beyond the margins and a vocabulary to describe it. The most obvious of these 

was Dauntless through her story on the map of perception. She has the ability to describe the 

world outside the frames of the camera lens and includes herself (and humankind) in a scientific 

interaction with that world. An additional example of her ability to grasp the multifaceted 

scientific world is seen in her slide, “The Sky” (Figure 31).  
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Figure 31. Dauntless has a good command of scientific language and uses it 
well to explain the ways that she frames her world as seen in “The Sky” from 

her photoessay presentation. 

  
 So the question arises: how are the frames defined and who defines them? Is it the girls or 

is it their environments that formulate the frames and ultimately locate each girl as a native, a 

stranger to science, or on the margin in between? Or is it both? How do we know if individuals 

are able to understand the abstract concepts beyond the margins? The foundations for 

understanding these questions lie within the learning environments and each girl’s relativity to 

knowing science in context, regardless of the space in which learning takes place. 

Exhibit Hall 2: In situ Learning: Knowing at the Road Cut 

 This brings us to the next exhibit hall, in which we will begin to question who sets the 

frames and defines the space of science knowing, and what are the girls’ responses to the various 

frames and spaces. Kermit’s responses in her backpack journalism project were the impetus 
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driving the theme of in situ learning. Kermit bordered on a positive perception of science 

throughout the study. This was especially noteworthy in Kermit’s 4th slide, where she states, 

“This is a picture of a tree in the center of the ground.” This statement led me to think of the 

“Flat Earth” explanations of the royals in Spain. Had Christopher Columbus chosen to listen to 

them, he would have been bound by their frames of knowing and would never have explored the 

wider expanse of the world. This is because the royals did not attempt to engage the world 

beyond their self-imposed frames of knowing. Their world was small, based on the minimalist 

experiences they had encountered. We all know now, in hindsight, that the discovery of the 

Americas would have been delayed had Christopher Columbus accepted their perspective. 

Instead, Columbus recognized that the scope of their knowing was a boundary, and that there is 

always more to know beyond such boundaries. 

 The Analogy of the road cut. There is a common tool used by geologists that can help  

us better understand these boundaries. We all see them as we are driving through the mountains 

on a road that should not have been, the road cut. Thanks to the wonders of technology and feats 

of engineering, we are able to continually maneuver a road, which before was a tree-lined 

mountainside of rock, now cut away to accommodate a roadbed and at the same time, expose the 

road cut.  

 Road cuts (Figure 32) are like gold to the geologist seeking to better understand the 

processes that have occurred throughout geologic time, as they are like an exposed snapshot in 

time on the side of the highway. They are slices into geologic history, providing a wealth of 

information is exposed, in situ or in place. Road cuts provide an accurate record of geologic time 

that is in place and untouched. Although it has context, it is but a glimpse of the depositional 

history and does not tell the whole story. The whole story is encompassed in the geology of the 
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earth. Each layer, fault, rock type and mineral is intricately intertwined with all other geologic 

processes on the earth, yet only a snippet of the overarching picture is represented at the road cut. 

 
Figure 32. Photograph showing an example of a highway road cut. 

 
 The road cut, then, is a representation of each learning environment of science that we 

encounter. As we drive the highway, navigating our way through knowing science, we 

continually encounter new material, exposed, carved out, and ready to be examined. Yet, never 

at any juncture of our journey can we see the entire picture. Instead, we study these tiny snippets 

of learning, either with others or alone. We are left to infer the geology in between until perhaps 

another road cut exposes it later. Each era in history brings with it new road cuts in the form of 

new technologies that continually expose more for the human scientist to question and know. No 

one can see all the road cuts, but using such information gleaned from those that have been 

exposed allows us to infer how the world around us works. 

 In this current study, two main road cuts or learning environments were examined: each 

girl’s current science classroom learning environment and the Girl Scout learning environment. 
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At the same time, one must always be aware that these learning environments are not 

independent. They are linked inextricably with each other, as well as all other scientific learning 

environments that each girl has encountered in her 11-plus years of life. These snippets of 

learning and experience shape the perception that she brings to this study.  

 A key question to ask at this time is how does each girl view the road cuts? The road cut 

is in situ, or in context, with all other geologic features on the Earth. But geology is not limited to 

the road cut because processes such as weathering, erosion, and slumping (rock slides) break off 

rocks of varying sizes off from the road cut and change the perspective through which the 

geology is viewed.  

 The road cut view versus the boulder, pebble, or the sand grain. As we saw in the  

earlier discussions of the perception map, each girl has assumed a position relative to the road 

cut due to similar processes bound-up in her own agency and science content knowledge. The 

road cut represents an environment in which learning takes place, in conjunction with a strong 

understanding of the science content, while including the agency to know science in varied 

locations (i.e., the ability to infer between the road cuts). Thus, regardless of whether a girl 

participates in science in an informal environment, such as the Girl Scouts, her home, or a 

museum, or in the formal environment of school, she is able to establish scientific connections in 

context at any venue. That is, she is able to infer the “big picture” of science at any of the two-

dimensional snapshots seen at the road cut. After all, a road cut could contain fossils (biological 

components), various rock types and minerals (chemical components), as well as compressive 

forces and faulting (physical components). So, too, does knowing at the road cut. The road cut is 

the best two-dimensional view of the “big picture” of science that is available, and the average 
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learning at the road cut most likely exhibits agency and a strong voice as they express their own 

knowing. 

 Dauntless is the only young woman in this study that seems to learn at the road cut, 

learning science in context. As we saw earlier in her narrative, she is continually learning and 

expanding her science knowing. It often does not matter which learning environment she is in: 

she is able to use tools acquired at each road cut and apply them to know more about the space 

she currently occupies. She is typically able to learn directly at the road cut, looking at each layer 

in its original position, and has greater ease carrying that knowing to other road cuts. She is well 

grounded and has a positive perception of science because the context of science encompasses 

her world. Despite the fact that others may not always listen, her ability to infer the “big picture” 

of science reflects her strong sense of content knowledge, helps her navigate the tensions, and 

increases her sense of agency. This is not the case with any of the other girls. The context of 

science knowing for them is not at the road cut, but often at a distance to it. It is not that they are 

not participating in the knowing of science, but the further away they are from the road cut, the 

more the context of science knowing seems to be missing.  

 In this study, Dauntless emerged as a rare gem in science knowing and as the only 

knower that is truly situated at the road cut. The other girls’ stories therefore, must become the 

focus. Their stories can best be summarized in three main positions relative to the road cut: the 

position of the boulder, the pebble or the sand grain. In order to best clarify this line of thinking, 

consider a girl, who like Dauntless, has a stronger sense of scientific knowing (including content 

knowledge), a firm foundation of agency, and a strong bridge with which to navigate science 

knowing and doing. For each of the other girls in this study, the location at the road cut is not yet 

an option but instead they are currently studying at the science boulder, pebble, or sand grain. 
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 Learning at the boulder. The boulder is huge and heavy, not easily carried away by  

erosive forces (water, wind, etc.). Therefore, scientific inference centered on the boulder may be 

made due to the close proximity to the road cut, but the fact that some process has dislodged the 

boulder means that it is no longer in its original context with the other layers of rock. In other 

words, there is no way to determine exactly where the boulder originated simply by standing and 

looking at the road cut. So it is with science learning. Learning takes place within view of the 

road cut, but that does not ensure that the knowers fully grasp the context of that learning relative 

to the world around them. They may have difficulty applying what was learned at the boulder to 

another road cut. Kermit will be used as an example. 

 Kermit was the first girl that captured my attention and stands as a representative of one 

who learns at the boulder of science. Kermit describes herself as academically well rounded, 

loving both the language arts as well as science. She desires to help people and she wants to 

become a pediatrician. She has a positive perception of science, but a positive overall perception 

does not negate her learning at the boulder. Kermit exhibited or indicated several traits 

representative of the boulder. Starting with the CLES, several minor indications arose that 

represent the boulder of science learning. First, is that the girls at the boulder indicate that there 

are some gaps in “learning about the world” (PR scale) relative to what they learn in the 

classroom. For Kermit, she indicated that her new learning only sometimes arises from her world 

outside of school (3/5 on question 2) and then what she actually learns in school helps her 

sometimes understand the world around her (3/5 on question 4). This makes sense. If the girls’ 

input into science learning in the classroom does not generally connect to their real world 

experiences, their ability to apply what they learned to the world around them is limited. This 

coincides with some of Kermit’s responses about “learning to speak out” (CV scale) and 
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“learning to learn” (SC scale). In both cases (averaged 1.8/5 and 1/5 on these scales, 

respectively), Kermit indicated that she had limited voice in the conduct of her science class. 

Given this, chances of a science relevant to Kermit’s experiences are limited, as her voice is not 

necessarily honored in the classroom (at least from her perspective). Yet, the indication that 

science knowing in the classroom does “sometimes” connect with her world (3/5 on question 2) 

supports that her teacher does attempt to seek relevancy in teaching the students, though does not 

ask them directly what is relevant. Kermit’s CLES responses supply a sense of the “almost.” 

That is, her sense of science knowing is “almost” in context but a few minor issues connected 

with her voice in the classroom, and thus her agency, are keeping her from learning directly at 

the road cut. 

 Kermit’s renderings of the DAST tell a similar story of learning at the boulder. In the 

DAST pre-test, she drew a rather eccentric man, with glasses and crazy hair (Figure 33). He is 

“thinking of all types of science” as depicted by the “thought bubbles” around his head. Yet, 

Kermit’s drawing represents the stereotypical scientist who most likely, does not represent her. 

She represents the boulder of science learning through discretely representing science as separate 

entities that an eccentric scientist participates in. This depiction indicates that she sees science as 

bodies of discrete facts as opposed to a united system of knowing. 
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Figure 33. Kermit’s DAST pre-test. 

 
 In the Girl Scout environment of learning, in which she was given minimal direction and 

was encouraged to supply her own perception of geoscience, Kermit began to establish a context. 

Kermit exhibits that science is not confined to specific spaces and to specific “subjects,” rather 

that science occurs in all spaces and is indeed interconnected (Figure 34).  
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Figure 34. A canopy of trees described by Kermit in her backpack journalism presentation. 

 
 Kermit states, “I took a picture of the canopies of the trees because they are really green 

and seem like they could fit together. I chose to take this photo because it shows how nature 

doesn’t just a occur on the ground.” Through the process of doing her backpack journalism 

project, it became more evident that the lack of context in classroom science has made it difficult 

to connect the concepts of geoscience to the space of the park. Where Dauntless discussed the 

processes of geoscience, Kermit did not readily make those connections. Yet, at the same time, 

she was able to expand her view that geoscience (nature) consisted of more that what was “on 

the ground.” This single, two-hour backpack journalism project did not seem to supply a 

sufficient amount of time for Kermit to think through the geological processes occurring in the 

park indicating that she was not readily equipped with tools encountered in previous geoscience 

learning (in the 6th grade) to engage contextually with geoscience in that timeframe. This is also 

a characteristic of learning at the boulder. Interconnecting content knowledge in new contexts 

takes more time since they are not readily in hand, but the close proximity to the context of the 

road cut means that making these connections is not an insurmountable task. Kermit indicated in 
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the focus group interview that she does not feel that it is possible for her to be at the road cut in 

her science knowing:  

K: I think that [school science is], like it is kind of a steppingstone, so that you 
can build up to get to the final picture. So like in the six grade you learned space 
and earth and then in the seventh grade you learned life and in that eight physical, 
So I feel like they all kind of… You learned something in the sixth grade and then 
in the seventh grade you kind of review what you learned into the sixth grade and 
then add on to that knowledge. And then in the eighth grade you take what you 
have learned in the past two years and then you add onto that... 
 

Kermit recognizes that there is a process of “building up” to achieve a “final picture” at some 

point in the future. Rather than taking the current picture and applying it at her current level of 

knowing, she files away her moments of knowing into discrete scientific subjects with the hope 

of piecing them together into a full picture at a later date. While it is feasible that she has not 

been exposed to as many concepts as more “professional” scientists, it does not negate the 

importance of her standpoint on knowing and doing science. Yet, she believes that she has a 

limited perception at this juncture in her education that impedes her ability to consider herself a 

scientist. This “ability” is a matter of agency and it stems from a positive presentation of science 

that is inclusive to all. What she is yet able to realize is that she is continually developing agency 

through her content knowing within the context of science. The nature of science is dependent on 

each knower’s perspective. No one knows the answers and everyone is limited in what can be 

known (i.e., scale of what we can see, complexity of processes, etc.). There is no final picture, 

only the snapshot at the road cut that helps us infer the rest of the world of science. Kermit has 

missed this point in her science learning and thus learns at the boulder. For the “Kermits” in 

science, it would take little to bring them to the road cut. A teacher a class, or an experience with 

the Girl Scouts could bring this connection and help her build her scientific content knowledge, 
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thus helping to bolster her confidence and agency to navigate the bridge to science that takes 

place at the road cut. 

 Learning at the pebble. Those learning at the pebble, unlike those at the boulder, may  

have a more difficult connection to the road cut because it may be out-of-sight relative to the 

road cut. A pebble is small enough that wind or water could have carried it a good distance away. 

With ever-increasing distance, the pebble is carried further from its source (the road cut) and 

inference marked by understanding the context of that pebble of science becomes more difficult. 

In other words, those at the pebble of science learning are too distanced from the context of 

science and so each new thing learned does not recognizably build on what came before. At the 

same time, the road cut is not close enough for them to use it as a tool of reference, which would 

aid them in distinguishing features that can help fill in their gaps in knowing. When a person at 

the pebble of science learning is asked to talk about or do science, it is somewhat disjointed. 

 This aptly describes Stampy. Stampy is a 6th grader and when asked about her first 

experiences in science she stated, “I don’t remember any of my first experiences, but I remember 

science in the 6th grade. We did the sun, earth and moon science.” In other words, Stampy is only 

able to recall science from the standpoint of the science she is currently learning. None of her 

past learning and experiences fit within the context of her current learning about earth and space 

science. This comes out in both her DAST pre- and post-test drawings. In her pretest (Figure 35) 

she drew Galileo (though he appears to look like Einstein, in my opinion). The features of her 

drawing are a scientific tool, in the form of a telescope, and named planets and stars.  
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Figure 35. Galileo Galilei depicted in Stampy’s DAST pre-test. 

 
 In her post-test, despite participating in geoscience in a different location (i.e., the Girl 

Scout activities) than her earth and space science classroom, not much changed in her depiction 

of the scientist (Figure 36). Each time she presented a male scientist with a telescope, doing 

space science (astronomy), just as she was learning in school. 
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Figure 36. Stampy’s scientist in her DAST post-test. 

 
 Stampy had stated through her CLES responses that she had very little space in the 

classroom to use her “Critical Voice” (averaged 1/5 on the CV scale) and had little “Shared 

Control” in the way that she best learned science (averaged 1/5 on the SC scale). Therefore, even 

though I felt that the backpack journalism activity afforded the girls the freedom to explore 

science in a different way from that of their classroom, Stampy seemed to work within the 
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confines of her current classroom learning status, attempting to replicate the voices from sixth 

grade science class. For example, she took a picture of three pebbles (Figure 37). Initially, I was 

excited because to me, rocks are the heart of geoscience. However, as I looked at the picture, 

something struck me. The rocks are not on the ground, in their natural context. It appears she has 

brought them inside and photographed them. As I read her descriptions, I had the sense that since 

these rocks were removed from their context, she thought her generic description of  “I chose 

them because there are a lot. They come in different shapes and sizes,” was sufficient (Figure 

37). She then viewed her task as completed and could move on. I recognized that there was so 

much more geologic insight that she could have shared, but for some reason, she did not. Maybe 

she chose not to or maybe she simply did not have other insights to share. 

 

Figure 37. The generic description of rocks from Stampy’s backpack journalism presentation. 

 

 For Stampy, the road cut is out-of-sight, as the pebble was carried away by some 

erosional force or simply picked up and carried out of context, as in the above picture. Thus, 
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each science classroom encounter is focused on learning the interesting “facts” of that particular 

science but without sensing the need put those “facts” in context with the world around her. In 

fact, the purpose of science learning for Stampy is being “right.”  In her autobiography she notes,  

My views in science are that when I do something in science, I see it very 
interesting. Science is something that you do to know about something in science. 
I fit in science by doing all of it the right way. 
 

For the person learning at the pebble of science, the facts are the most important part of learning, 

not retaining the information so that it can be used later as a tool for understanding the context of 

the world around them. As such, they tend to memorize information and regurgitate it on tests in 

school or even in a Girl Scout science project in an attempt to be “right,” but they retain little and 

are unable to use what they learn in each grade-level science course as a stepping-stone for the 

next. Yet, at the same time, the desire to be “right” does enables them to focus on the grade-level 

science. For Stampy, each grade-level consists of the process of seeking a context within the 

geoscience pebble (6th grade), and then next year a context within the life science pebble the next 

year (7th grade). She never becomes aware of ways in which the concepts of these two science 

disciplines connect.  

 Learning at the sand grain. While context does exist within the boulder and pebble of  

science learning the sand grain of science learning represents a learning environment devoid of 

context, so far removed from the source that knowing the overall processes occurring at the road 

cut is virtually impossible to distinguish. In this scenario, the girl may be able to talk about the 

science at hand but any chance of applying it to the overall geologic picture is difficult for her.  

 Cupcakes stands out as the representative for learning at the sand grain. In a manner 

similar to that of Stampy, she tends to exhibit a stereotypical view of science and scientists. For 

instance, in her DAST pre-test, Cupcakes drew Thomas Edison inventing the light bulb (Figure 
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38). She tends to attribute science to a successful, prototypical male. She differs from Stampy in 

that the science she represents as an end product, is useful to society. Where Stampy presented a 

scientist actively participating in the processes of doing science, Cupcakes does not seem to 

relate to the nature of the scientific processes that resulted in the light bulb. 

 

Figure 38. Thomas Edison as depicted by Cupcakes in her DAST pre-test. 

 
 In a similar manner, her geoscience, as seen through the backpack journalism activity 

could not be deemed as necessarily scientific. Few descriptions were offered that highlighted her 

scientific understanding of that which was photographed in the park. Instead, she focused on 

framing her photographs and describing them artistically and emotionally. For instance, in her 

first slide in her presentation, she states, “This picture is a tree. It looks kind of mysterious. I 
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think it is an oak tree. It is kind of dark, but the sun shining through makes the tree pop. There 

are so many leaves on the ground. I think this pic is very interesting” (Figure 39). Cupcakes was 

provided general direction to talk about any number of “geoscientific” processes occurring. She 

was even guided in the backpack journalism directions to consider her photos from the 

perspective of her own definition of geoscience. She could have talked about how the sun drives 

the process of photosynthesis or how the leaves on the ground biodegrade and compost to create 

new soil. Instead, she focused on the artistic aspects, the mysterious setting, the sun as a 

decorative element, and the concept that the “picture” was interesting.  

 
 

Figure 39. “Picture 1” from Cupcakes backpack journalism presentation, emphasizing her 
artistic interpretations of science. 

 
 Cupcakes seems distantly removed from the context of science in general, and she did not 

seem able to connect with or describe geoscience in the scene framed in her photograph. Making 

her story even more intriguing is the fact that Cupcakes is in the sixth grade. That means that she 
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is currently enrolled in earth and space science, yet, at best, she is only able to connect 

geoscience with plants and nature. “This [flower] has to do with geoscience because it is a plant 

and geoscience is plants and nature.” Admittedly, earth science may not have been a great part of 

her first semester learning. She stated in her autobiography, “I like learning science but I don’t 

like [to] learn about the sun, earth, moon system.” 

 Seemingly, the focus for her classroom learning in sixth grade science has been 

astronomy, which she states she does not like, and when her CLES responses are viewed, it is 

apparent that she has very little voice in changing the learning approaches (CV scale average 

1.8/5; SC scale average 1.6/5). When the girls in her focus group where asked about their voices 

in their science classroom, Cupcakes stated: 

I think that in the lab or an individual projects your voice can be heard because 
it’s stuff that you were presenting and stuff like that but when you are in a group 
or you were just speaking up to the class it’s not just that... it’s really the teacher’s 
voice that is being heard.  
 

The apparent lack of consideration for her learning needs from her teacher, coupled with the 

sense that science is only ‘sometimes’ relevant to her real world experiences (PR scale average 

3.4/5) situates her as a sand grain at a distance from the in situ source at the road cut. Similar to 

Kermit, gaps exist between science knowing in school, and Cupcakes’ experiences from her 

world outside of school but further detrimental to Cupcakes is that, different from the boulder 

and pebble, science learning is rarely contextual and has thus become an artistic endeavor. 

During the backpack journalism activity, Cupcakes either lacked the ability or chose not to 

represent her ideas in a scientific manner, which may be it due to limited vocabulary, limited 

understanding of the context, or most likely, a mix of the two. But all is not lost. By the final 

meeting, a change had begun to come over Cupcakes as she recounted the opportunity that this 

Girl Scouts geoscience project had afforded her. She was given an opportunity to explore 
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geoscience and to use her voice in a new way. The time that was spent together discussing, 

assessing, and doing science in a different way than in the classroom opened up a platform for 

the girls to explore geoscience and their own beliefs about themselves in science. The time to 

assess her standpoint over the course of the study brought changes to the way that Cupcakes 

viewed science as represented in her final scientist on the DAST post-test (Figure 40). Her 

drawing supplied insight into a transforming view of science as she realized that “science can 

come in many ways,” including the way we knew and did science in this research project that, 

emphasized each girl, her voice, and her story of science. In the focus group interview, Cupcakes 

discussed her DAST post-test, “Most scientists are supposed to be men, but I thought that a 

woman can be a scientist too...” Her view of science expanded in the learning environment of the 

Girl Scouts, as did her own sense of agency, as she redefined the context in which she viewed 

science, through her own specific lens of defining a scientist and the science that they study.  
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Figure 40. Cupcakes’ DAST post-test drawing. 

 
 Cupcakes’ story brings our discussion of the in situ learning at the road cut to a close. As 

we leave this exhibit hall, I once again feel that some explanation is needed before we venture 

into the final exhibit. Lest we forget, the Girl Scouts is a space designed as a multifaceted 

learning environment for young women. It is not a space intended for focusing on a single 

dimension of knowing, but it introduces the girls to a multitude of ways of knowing, doing and 

being in the spheres in which they live their lives. Thus, the Girl Scouts stands as a model for the 
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complexities encountered by these girls’ as learners and knowers. Yet, stereotypes, and often-

invalid interpretations, seem to dominate the landscape of the Girl Scouts. The girls describe 

“outsiders” as those who have never shared in the Girl Scout experience, and tend to pass 

judgment on whom a Girl Scout is and what the Girl Scouts offer and attempt to negate the value 

of this informal learning environment. 

The Informal Road Cut of the Girl Scouts Road: Driving through Third Space 

 Almost every girl in the study indicated that most people outside of members of Girl 

Scouts (past and present) do not view the Girl Scouts as a viable environment for learning. In 

fact, when I asked the girls’ opinions on the statement, “Others would see Girl Scouts as a place 

for learning science,” their replies were overwhelmingly negative. There were several comments 

that stood out. Rue voiced the first: 

R: Disagree...Like Girl Scouts is so stereotyped. Like at my school they’re like, 
“oh so you sing songs in a circle and you guys wear badges can you do all this 
childish things...” And I’m like “no we actually bond together and create 
discussions, like we are doing now, and do different things other than what you 
see in the movies. 
 

Tigger was the first to mention that the Girl Scouts is known simply as a place to sell cookies. 

Yet, the girls have a different viewpoint that helps them connect, bond, and expand their 

horizons.  

 The Girl Scouts is a “venue of hope” for these girls, educating them to live their lives and 

be contributing members of society. Additionally, as seen in this study, it is a space for 

participating in science education in an informal environment. In the Girl Scouts, girls have a 

place in which they can explore their voices and the voices of other young women, free of the 

distraction of grades and boys, whom as Fruit Loops said, “Expect us to be focused on them the 

whole time.” Each Girl Scout had a chance to explore and understand the evidence that has been 
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presented in their science classroom, combined with their personal experiences in other more 

informal environments, including this Girl Scouts experience. They were able to evaluate, 

formulate, and reformulate their perspectives in science. The inclusion of the Third Space 

learning environment of the Girl Scouts offered revelation into the transformation of the girls’ 

perceptions, as the study progressed and the girls drew, discussed, and wrote about their personal 

experiences with science. Research focusing on simply the CLES, the DAST, the backpack 

journalism activity, or the focus group interviews as a lone tool, would have provided limited 

insight into their perspectives on science. The inclusion of each tool in this study, in this informal 

environment of learning, provided a more holistic view of the scientific experiences of each girl 

and offered a great deal of insight into the ways their perspectives of science were transformed 

through the various activities incorporated into this Girl Scout experience.  

 In order to continue on into the exhibit hall of “transformative experience,” I think it is 

important that we to examine the potential biases we might have against non-traditional learning 

environments—negating their effectiveness in bringing about the type of “learning” deemed 

legitimate learning (Rodari, 2009), and recognize the value of each experience these girls have 

encountered in their lives. Their own personal transformations originate from their own 

experiences, and we cannot simply ignore the parts that make-up the sum of who they are, both 

formally and informally derived. This leads into the third phase of the study, in which the DAST 

pre- and post-tests were examined as a means of understanding each girl’s individual journey of 

discovery of transforming their science perceptions. 

Exhibition Hall 3: Marking Transformative Experience: Phase 3 

 I believe it is safe to say that every girl experienced transformation over the course of this 

study. As new ideas and new people interact, it is virtually impossible to remain unchanged, and 
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the girls’ belong to the Girl Scouts because they want these experiences. Each girl in this study 

exhibited her own level of transformation in much the same way that their perceptions 

represented a range of “elevations” on the map. No girl was like any other girl in her 

transformational experience. 

 The girls in this study were asked throughout to evaluate and explore their own 

perspectives of science in the classroom, on their own, and as they participated in activities. They 

were asked to draw, take surveys, write and discuss their perceptions, all while knowing that they 

had a story to tell about science. As I expected, because I myself have experienced it so many 

times, when one pays focused attention to something, transformation occurs. It is only when 

something lies dormant, unevaluated, and unexamined that the possibility for transformation is 

squelched.  

 In this study, the mere elicitation for the girls to examine their perceptions of science 

meant that a transformative experience was a possibility. This transformative experience in 

science might be subtle, either as girls embark for the first time in the true examination of their 

science perceptions or as they have continually examined their perceptions, with this just being a 

part of their typical journey. However, it might be deep as exposure to different ways of knowing 

and doing science are introduced and recognition is made that an evolution in standpoint is in 

order.  Change might occur in a more positive direction. The research questions in this study 

indicate that I believe there is great value for a girl to be agential in her knowing and doing 

science, as she addresses her own questions about the sociocultural norms of science and begins 

to redefine science from her own perspective. There is value and freedom in not feeling the need 

to conform to the expected ways of knowing and doing science. For the girl who finds this, 

experiencing science is positive because though knowing and doing science may be complex and 
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messy, they recognize that that is okay. However, transformation does not always occur in the 

direction that one may expect. It is not always in accord with my definition of the positive. For 

instance, one girl started out with a wide open view of science, and the more she examined her 

perceptions, the more she felt the need to frame science in tight, neat packages in order to 

simplify it in her own mind. The DAST served as the main tool that helped me recognize 

transformation, though several other tools were also used. 

 Many of the girls, when asked to examine their perceptions on science, made statements 

such as, “Oh, I like science,” or “Oh, I hate science” simply based on the judgments originating 

in school: yet, they never had actually evaluated the origins of these view of science. When they 

were asked to draw their scientist during the first meeting, they automatically drew the 

stereotypical scientist because they had not examined their perceptions before with any depth. 

The eccentric male scientist, locked away in his lab, experimenting alone, was the first thing that 

came to mind and so they drew it. Some changed only over the course of the study because they 

did not delve too deeply into the examination of their science standpoints. In some cases this was 

because they missed a meeting or two or were late. In other cases, it was because they simply 

chose not to. JJ Universe stood out the most as one who really did not examine her standpoint 

with much depth. 

 Subtle Transformations. JJ Universe is a 6th grader, who is always on the quest to  

understand everything except science. She already had a preconceived notion about science as 

we began working together. In her autobiography she stated, “I do not like science. I do not feel 

like I belong with science. It is really hard to understand. Science is not my thing.” She wanted 

this to be the end of her story on science. JJ Universe had already decided she did not like it and 

that there was no need to question those origins of that dislike. During the interview, she chose 
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not to offer much insight into her feelings. In fact, more often than not, if she spoke it was to ask 

a question like this, “I have a question...I think it was Simba, who sent an e-mail that said 

something about interviews. What were the interviews?” She had arrived a few minutes late to 

the interview and missed the introduction; however, when she walked in, I explained what we 

were doing. From then on, she was not interested in participating and though I often asked for 

her input, it was limited. She just did not feel the need to examine her perception on science. 

Occasionally, she expressed views that she just did not get science in any form, geoscience 

included. “I don’t really get how earth and space is science. Usually when I think of science, I 

think of chemicals and experiments and scientists. But I usually don’t think of earth and space, 

so if I could change that I would make it just like experiments.” For JJ Universe, if you are not 

experimenting you are not doing science. 

 Most telling was the comparison of JJ Universe’s DAST pre- and post-test. Her pre-test 

was comprised of an African American scientist, in a lab and lab coat, drawn in the middle of a 

white expanse, showing little context (Figure 41). She did not write anything about this scientist, 

and so there was little depth to my understanding of her depiction. Is the scientist a male or a 

female? Is it her? 
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Figure 41. JJ Universe’s DAST pre-test. 

 
 I was hoping to find out more in her post-test, but saw immediately that not much 

changed between the DAST pre- and post-test depictions (Figure 42). Yet, as we all talked about 

their DAST drawings in the focus interview, something came to light that JJ Universe had never 

alluded to before. I asked her how her second scientist differed from the first and she said, “If I 

could change it, it would actually be me...because I am a scientist, especially when I am at 

school.” JJ Universe had missed the meeting where we did the second DAST, but when she was 

given time to complete it after our interview, she held true to her word and drew herself, though 
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the likeness to the first was not overwhelmingly different. Yet, the girl who claimed early on that 

she did not like science or did not feel she belonged in science, found it within herself to put on 

the mantle of a scientist, “especially in school.” This is not a drastic change, but it shows that as 

she thought through the meaning of knowing and doing science and being a scientist, she was 

able to include herself in the picture more than before. Again, self-examination brings about 

transformative change. JJ Universe’s change was more of a subtle change that simply relocated 

her as a scientist for a very discrete time and in a discrete setting.  

 
Figure 42. JJ Universe’s DAST post-test. 
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 Another form of subtle transformation is for those that have explored their place in 

science to such a degree that any change is subtle. Dauntless is a prime example of this type of 

transformation as we saw in her narrative. She spent much time examining many types of science 

and her location within those scientific spaces that she is able to see herself in just about any 

space, though she has preferred locations for doing science (i.e., the aquatics lab or in a space 

ship studying the galaxies; Figures 21 and 20, respectively). She also has the agency to know that 

she can fluidly move between different scientific disciplines. The transformative experience for 

her comes as she learns new scientific concepts and expands as a science learner. 

 Deep Transformations. Some participants changed deeply as they examined their  

perceptions of science. Along the way, they questioned the ways in which knowing and doing 

science had been presented before and sought different ways to express their own science 

knowing and doing. Rumbelle represented the greatest amount of transformation as she took part 

in the Girl Scout activities. During one of our surveys, Rumbelle begged me to come teach 

science at her school. This came about as Oncer asked me a very pointed question, “Why in the 

world do you want to work with middle-schoolers?” At that point, the leaders and many of the 

girls turned to look at me. I told them that this is an age group that I really care about. At this 

time in their lives, there are many things happening to them, and I want to help, and I want to 

help them as individuals, and with learning and their love of learning. I also shared that I was 

also once a middle school girl, and I understand their perspective. Rumbelle then spoke up 

asking, “When you get done with your degree can you come teach at [my school]?” She almost 

pleaded with me, as if I might offer hope in her somewhat hopeless situation.  
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 I was somewhat surprised as we continued to work together to find that Rumbelle likes 

science. Rumbelle started describing her definition of earth science and it led to the following 

conversation: 

Rumbelle (R): What I was thinking is with earth science and earth and space 
science. We all live on Earth, And there animals living on earth, And humans 
have actually gone to space, so I think those two actually kind of tie in and then 
when you add the physical science, if you think about it you need a lot of energy 
to push the your way up out of the Earth’s atmosphere and to escape the 
gravitational pull, so these things just kind of tie in together. 
 
Mota: You just kind of jump into outer space 

R: Yes, so if you think about it you just can’t do that. 

H: Interesting. I have a question didn’t you say that you hate science? (To 
Rumbelle) 
 
R: No I like science  

H: you do like science? 

R: Yes I like science 

Yet, when I looked at her DAST pre-test and her responses on the CLES, I thought I must have 

heard this wrong. I listened to the recording again, ensuring that the voice I heard was 

Rumbelle’s (which it was), and I was at a loss.  

 There was an apparent mismatch between what she spoke and what she wrote as she 

drew the DAST and completed on the CLES. For example, Rumbelle drew a stereotypical 

scientist, marked by the expected features. Taking it a step further she added an almost inhuman 

character to him (Figure 43). His name is “Squaddles” and she explains, “He experimented with 

squids when he got his squid legs. After a while he got shocked by lightning and got his hair. He 

loves science and works hard.”  

 



 

 168 

 
Figure 43. “Squaddles” is Rumbelle’s scientist shown in her DAST pre-test. 

 
 I have to admit; the first thing that came to mind as I saw this drawing was Dr. Otto 

Octavius from Spider-Man, better known as Dr. Octopus (Figure 44). His sinister appearance 

belies the man underneath, a brilliant nuclear physicist who endured years of bullying in school 

because of his academic prowess. In one version of the Spider-Man saga, he created his 

mechanical arms, to work in the lab and to protect him from exposure to radiation, but in an 

accidental exposure to radiation and the arms became fused to him and his brain was altered, 

ultimately leading to battles within himself for control of the once good Otto Octavius.  
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Figure 44. Dr. Octopus, from the Spider-Man series. Illustration by Caitlin Sawyer. 

 
 Just like Dr. Octopus, “Squaddles” thrives as a scientist, and seeks to do well, but is a 

prime example that sometimes things in science can go terribly wrong. Both through her 

drawings and statements, Rumbelle seems to be saying that science is going wrong. This was 

evident in her pleas for me to come and teach her science and make learning bearable. She also 

sees danger in science and the potential for a life-altering change if it is pursued. In her 

autobiography she stated, “My views on science are that science is good, enjoyable but can be 

dangerous.” What makes it dangerous? 

 As I looked at Rumbelle’s CLES scores, combined with various comments she made as 

we worked together, a clearer picture began to emerge. First, she had the lowest score on the 

CLES (38/125), and her responses gave me a sense of how powerless she feels in science class. 

Science in school lacks relevance to her personal experience (scored 1/5 on the PR scale), and 
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yet, she does not have a voice to change this (averaged 1.2/5 and 1.6/5 on the CV and SC scales, 

respectively). In addition to the lack of voice with her teacher, other students do not respect or 

listen to her voice very often. When I asked her focus group about who has a voice in their 

schools, Rumbelle replied: 

I think that it is more, I agree with what [Mota said about teachers]. In a public 
school your voice is not really heard. It’s mainly what the teachers say. But when 
you’re left your own devices and you have to do a lab with your lab partners, it’s 
a little bit more of a pain, but not as much. So mainly we have our own... So in 
our lab group we have a lab hog and it’s like really difficult to have your voice 
heard and yeah... 

 
Each piece of Rumbelle’s story culminates at a singular point: the pursuit of science, despite a 

love for learning and knowing science, is dangerous and could ruin a person. No one listens 

enough to change this view and so Rumbelle sees science as very difficult to navigate, at best. 

But her story is not finished. Through this Girl Scouts activity, and by finding a sympathetic ear 

that wanted to hear her story, a deep transformation was brought about in Rumbelle. Her 

transformation is best represented through her DAST post-test (Figure 45). 
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Figure 45. Rumbelle’s final representation of a scientist on her DAST post-test. 

 
When I asked her about the changes she made, she stated: 

I changed the gender as well because… And I also change the appearance as well 
because in mine originally...it kind of resembled Albert Einstein. So I changed it to look 
like a normal girl and I changed it so they weren’t really in the lab working with 
chemicals, but they were outside in nature. 
 

She changed the gender of the scientist and also removed the sinister/eccentric characteristics of 

“Squaddles.” Also, her scientist is not only represented by a “normal girl,” but by two “normal” 

girls, one Caucasian and one African American, exploring nature. The face of science seemed to 

really change for Rumbelle. No longer was science associated with the “mad scientist” working 

by himself in the lab, hoping that no other mishap would occur that would further destroy his 
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tenuous life. Rather, science became a space of learning that involved others in the innocuous 

setting of nature. 

 The setup of the Girl Scouts, as a space that honors the girls’ voices, became a place of 

empowerment for Rumbelle. She was able to examine science in a new way, with the full respect 

of me as an investigator as well as that of her troop mates. Apparently, this is a rarity for 

Rumbelle and this venue, which honored her voice opened up a new perspective on science for 

her. Therefore, she exhibited a very positive transformation in her perspective of science. 

However, this was not the case for everyone. 

 The positively unexpected transformation. Each of the above examples, from  

Dauntless and JJ Universe to Rumbelle, conforms to my definition of a positive transformation. 

Yet, I came to realize that my definition is not the only definition. Rue started out with what I 

would have viewed as a positive perception of science. As the study progressed, Rue became an 

exception to the rule. Rue went from the girl “who is not a scientist” but loves exploring the 

world around her to the girl boxing science into a classification system needed in order to reduce 

the chaos. In her case, she felt that she thrives in a classroom setting that examines each layer of 

science individually, classifying or not mixing the scientific themes, but instead working 

systematically in order to avoid chaos. 

R: It’s basically what we do us humans have classified it as. It’s not really a right 
way to know what it is, but it is a right way through the way we have classified it 
to make it simpler. 
 
T: It’s basically trial and error.  
 
R: Yup! 
 
H: So you’re saying we simplify things to make it easier? But when we get to the 
depth ... like we look at the depth of this table (touching the table in front of us) 
down to the Nano molecules, you know the really tiny, tiny molecules... For 
instance, if we were to look at gold under and SEM microscope the particles are 
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blue-green or red. They’re not gold anymore. So there’s more to it than we know. 
Do you all agree with me? 
(I hear agreement and then I state, “I get nods from everybody.”) 
 
R: I just think that in everyday life there are instincts. As humans our instinct is to 
simplify things to make things in their simplest form so that we don’t have utter 
chaos. 
 

 Initially, I viewed this gradual change in scientific perception as negative. Her perception 

is grounded in an avoidance of chaos, indiscriminate of the fact that life is chaotic and therefore 

science is going to be chaotic. I, personally, had a hard time viewing this perception as positive, 

but then I realized that for Rue, science is not grounded in the chaotic, but instead in one that 

systematizes her world is a positive way for her to deal with science. This was very evident in 

her backpack journalism presentation. She was the only girl who categorized her photos 

according to headings such as “Flowers,” “Man-Made Things In Nature,” or as we see in Figure 

46, “Animals”.  



 

 174 

 
Figure 46. Rue’s “Animals” from her backpack journalism presentation. 

 
 

 On the next slide, she described the commonalities, and the relationship that the subjects 

in her photos had with geoscience (Figure 47). I sensed that she felt things would get too messy 

and too complex if she chose to treat her pictures individually. Therefore, she opted for a generic 

view of her world, lumping similar items together under broad headings.  
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Figure 47. “Animals” as described by Rue using the format laid out in the backpack 
journalism activity. 

 
 Rue brought rigor through categorization to knowing and doing science, but in a way, 

that served her as a knower and learner even though this mindset was not initially evident in her 

autobiography or DAST pre-test (Figure 48). She is willing to concede the “bigger picture” of 

the science road cut and focus on the layers, not so much seeking to ask questions about the 

world and discover possible solutions, but rather to seek facts that will explain her world. 

Science as certainty is evident as she states in the above figure, “I wouldn’t have known [how 

things in nature depend on one another to form an overall environment] if someone didn’t find 

the facts.” 
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Figure 48. “Samantha” is Rue’s DAST pre-test representation of a scientist. 
 
 
 On another slide (Figure 49), as she talked about flowers Rue said, “Well in order for us 

to know these things, we had to test it, find facts, figure it out, “decode” it. And that’s science.”  

The snippets of science, boxed in by “known fact,” are what Rue sees as important, even in 

discussing geoscience: 
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R: The breaking down of literal earth science, like before… like if man wasn’t 
here, it would be what it was before man-made buildings and everything like the 
earth (she laughs because she feels a little silly talking about earth science being 
about the Earth) 
 
H: Okay so like... 

Dauntless: (breaks in and asks Rue) Do you mean like evolution? 

R: No I mean more like the dirt and the soil and the mantle... 

H: Okay 

Tigger: I think it is more like how the earth formed and... 

H: Okay 

R: Figuring out information to simplify. 

 
Figure 49. “Flowers and Plants” from Rue’s backpack journalism presentation. 
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 For Rue, science is intended to simplify, so the ultimate representation of her 

transformation is in a far different direction than I expected. It depicts a setting in which 

systematizing and simplifying can take place. In this space, as seen in her DAST post-test 

(Figure 50), the scientist is in charge, and alone in her endeavor to break science down so that 

she can find the “right answer.” For Rue, this was a transformation that was positive because she 

made a claim to the ways that she prefers to know and do science, and she found power in 

procedural knowing and doing science. She was not being forced to participate in any particular 

way and used her voice to choose her own course in science. She said that she prefers to do 

science by herself, “because [she] has [her] own opinion.” The power is in knowing what you 

believe, why you believe it, and supporting those beliefs. So how could Rue’s transformation not 

be positive? Her scientific bridge is built on the foundation of her own agency as she chooses 

how “to be” a scientist and how to do science. 

 
Figure 50. Rue’s final DAST scientist set in an aquatics lab. 
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 Rue’s story closes out Chapter 4. This chapter has used the metaphor of a geological 

museum as a means to accurately “re-present” many of the girls’ stories, in part or in whole, and 

to provide a framework for understanding their perceptions of science. The museum was divided 

into three main exhibit halls, though many more could have been discussed. The first hall we 

visited was the map room of science perception, in which a map was presented that spans the 

perceptions the girls have of science. We then toured the road cuts of learning, in which we 

described the road cuts of both the science classroom and the Girl Scout’s learning 

environments. This hall provided us glimpses into the classrooms of each girl and recounted their 

stories from school science, while at the same time, coupled the girls’ real-time perceptions of 

science as they participated in this study through the Girl Scouts. The final hall highlighted the 

features of transformation as the girls critiqued their own science experiences in spaces where 

they are knowers and learners of science. 

 Ultimately, what do the findings of this study mean and why are they important? This 

leads us to Chapter 5, where I expand on the issues of agency and voice and what it means when 

we say, “we speak with the voices of many,” within the spectrum of knowing that defines the 

nature of science. The stories developed in the context of this study were pivotal in 

demonstrating the variations in perception and individualized conceptions of what the nature of 

science is. Once we begin to grasp agency and voice as they interact with the nature of science, it 

will then be possible to objectively view the social and cultural tension associated with the nature 

of science and to offer ideas of pedagogical transformations that could support a more inclusive 

science. 

  

  



 

 180 

 
 
 
 
 

CHAPTER 5 
 

DISCUSSION 
 
 

 The journey through the museum of science knowing and doing, as seen from the 

perspective of the participants, culminates here in Chapter 5. Together we have walked from 

exhibit hall to exhibit hall in Chapter 4, examining the combined evidence in the form of various 

stories from the participants. These stories originated as I sought to explore the standpoint each 

girl had of science and to examine the influences of various learning combined environments on 

these perceptions. Specific methods were applied, with specific purposes, which converged onto 

a pathway of better understanding through a mutual respect of voices. We encountered the map 

of perceptions and met the three girls who best defined these perspectives. We then entered the 

learning environments exhibit hall and investigated the ways in which relative position to the in 

situ road cut, the learning context, affects girls’ as they know and do science. Finally, we 

explored transformation as the girls themselves explored their own position on the map and 

locations relative to the road cut learning environments. But that was just the evidence. The 

question still remains, what does the evidence means? In Chapter 5, I revisit the guiding 

questions of this study and extend discussion of salient issues positioning this study in the larger 

community of scholarship. 

The Premise of the Study 

 The fundamental premise of this study is that in general girls have been devalued and 

neglected in ways of knowing and doing science and have been relegated to the margins of 
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within it (Harding, 1991). Therefore, girls have been afforded few opportunities to critique 

science and evaluate their place in science. This study has examined ways in which girls may 

generate a voice and agency through participation in and critique of science, specifically 

geoscience, within the context of the alternative learning environment of the Girl Scouts. I have 

sought to investigate girls’ standpoints on science and the manner in which social and cultural 

structures have been defined that have played a role in reifying those standpoints throughout this 

study. I have also sought a better understanding of the science learning environments each girl 

encounters throughout her scientific experiences and the ways in which knowing and doing 

science is affected by her voice and agency as she participates in science. The role of each tool in 

this study was intended to bring power to each girl’s voice. The design of the study was carefully 

thought through so as to honor that voice at every step. It is against this backdrop that the 

guiding questions of the study were explored. Again, these questions include:  

Question 1: What are girls’ standpoints on “science?” 

Question 2: How might the Girl Scouts offer an alternative environment for learning and 

doing science while at the same time allowing them to be scientists? 

Question 3: How might this Girl Scout experience transform the ways girls engage with 

geoscience? 

In the following sections, I revisit these questions through a summary of the results. 

Revisiting the Questions 

Question 1: What are girl’s standpoints on “science?” 

 Asking a question about a participant’s standpoint on science is like opening the 

proverbial can of worms, eliciting no response similar to any other. From the twenty-one 

participants in the Girl Scouts Troops, there were twenty-one different perceptions. This study 
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more has centered on the ideas of agency and voice in defining science and finding a place in 

science. Science, as a socially constructed entity grounded in history, politics, and the voices of 

men in the dominant class, has excluded women (Nespor, 1987). On the other hand, a feminist 

science includes the perspectives and voices of women in science. It takes into account that an 

unbiased, value-free, and gender-free science does not exist (Barton, 1998). More often than not, 

girls have been afforded inadequate space to question and critique their experiences of science. 

Being science-educated has little relevancy to a majority of young women because science 

knowing does not originate within their own lived experiences but instead from the lives of the 

dominant class of knowers (Harding, 1991). In regard to the participants in this study, a 

commonality exists among all of them, to varying degrees, which is the minimization of their 

voices by their teachers and peers. The girls’ science perspectives are marked by three distinct 

themes: those having stances “contouring the mountainside,” those “in and along the river’s 

edge,” and those whose standpoints contour the topography of science knowing in between.  

 Agency and voice mark the girl with a positive mountainside perception of science. Such 

a girl has a navigational stance that is stronger than those in other locations on the map, as 

observed in Dauntless’ story throughout this study. This is not to say that girls like Dauntless do 

not encounter doubts and uncertainty as they navigate science, but overall they have an inner 

strength that enables them to navigate successfully. The question is where does this sense of 

strength originate and what cares are needed as the girl continues to cultivate her practices of 

science knowing?  For the girls who had these positive perceptions, there is the common thread 

of access to knowing and doing science woven through their stories. These girls have not 

participated in science from the margins; rather, they have actively taken part as a scientist or 

simply as a scientific person. They have been given the freedom to explore science in a way that 
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is relevant to who they are and what they believe. Their scientific understanding is grounded in 

their own objectivities, leading them to ask questions about their world from their own 

perspectives, while at the same time critically evaluating other perspectives. Dauntless expressed 

the freedom to explore science on her own but also recognized that other voices (the 

conservative voices) must be included as a part of science knowing. In other words, for these 

girls, science is not necessarily the science of the dominant class but knowing the world through 

their own perspectives and beliefs. Girls like Dauntless have developed an agential purpose in 

being scientific and have infused a voice of resistance by accepting a multiplicity of ways to 

know science, instead of settling for the dominant class perceptions of a “feminist-less” science 

(Barton, 1998; Harding, 1991).  

 Science for girls “under water” is defined by negative perceptions that do not typically 

include an agentic practice of evaluating the world from their perspectives. These girls tend to 

accept the dominant class’ presentation of science as factual. In their practice of being science-

educated, science learning is not viewed as a space to critique these “facts.” Therefore, they have 

rarely experienced a science that has originated from their own personal longings to know about 

their world. This has resulted in marginalization, as their voices have little or no value in the 

processes that define science. Science has become an abstraction in learning, filled with 

memorization of facts, as experienced by Tigger, that are irrelevant to the world around them. As 

a result, they tend to shy away from science and opt for the dominant-class-defined, more 

“feminine” endeavors, such as English, Drama, and Art, as discussed by Leaper et al. (2011) and 

McCrea (2011). Yet, when given a chance to critique science and to examine their perspectives, 

as we did in this study, those contouring the riverbed were able to find ways to transform their 

perspectives. They developed a voice in the examination of the process of being scientific and 
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from this emerged an innate, often artistic connection with the world around them. Science need 

not follow a prescriptive means to answer a question and verify given “facts.” Instead, science 

for them means looking at the world around them, questioning and critiquing those facts, and 

examining how these “factual” meanings have become applied, indiscriminate of their voices. 

Before this study, they were not aware they could or should question. When offered up a space 

and tools wherein they could try alternative ways to be science knowers, transformative images 

and voices emerged that showed potential for more positive bridge ways for their science 

learning. 

 The girls at the “river’s edge” portray a more precarious system of tensions. They could 

easily be pushed in one direction or the other; they could be taken away in the currents of 

disengagement from being science learners, or they may move up onto the mountainside to 

assume a more secure footing as a science knower. A key characteristic for girls at the river’s 

edge is that they are not aware that they can question science. They struggle with their voice and 

agency. Therefore, they are often overlooked, ignored, and marginalized as science knowers. 

This, in turn, creates a tenuous relationship between them and people the girls regard as being 

more scientific. Transformative experiences for these girls may seem quite subtle, but from their 

vantage points such changes of stance are quite deep.   

Question 2: How might the Girl Scouts offer an alternative environment for learning and 
doing science while at the same time allowing them to be scientists? 
 
 The Girl Scouts is a girl-led organization that honors the voice of the girl. The girls were 

able to choose to participate in this research and wanted to be there. At the same time, the tools 

in this study were used as mediational means to help the girls explore their own voices and the 

voices of the other participants in matters of science, while at the same time offering an 

environment free of distractions, such as grades and boys. The girls were able to explore their 
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own personal standpoints on science and voice those standpoints to others. They were able to 

participate in a science, not based on others definitions, and instead based on their own 

experiences and beliefs. 

 Each girl in this study was given space to be a learner on her own terms. In so doing, they 

did science, were knowers of science, and they shared their stories from their unique perspective 

of the road cut, boulder, pebble, or sand grain. This is grounded in the discussion from Chapter 2, 

of framing the study in Feminist Standpoint Theory and Learning Environments and then 

focusing the study through Transformative Mixed Methods. The girl’s stories emerged from their 

own perspectives. The use of these two theoretical lenses provided a framework through which 

the narratives of each participant could be viewed, while the transformative nature of the mixed 

methods study allowed for multiple interactions of voice. The transformative nature also ensured 

that I, as the researcher, kept two key issues as a focal point throughout the study: (1) power and 

(2) social justice. I continually recognized that my position of power as a researcher had a 

profound influence on the girls’ participation (Mertens, 2010).  

 The Girl Scout venue provided me, as the researcher, with the means to establish and 

honor relationships with the girls and to focus on my influence and power as they explored the 

meaning of science from their perspectives. The beginnings of the study included a “meet-and-

greet” during which parents and participants were introduced both to the study and to me. They 

were given time to ask questions about the study, their roles in it, and to find out more about my 

role. This time was also used as a chance to use “small talk” as a means of getting to know as 

many of the individual participants as possible. Our second meeting was designed as a way for 

them to explore their own perceptions of science in the classroom as well as any stereotypical 

representations they had of science and scientists, while at the same time allowing me the chance 
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to interact with the girls in an informal manner and further build relationships. The backpack 

journalism activity and presentation preparation meetings furthered relationship-building and 

trust as the girls were given a basic guideline for the activity but were encouraged to bring their 

own voice into their science learning, knowing, and doing. Once these relationships had been 

well established, memory-work focus group interviews were conducted. The deliberate approach 

of the study served to honor the participants’ voices at each juncture and in the girls felt that they 

had power with which they could critique science from their own perspectives. 

 The power of critique and strong objectivity. Being given a space to critique the world  

is vital to everyone. Adults, for the most part are free to do this: men probably more so than 

women. For example, a common space that comes to my mind is the church business meeting, 

run by the male deacons and populated mostly by male congregants of the church. The woman’s 

voice is normally neither included, nor appreciated. A more personal example is my participation 

in a meeting with a coal company managerial staff. While I was the lead geologist and should 

have been in charge of the conversations, I was completely undermined by the coal companies’ 

senior manager, who ignored me when I spoke and only acknowledged my male coworkers. In 

the heat of that moment, when I allowed him to strip me of my voice, finding the foundation to 

stand up for myself was impossible. It is only in hindsight, looking back at the experience and 

then being given a platform to critique this situation, that I was able to experience growth and 

develop my voice and agency. 

 In this study, within the venue of the Girl Scouts, a platform emerged for the girls to 

critique science through the idea of “strong objectivity” (Harding, 1991). My own personal lived 

experiences as a student and then as a scientist led to the questions asked and the groundwork for 

this study as I once was the girl, seeking agency. My interpretations were grounded in objectivity 



 

 187 

as I sought to re-present all participants’ personal perspectives on science and ultimately 

understand their agency and voice as they make the journey through science. This study was 

designed to supply a platform for each girl to critique science in any way they chose, but more 

specifically, if they chose to. They were given a space to question their own perception, 

regardless of where they were located on the map of science perception standpoints, and to find 

hope as their relationship with science and as scientists was transformed. Most were able to 

connect and recognize that knowing/doing science is not a hopeless undertaking and that they are 

not hopeless in their quest to be scientists. One might question whether they all wanted to be 

“professional” scientists, and the answer is no. But for those moments in time when they were 

engaged in this study, they were willing participants in the action of being scientific and enjoyed 

participating as scientists. In other words, the girls were able to view science with a strong 

objectivity and to see the multifaceted ways involved in being a scientist and doing science. An 

important insight for me emerged from this study: the girls may have never had the opportunity 

to explore the meaning of science, question from whom this meaning originated, to question the 

way that science is done, or to seek a new path to redefine their active participation in the spaces 

of science without participating in the activities outlined herein. 

Question 3: How might this Girls Scout experience transform the ways girls engage with 
geoscience? 
 
 Through this study, I came to realize that the awareness of geoscience as a science 

discipline was a concept that was difficult for the girls to grasp. Overwhelmingly, geoscience 

was interpreted to be “nature,” and therefore conversations about geoscience quickly turned to 

discussions of science in general. For instance, Stampy learned at the pebble, despite currently 

learning earth and space science in the classroom. She did not translate her knowing well to the 

Girl Scout experience. This was evidenced in the backpack journalism activity in which she did 
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not discuss geoscience at all. In another case, Cupcakes represented geoscience as art, describing 

the sunlight as it “popped” through trees, and that “geoscience is plants and nature.” Geoscience 

as science and nature was pervasive. 

 Though the Girl Scout experience did not necessarily transform the way the girls engage 

with geoscience, it did transform the way that they engaged with science to varying degrees. JJ 

Universe chose to put on the mantle of a scientist in her science classroom instead of excluding 

herself completely from science in her subtle transformation, and in that space she no longer 

considers herself marginalized but uses her agency to be an insider in science (Harding, 1991). 

Rumbelle on the other hand, experienced a deep transformation. Instead of continuing to view 

science as “an enjoyable but dangerous” endeavor, she was able to view science in a positive 

manner as her troop mates and I stood as advocates for her in science. Our choice to hear and 

accept her voice, as encouraged through the tenets of the Girls Scouts, is reinforced by several 

studies highlighting the need for girls to have advocates in science. Advocacy can take place 

through a positive and inclusive science, such as that experienced in an informal setting such as 

the Girl Scouts (Guertin et al., 2004). It can also take place by changing policies to advance 

scientific literacy in an inclusive manner (Lewis & Baker, 2010) or teachers encouraging girls in 

science by ensuring a classroom climate that is conducive to a science for all (Milgram, 2011; 

Reis & Graham, 2005). 

 A common thread arose from the results of this study. Girls need to be presented an 

inclusive science. Girls need to be recognized as individuals and respected for their experiences 

and views that have coalesced into their personal scientific standpoints. They need to be afforded 

opportunity, both in formal and informal learning environments, to question the foundations of 

science and discover a feminist science that encourages agency and voice as a learner and 
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knower of science. The question then is how can a transformative rapport with science build and 

continue to grow? I believe that the answers lie in a transformative pedagogy and the recognition 

that a feminist science must be explored at every opportunity of science knowing and learning, 

formal or informal. Therefore, I feel it is necessary to explore this feminist science as a means of 

engaging in transformative pedagogies that promote an ongoing practice of critiquing the nature 

science, while encourages an inclusive science. 

Transformative Pedagogy 

Pedagogical Applications  

 Each participant in this study was afforded the opportunity to use her voice and to access 

a platform on which she could critique science, if she chose to. Science, as it exists today, is 

grounded in historical, social, and, cultural tensions that have interacted and are still interacting 

with knowing and doing science. The state of science lies in continual flux, changing with each 

new voice that is added. In this study, I found that when girls are given the opportunity to 

critique and question knowing/doing science, they begin to find value in their own perceptions 

and that this, in turn, promotes agency. This study allowed these girls to critique science. The 

process involved trust-building with me, as the researcher and the Girl Scout learning 

environment provided a venue free of the distractions of grades, pleasing a teacher, meeting 

curricular standards, or managing relationships with boys. Ultimately, this allowed the girls to 

freely use their voices as they explored the nature of science (NOS). 

 The recent push to establish national standards for the study of science in K-12 education 

emerged in 2013, through the document NGSS (NGSS Lead States, 2013). The purpose of this 

document was to develop national standards “that are rich in content and practice and arranged in 

a coherent manner across disciplines and grades to provide all students an internationally 
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benchmarked science education” (NGSS Lead States, 2013, p. 1 executive summary). At the 

same time, this document highlights a universal definition for the NOS, initially derived from A 

Framework for K-12 Science Education: Practices, Cross-cutting Concepts and Core Ideas 

(NRC, 2012). “The Nature of Science Epistemic knowledge is knowledge of the constructs and 

values that are intrinsic to science. Students need to understand what is meant, for example, by 

an observation, a hypothesis, an inference, a model, a theory, or a claim and be able to 

distinguish among them” (NRC, 2012, p. 79).  

 The NGSS (2013) deems that science is a way to explain the natural world through the 

use of a set of practices. Science also includes an accumulation of “historical knowledge” 

(Appendix H, p. 1). This historical knowledge can be expanded to include not only the practice 

and constructs of science but also the interactions between social forces such as politics, 

economics, beliefs, values, and human relationships (Cunningham & Helms, 1998). Cunningham 

and Helms (1998) argue that science has often been presented in such a fashion that most people 

believe scientists simply do research, using the knowledge of the intrinsic constructs: 

hypothesizing, observing facts, testing facts, and reporting the findings. Instead, often 

“researchers focus their energies on persuading themselves and others that what they have 

perceived is important and that their interpretations are valid” (p. 485). They also believe that 

these insights are rarely communicated to students, and that ignoring these understandings results 

in a misrepresentation of science that tends to discourage certain groups of students from seeking 

participation in science (Cunningham & Helms, 1998).  

 More specifically, women and minorities are alienated because they are led to believe 

that science is a technical, rigid, individualistic, competitive field, devoid of human touch and 

reserved for the intellectually privileged (Cunningham & Helms, 1998). Teachers need to 
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question the insights that they are presenting in their classrooms, particularly those that do not 

promote an inclusive science. In my study with the Girl Scouts, the girl’s stories combined to 

support a premise that the NOS is not necessarily bound to the constructs defined by the NGSS. 

Instead, their voices combine to highlight the power that examining one’s personal science 

standpoint to bring about a transformative experience in science. In the informal learning 

environment of the Girl Scouts, the girls were given a space to question the NOS and from this 

emerged the power that discussion brings to ultimately expose the injustices in school science. 

This has implications for educators. As Cunningham and Helms (1998) stated, “The justification 

for teaching science will need to shift from one of content mastery to a commitment to teaching a 

more accurate, inclusive science designed to vest more science confidence in all students, 

encourage students to hone their creative and critical thinking skills, and prepare students to 

function in a society that increasingly depends on science and technology” (p. 487). 

 As the girls worked in the informal learning environment of the Girl Scouts, they 

participated in science that was not rigid, and that was a social endeavor. Mastery of geoscience 

content was not at the forefront; rather, the goal was to gain insight into their standpoints of 

science and into the processes of knowing and doing a more inclusive science. The NGSS 

expectations for the NOS are not necessarily wrong, however, bound to them is a rigidity and 

technicality that tends to exclude rather than include individuals. More time needs to be devoted 

to presenting students with the origins of the NOS constructs. Concurrently, teachers need to tap 

into the innate scientific qualities of human beings as they question the world around them. In 

doing so, educators can begin to value the unique approaches that various types of knowers and 

doers of science bring to the exploration of their world. Clearly, the girls in this study are in a 

very different political sphere than scientists pursuing an NSF grant or students pursuing 
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graduate degrees. Therefore, it is imperative that educators recognize the politics of childhood 

that bring students into a space where we are educating about science.  

 Calabrese-Barton (1998) participated with two young, homeless girls, Patrice and Gilda 

in a science experiment. The experiment focused on the science of food, and a poignant reminder 

came through as these girls shared that they had never had a birthday cake. Simple things that we 

take for granted dominated the girls’ consciousness. While we might make assumptions that we 

are aware, the fact is, we are never fully aware of an individual’s story. These girls were 

grappling with strongly grounded political issues as children that in a sense defined their 

relationship with science. Similarly, though the girls in this Girl Scout study most likely do not 

face the child politics associated with homelessness, they must navigate a child politics inherent 

to them, one very different than what adults face. They are young people dealing with their own 

sets of issues and recognition of pedagogical questions of representation and voices of power. In 

order to provide examples of how we might apply insights from this study to classroom learning, 

I will draw from two studies having recommendations for pedagogy touching on aspects of 

relevance and culture. 

 Strengthening the science writing heuristic. There are possibilities for introducing  

sociopolitical issues into science lab writing. New pedagogical strategies have arisen in recent 

years that attempt to take into account the political realm in which learners are engaged. For 

example, Hand, Wallace, and Yang (2004) developed a Science Writing Heuristic as a means of 

encouraging students to examine laboratory activities and to help these students better justify 

their arguments. The authors referred to the Science Writing Heuristic as a theoretical: 

bridge between more personal, expressive forms of writing, which have been shown to 
promote science understanding (Rivard 1994), and the recognized form of the genre, the 
scientific laboratory report, which represents canonical patterns of thinking in science, 
most especially the link between claims and evidence. 
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The literacy practices used in the study were employed as a means for instilling the voice of the 

student into their laboratory exercises and thus promoting ownership and responsibility for the 

decisions each student made. This, in turn, led to students who were more engaged. 

 Building on the pedagogical processes from that study, and expanding it based on the 

insights I gleaned from my work with the Girl Scouts, I would prompt the students on what 

engagement and ownership means to them, infusing a feminist pedagogical approach. During the 

Girl Scout focus group interview, the girls were prompted to describe what science would look 

like if their voices were be regarded as important. At the heart of this prompt was a push for 

them to question the fundamental roots and history of science, the NOS. My study offers up 

possibilities to extend what Hand et al. (2004) initiated with their Science Writing Heuristic. 

Hand et al. (2004) had the students begin their lab writing by reflecting on personal experiences 

that they were bringing to the science phenomena under study. Once the lab was completed, the 

students were invited to revisit their personal insights and applications of the lab. Based on their 

study, a preliminary discussion about peer review, as well as discussion about how they 

perceived their own voices coming through their writings and conversations as science lab 

learners was undertaken. The analogy of the topographic positions represented in the current 

study, could be used by the students in their own writings to elicit their transformations of voice 

and agency in science laboratory communicative practices, by seeking to understand their 

standpoints with respect to them writing about self-perceived position on the map of science  

standpoint. 

 Culturally relevant science pedagogy: Intersecting teacher and student standpoints.  

In another study, Goldston and Nichols (2009) focused on teachers instead of students and used 

photonarratives produced by African American and Caucasian middle school teachers as a 
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foundation to examine the inherent meaning of “culturally relevant science pedagogy.” The 

implications from this study suggested a need for negotiation of “how and why science education 

should be taught, as opposed to a set of fixed practices that are developed and implemented” 

(Goldston & Nichols, 2009). The authors suggested that in the space of professional learning 

communities (PLCs), teachers could begin to question the nature of science and the inherent 

inequities, thus orchestrating inclusive pedagogical practices for science learners in the 

classroom (Goldston & Nichols, 2009). 

 Expanding on these ideas, critiques from an African American teacher in the form of 

“Black feminism,” can also be included to identify sources of support and barriers to teaching 

science. Conversations conveying insights from the perspective of all teachers’ standpoints as 

they question the pedagogical practices relevant to science learners would be useful. The idea of 

a PLC that is designed as a space to discuss the feminist perspective of science could redefine the 

NOS relevant to individualistic needs of the learners, as opposed to a “one size fits all” NOS 

currently represented by the national NGSS or state programs like, ALCOS. 

 As teachers become more aware of the varying perceptions of the NOS and work together 

to critique it in the space of the PLC, the more aware they will become of the pedagogical 

implications as they teach in their classrooms. Their classrooms could become spaces for 

dismantling the traditional ideas of the NOS and spaces to challenge what the NOS is to 

individual student learners. The classroom could then become an optimal space for participation 

by diverse learners. 

Transformative Research Methodology 

 I have to admit, I find it difficult to conclude this work, for how can one truly conclude a 

study grounded transformative research methodologies? In doing so, I would be saying that I 
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have found an answer to issues plaguing girls as knowers of science. I have not. Yet, at the same 

time, I recognize that from my study has arisen a powerful contribution that originated in a 

question on agency posed during my defense and summarized in Alberto Rodriguez’s (1998) 

editorial, What is (Should Be) the Researcher’s Role in Terms of Agency: A Question for the 21st 

Century. In his editorial, Rodriguez questions the power of the researcher to choose to be an 

agent of change in the lives of those who are marginalized. Seminal studies with girls in science 

came to the forefront as Rodriguez critiqued the works of Roth and McGinnis (1998), as well as 

those of Angela Calabrese Barton (1998), whom I cited multiple times in this dissertation. 

Through the examples drawn from each of these studies, Rodriguez reminds us that we must all 

be careful as we research the marginalized. He sums up his argument stating: 

 I believe that for far too long the lives of marginalized Others have become the 
canvas onto which we paint our colorful fictions; peer-reviewed fictions, which 
have mostly turned out to be for our own benefit and for the benefit of the 
research community from which we sprang. (Rodriguez, 1998, pp. 964-965) 

 
 Was this study for my benefit or the girls? It is a question that I have explored and will 

continue to explore. While I feel that I tried to continually honor the voices and agency of each 

participant, I became aware through this process that I did not consistently “interrogate, the 

positions of privilege inherent to the work [I did]” (Rodriguez, 1998, p. 965). Instead, I 

“truncated” voices and agency at times along the way (Rodriguez, 1998, p. 964), inferring the 

voice of another through my own pathways of agency, for example, with Kit Kat. Now, in 

hindsight, I am left to question whether my research had a transformative impact in all the ways I 

thought it might. Yet, I realized that at the heart of this study was the attempt to keep the matters 

of privilege and power at the forefront of this transformative study (Mertens, 2007) and thus 

honor the bridge, tensions inherent to that bridge, and the agency and voice that each girl brings 

to traverse it in their own ways.  
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 Agency and voice for girls in science makes sense. We need to listen to girls (and to all 

students) to respect their knowing. I learned much from these girls as I listened to their critiques 

of science. For instance, I had never before heard of the “Rube Goldberg Machine,” which is 

something that Kermit mentioned. After researching this, I realized that she had hit the mark. 

The Rube Goldberg Machine is a tool that is purposefully over-engineered to perform a simple 

task (i.e., complicating the simple). This is a perfect analogy for classroom science teaching and 

learning bridge ways, designed to push standards and assessment practices envisioned to bring 

students into a prescriptive science, regardless of whether it makes sense to them or not. It is 

possible to use school science standards as a meditational tool for engaging teachers and learners 

in relevant science; we just need to find better ways to enable these practices. The commitment 

to offer up science education via the myriad transformational practices must come from the 

teacher. Teachers must explore a transformative pedagogy by first examining what an inclusive, 

feminist science means for them and their students, and then creating classroom spaces that 

honor an inclusive science. Standards also need to be viewed in terms of their relevancy. The 

girls showed me that they are all generally on the same page. That is, as they worked through the 

Girl Scout activities, the world around them became geoscience. As middle school-aged girls, 

they have limited experiences to connect with the formal concepts and practices of geoscience, 

so they certainly require guidance. As seen in this study, they tend to generalize geoscience as 

broad portrayals of nature, but the world around them is an object lesson full of science. Part of 

the job of the teacher is to open those lessons to them in ways meaningful. 
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Concluding Remarks 

Being Open to Transformative Possibilities 

 The key to this study is the premise that science should be objective, and that objectivity 

should be grounded in the critical evaluation of science (Harding, 1991). Critical evaluation 

should be grounded in the life experiences of the evaluator since life experiences lead to the 

questions that are asked. In this way, a feminist science is one in which women are considered, in 

which their voices are included, and their agency is appreciated.  

 The process of conducting research with young women led me to consider a research 

methodology that honors the fine tensions, particularly those that are hard to recognize, that 

could contribute to their bridge destruction. Developing a set of practices that will always result 

in transformation is an improbability. The pursuit of that development would undermine the 

“practicing” nature of transformative research. Instead, for a researcher to engage in a 

transformative work requires a keen sense of awareness and adaptability. Just as these conditions 

are requisite for transformative research endeavors, this is also the case for engaging in 

transformative pedagogy. Transformative pedagogy and research inherently ask the 

practitioner/researcher to be continually aware of where they are and aware of what resources are 

available (i.e., tools and social community). Transformative teaching, learning and research is an 

ongoing practice that gives value to taking time to seeing where we are and embracing the 

myriad passageways we may traverse. Nothing is fixed in time, or is there an ideal topographic 

lifeway, which we can all assume is the “right” way. While this study points out possible 

troubling points of trajectory, there is nonetheless hope and possibility all around us. 
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  At the same time, we need to be aware and remain vigilant in recognizing that things that 

seem small, subtle, and inconsequential could stand as an event, strengthening a girls’ resolve to 

be agential as a scientist, professional, or otherwise.  
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CLES Survey 
 

 

Directions 

This questionnaire asks you to describe important aspects of the science classroom, which you are 
in at school right now. 

There are no right or wrong answers. This is not a test and your answers will not affect your 
assessment. Your opinion is what is wanted. Your answers will enable me to improve future science 
classes that I will teach. 

Please fill in the circle that best answers each question. 

Thank you very much for your kind assistance. 

-- Heather Renz 

Learning about the world 

In my science class... 
Almost 
Never Seldom Sometimes Often 

Almost 
Always   

1 I learn about the world outside of school.       

2 my new learning starts with problems about the 
world outside of school.       

3 I learn how science can be part of my out-of-
school life.       

4 I get a better understanding of the world outside 
of school.       

5 I learn interesting things about the world outside 
of school.       

  

Learning about science 

In my science class... 
Almost 
Never Seldom Sometimes Often 

Almost 
Always   

6 I learn that science has changed over time.       

7 I learn that science is influenced by people's 
values and opinions.       

8 I learn about the different sciences used by 
people in other cultures.       

9 I learn that modern science is different from 
the science of long ago.       

10 I learn that science involves inventing 
theories.       

  

CODE%NAME:__________________________________%

Page%1%
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Learning to speak out 

In my science class... 
Almost 
Never 

Seldom Sometimes Often Almost 
Always   

11 it's OK for me to ask the teacher "why do I 
have to learn this?"       

12 it's OK for me to question the way I'm being 
taught.       

13 it's OK for me to complain about activities that 
are confusing.       

14 it's OK for me to complain about anything that 
prevents me from learning.       

15 it's OK for me to express my opinion.       

  

Learning to learn 

In my science class... 
Almost 
Never 

Seldom Sometimes Often Almost 
Always   

16 I help the teacher to plan what I'm going to 
learn.       

17 I help the teacher to decide how well I am 
learning.       

18 I help the teacher to decide which activities 
are best for me.       

19 I help the teacher to decide how much time I 
spend on activities.       

20 I help the teacher to decide which activities I 
do.       

 Learning to communicate 

In my science class... 
Almost 
Never 

Seldom Sometimes Often Almost 
Always   

21 I get the chance to talk to other students.       

22 I talk with other students about how to solve 
problems.       

23 I explain my ideas to other students.       

24 I ask other students to explain their ideas.       

25 Other students listen carefully to my ideas.       

  

CODE%NAME:__________________________________%

Page%2%
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Draw-A-Scientist Test (DAST) Rating Rubric* 

       Total Drawings Received ______________________ 
   

       
How many drawings 

included the following… Tally Marks Total # of Tally 
Marks 

% of 
Drawings 
with this 
Indicator 

PERSONAL CHARACTERISTICS 
Laboratory coat       

Eyeglasses       
Facial hair       

Pencils/pens in pocket       
Unkempt appearance       

SYMBOLS OF RESEARCH 
Test tubes       

Flasks       
Microscopes       

Bunsen burner       
Experimental animals       

Other       
Please list "other" symbols 
of research       

SYMBOLS OF KNOWLEDGE 

Books        
Filing cabinet       

Other        
Please list "other" symbols 
of research       

SIGNS OF TECHNOLOGY (PRODUCTS OF SCIENCE) 

Solutions in glassware       
Machines       

Other       
Please list "other" symbols 
of research       
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WOMEN OR MEN? 

Men       
Women       

Does not say       
RACE/ETHNICITY OF SCIENTIST 

Caucasian/White       
African-American, 
Hispanic, Native American       
Asian or Asian American       

Race not disclosed       

       Character of the overall appearance of the scientist. Is any characteristic represented in 
the drawing… 
Eccentric - Wild hair; clashing, unfashionable clothing; unkempt appearance; bloodshot eyes; 
bad complexion; antisocial (nerdy) character(s) 
Sinister - Violent explosions; evil facial expressions; animals crying or yelping for help; 
Frankenstein's monster-type characters; captions with violent language 
Neutral - Not necessarily positive or negative. 

   Positive - Depicts the scientist in a non-traditional 
setting or using unusual or outdoor lab equipment.    
 
Note: A drawing may have any of or more than one of these characteristics. 

  
       

How many drawings 
included the following… Tally Marks Total # of Tally 

Marks 

% of 
Drawings 
with this 
Indicator 

Eccentric       
Sinister       

Neutral       
Positive       

                                                         
     *Adapted from The East Carolina University WISE Program (2005). Retrieved from 

http://www.ecu.edu/ncspacegrant/docs/RESTEPdocs/DASTRatingRubric.pdf 
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Directions for Backpack Journalism Activity  
 
Purpose: This is the chance for you to find geoscience in this park. Use the photos you take and 
your notebook to document what you believe geoscience is and what it means to you to be a 
geoscientist. Take time to focus on your descriptions. Your replies will help me to better 
understand your perspectives on science!! 
 
Part I.  
 
What to do: 

4. Take pictures of geoscience here in the Arboretum. Take your time. Take as many or as 
few pictures as you want! 

 
5. After you take a picture, describe it in your notebook. Talk about:  

a. WHAT is the subject in your photo? 
b. WHY did you choose the subject in your photo? 
c. HOW does the subject in your photo relate to geoscience? 

 
6. Take one final photo depicting the emotion you felt doing this activity. Did it make you 

happy, angry, bored, etc.?  Find something in the Arboretum that depicts the emotion you 
feel and photograph it. Write about this in your notebook using the questions in #2.  

 
Part II. 
 
Photoessay, What to Do: 

1. During our next meeting, we will work on putting a presentation about what geoscience 
means to you. You can design this presentation using any program you feel comfortable 
with. You should use your own photos. You can use captions to explain them, or tell us 
about the photos as you present. It is totally up to you. You can use music; video clips or 
any other media that you feel might help you best explain the meaning of geoscience 
through your photoessay. It’s your story! 

 
2. In early-November, you will have the opportunity to share your story with the group if 

you decide you want to.  
 

3. Write about the Backpack Journalism activity in your journal. How did it make you 
feel? Did you like it/not like it? Why or why not? 
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Data Submitted by Each Participant 
 

Code Name DAST 
Pre 

DAST 
Post 

Backpack 
Journalism 

Presentation 

CLES Autobiography 

Troop 1      
Rue X X X X X 
Kanga X X X X X 
Rumbelle X X  X X 
JJ Universe X X  X X 
Pigglet X X X X X 
Tigger X X X X X 
Kermit X X X X X 
Fruit Loops X X X X X 
Bobbie's Fries X X X X X 
Peaches X X  X X 
Dauntless X X X X X 
Cupcakes X X X X X 
Mota X  X X X 
Stampy X X X X X 
Oncer X   X X 

Troop 2      
Dancing Piggy X X X X X 
Hot Fry X   X X 
Kit Kat X X X X X 
Marianna X X X X X 
Sapphire X X X X X 
Froggy X   X X 
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Person as an Instrument Statement 

 

Life experience is a key factor, which tends to define who we become. The way we are 

raised, the way we treat others and the way we ourselves are treated tend to define us, yet 

without a clear indication that definition of our character is even taking place. This is true of me. 

I lived approximately 30 years of life before truly taking time to truly evaluate who I had 

become, and why. I let my experiences define me without taking time to reflect and really did 

not understand my identity. 

The following story is my story. It is a story of ups and downs. Very often my story is 

defined by the simple fact that I am a female. In so being, I do not fit the model of knowledge-

bearer in our society, that being the “adult (but not old), white, reasonably affluent (laterally 

middle-class) educated man of status, property and publicly acceptable accomplishments” (Code, 

1991, p. 7). According to Aristotle, Rousseau, Kierkegaard, Nietzsche and others I have a 

purpose but it does not lie in the quest for knowledge and analytics (Code, 1991, pp. 9-10). My 

purpose in this life should be bounded by the constructs imposed by these men, and many like 

them, in an unquestioning manner. All too often, I fell prey to these societal constructs and often 

I did not recognize them until either self-reflection or the outside opinion of a progressive soul 

opened my eyes to the reality of oppression. It was in these moments that I was able to break 

through these often-invisible boundaries to become what I am: mother, wife, teacher, mentor, 

scientist, student…and the list goes on, but I am empowered! 

Childhood 

I want to be an empowered teacher standing before my students helping them to build 

their legacy to pass on to those they meet throughout their days. We can all attest to that teacher 



 

 224 

(maybe more than one for those of us truly blessed), who reached us in a way that spoke a wealth 

of knowledge, wisdom and understanding into our being. The teacher(s) who were empowered. 

For me this occurred in Kindergarten, 3rd grade, 5th grade, and 6th grade (I was one of those 

blessed students). Each of the teachers in these classrooms reached out to all their students in a 

special way. Each of us was special. We each had a voice, and we were allowed to use them. 

Though we were children, the title of “seen but not heard” was never applied in these 

classrooms. I think of this as “voice” as viewed by Maher and Tetreault (1994) when they 

described it as “the awakening of the students’ own responses” (p.18) and the fact that these 

responses were valued. I personally was shown that I had ability and was encouraged at every 

turn, even in the realm of excessive talking where I was repeatedly told I would make a great 

teacher due to the great joy I found in expressing my knowledge (in short, I could not contain my 

excitement)! In each of these classrooms, I spent time trying to understand what these teachers 

were doing and why, and I was allowed to figure out what worked for me in light of their plan 

for the whole class. I volunteered to help out in the classroom, and loved to be involved in the 

lessons. At this point in my education, I could not have chosen a subject to teach, because these 4 

women gave me a great love for all things “school”. I was able to integrate my knowledge of 

each subject into all others. At the time I had no concept of the implications of being able to 

write about science, and the profound effects this would have on me much later in life, but by the 

time I walked out of those elementary school doors in 6th grade graduation, I knew I wanted to be 

a teacher.  

Teenager-dom 

Then junior high school happened. The hormonal changes brought with it height, 

increased athleticism, but also insecurities that affected my self-concept. This combined with the 
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sexist attitudes of certain teachers, threatened to change my perception of self-worth and the 

ability to excel at all levels. This all began in 8th grade algebra and physical science. Both 

teachers, though women were of the opinion that science and math were for males and that girls 

could not succeed on the same level. Females could teach these subjects, but they would never be 

as good as males and certainly did not belong outside the classroom learning environments. I 

know that I felt the effects of their thinking and it changed my perception of success and thus 

discouraged me. Stereotypes play a huge role in student motivation in these subject areas, which 

are considered to be traditionally masculine (Leaper, et al, 2011), so my motivation began to 

wane. These teachers showed their bias in their class conduct when they called on the boys more 

readily. In science, the boys got first choice on the science fair topics because the teacher stated, 

“boys are naturally more drawn to the physics-type projects and she would let them choose those 

to get them out of the way.”  So I was led to believe, as McCrea (2011) so aptly stated that these 

subjects were not “natural” for me as a girl, and I began to accept these social constructs as a 

natural part of my feminine identity. 

It only worsened in 9th grade geometry with a teacher who told me that I had no future in 

anything related to math and that I should just stick with English or foreign languages. The 

liberal arts subjects are viewed as feminine subjects (Leaper et. al, 2011) and I was told I was 

much better suited for them. In fact, when I finished out my 9th grade year and moved on to 10th 

grade, my mother and I visited my new math teacher during open house, only to be told by her 

that she had spoken with my geometry teacher and they were both of the opinion that I would 

never succeed in Algebra II/Trig and should change to a lower math. We were both floored, and 

I was scared. “[A]n implication of the transfer of negative math attitudes from parents and 

teachers to girls is that this transfer can put girls at risk for self-as-source stereotype threats” 
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(Shapiro and Williams, 2012, p. 179). I wanted to quit and choose the easy way out but my 

mother said, “NO! You can do it, and you will!”  I had no choice!  Within a three-year period, 

my self-concept had been remolded, from a child who could be successful at ANYTHING, to a 

teenager, who should stick with sports, Foreign Languages, English and Language Arts, because 

I was not cut out for math, and science. Thank goodness, my mother stood as a constant reminder 

to break out of the box that they had tried to build around me or I would have fallen victim to 

their self-fulfilling prophecy.  

I learned a great deal in these years of adversity, not because I chose to, but I was forced 

to. The interesting thing is that all of life can be used for learning, if we choose to view it as 

such. I learned that not everyone in this world had my best interest at heart, and that if I ever 

stepped foot into a classroom to teach that I would NEVER label a student before I got to know 

him or her. It also introduced a concept to me that I have just recently fully realized; you have to 

know your students, because every student can learn, if you know how to reach them. My 

Algebra II/Trig teacher did not know me. She did not understand the drive that her lack of faith 

instilled in me. She boxed me in based on a previous teachers’ opinion, and during the first 

quarter I got an ‘F’. It was not until my mother pointed out to me that I could be anyone I wanted 

to be, and I was letting Ms. Smith (pseudonym) win. With the few words my mother spoke, she 

lit the fuse to ignite the dynamite within me. I finished that year with an ‘A’ each quarter, went 

on to success in Pre-calculus and Calculus. I found what worked for each of those classes and 

was successful and now in hindsight, I see now how this trial formed me into who I am now. My 

mother gave me the space and the support to reinforce my self-agency. This became my 

‘jumping off point’ for understanding girls in science and mathematics and a point that in 
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hindsight, I realize, became an important marker for my own understanding of valuing voice, 

self-perception and agency for each girl navigating the bridges of science and mathematics.  

Today, I see through the lens of my adversity that nothing has really changed for many 

young women coming through school today. They hit a barrier in middle school and they have 

no one to stand as an advocate for them, helping them strengthen their own self-perceptions and 

voice of advocacy in order to navigate those bridges. Their self-concept in science and math 

renders them virtually helpless in the face of the advanced curricula, new standards and 

standardized testing that awaits them in each course. I was that young woman once, but I had 

help to overcome. I could be that help for others. The question then was how do I do this? 

University – The First Visit 

I entered the university with the drive to be a teacher who could help change the course 

for all students but especially girls in science, but encountered an unlikely roadblock from day 

one. I had graduated in the top 15% of my high school class, but had not done well enough to 

earn a scholarship like so many of my classmates ahead of me. My father had planned ahead, and 

had the money to pay for my schooling, with one small catch; I could not get a degree in 

Education. At 18 years of age, with no income, and no hopes of earning an income, this news 

resulted in a total shift of priorities in my life, and necessity led me to do what I had to. My 

father unwittingly made me choose a path in pure science, along with the help of one very 

special professor! 

 I took Geology 101 with Dr. William Burleigh Harris, and he showed me a new world of 

science, one that I had never experienced before. Girls can be successful in the science classroom 

if they are given models that understand what being successful in science careers is (Milgram, 

2011). Dr. Harris stood in as that role model for me. He showed me that geology was the greatest 
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puzzle ever contrived and that I could play a role in putting those pieces together. I could use my 

skills in a multitude of ways. I was hooked. I took the options I was given and changed course. I 

learned all I could about geology, the physics behind the Earth’s processes and walked out of 

college with a Bachelor of Science in Geology and an invitation to the University of Alabama to 

be a graduate student in the Department of Geological Sciences. With this invitation, I was 

offered the opportunity to teach in the Geology 101 Labs as a teaching assistant. This was the 

first time that the classroom became my own. Despite the structured syllabus that I had not 

designed, I was able to work with students, and invent ways to help them access the information 

that I was trying to share with them. I was also blessed to have Dr. Gary Hooks as an advisor. He 

was a teacher’s-teacher. He added so much insight to the way that I conducted my teaching, by 

helping me explore ways to reach every student, again through modeling (Milgram, 2011). His 

years of experience (he was 73 at that time), and understanding were invaluable in teaching me 

that different students learn in different ways. For instance, some were successful with the hands-

on learning of rock/mineral identities, while others struggled. Some of those same struggling 

students had success with earthquakes when they were allowed to use models that depicted heat 

and pressure associated with tectonic movement. Some appreciated kinesthetic applications to 

defining faults. He taught me an array of ways to help my students connect with the concepts and 

I trusted his judgment. He allowed each of the teaching assistants to test various approaches, and 

used those that helped the students learn. We spent our time in our teaching assistant meetings 

discussing the ways we were able to help the students connect. We were quite successful!! 

The Real World 

In the years that followed my educational experiences, I never found a way to take this 

into the classroom. Alabama did not offer a certificate in Geology, so there was no program in 
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education for me. So, I decided my best option was to go into the industry. I interviewed with 

Exxon, Mobil, and several coalbed methane companies. Ultimately, I was hired on to work at a 

coalbed methane company in Bessemer. I was a touch naïve, to say the least. I accepted the job 

with a starting salary of $32,000, well under the average pay relative to my degree and 

experience level. According to the American Association of University Women, (AAUW), the 

standard pay difference between men and women at that time should have been around 77% of 

that of my male colleagues, which is bad enough, but I was paid approximately 55% less than the 

other geologists’ (all males) salary despite my advanced degree. That is a 52% pay gap (AAUW 

2013, p. 5). The AAUW states that critics claim this gap is that of personal choice (college 

major, type of job), but they found that 7% of the gap is unexplained (p. 8). There seemed to be a 

sinister force at work and it seemed to be focused on my gender.  

With this, I was introduced, rather harshly, to a woman’s place in a man’s world with this 

cold shower of reality. In all states in the United States and in Washington DC, there is an 

earning gap between males and females, and Alabama is ranked 47 out of 51 (AAUW 2013, p. 

7). I asked around, and found other professional women in the company that had discovered that 

they too were in the same boat as I was. Each of us, with our facts drawn up and ready to present, 

went to our bosses. I am very vocal when I need to be and at my meeting with my boss, I almost 

lost my job. I was not rude but I made claim to my case with facts that could not be refuted. The 

problem was that I thought that I had nowhere to go if my case was not accepted, and my boss 

knew this. There was no advocacy in this company. I had no voice. There is a vulnerability and 

fragility in unequal relationships (Code 1991, p. 184) and my future was at stake. I left there after 

six years, making half of what the male colleague above me was making, him with only 10 years 

more experience than me and only a bachelor’s degree. I took this time as a learning opportunity 
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and I played the system as much as I could, learning while I was there of the injustice that exists 

in the scientific workplace for women. This experience fueled the flame ignited earlier in my life 

to understand not only my journey to science, but other girls’ and women’s journeys as well. 

 

Germany and University II - New Directions 

 It was at this point, that two main things happened in my life that made me reassess my 

direction of becoming. First, I met, fell in love with and married a German man, Juergen Renz. 

Not only did we marry, but also in that same year we moved to Germany. Nothing opened my 

eyes to how spoiled I was as an American. I met many who remembered their homes being 

bombed in World War II. Juergen’s grandmother recalled eating rotting food, because it was all 

that they had. Women in our village, worked the fields, raised the family and cared for the home 

in the absence of husbands, many of whom never returned home. The role of the German woman 

was a role of working to help her family survive and this has been instilled in the subsequent 

generations. I reflected on my life and realized I was a spoiled child grown into a lazy adult, 

given too much, while being far from grateful. 

 For the next six years, I thought that my passion for the girls/women navigating the 

bridges of science had been misplaced. I had few options in the German workforce with my 

degree in Geology. I was, however, able to capitalize on my English language skills through 

tutoring students and teaching English at an engineering company. I loved the opportunity to 

teach again, even if it was English grammar and literature. I gained experience, once again, in 

finding ways to make things “click” for the people I was working with. I had the luxury of 

getting to spend one-on-one time with these colleagues, and truly get to know them. I found that 

letting them talk about themselves helped them identify with the English vocabulary in a way 



 

 231 

that was memorable to them. I became the model that Dr. Harris and Dr. Hooks had been for me, 

and modeled the English that they needed in this learning environment (Milgram, 2011). Though 

I was not an English teacher, but I found ways to enrich their conversational and writing skills 

and in the end, I learned more than they did! 

This was not the direction I wanted to go, however. I love science. I only like English. 

My passion was indeed a bit misplaced. I had spent six years trying to find ways to teach but 

science was not an option for me in Germany. In fact, I would have had to go to University in 

Germany for 5 years to teach in their schools. This was further hindered by the fact that I did not 

know the technical terminology in Geology in fluent German to be able to lecture in the 

University or Volkhochschule and I did not have a teaching certificate, or a way to obtain one for 

the US Military schools in a nearby city. All of these frustrating roadblocks were demolished the 

day that my husband informed me that we were heading back to Alabama again. I made contact 

the very next day with Dr. Kathy Wetzel to get the ball rolling.  

Dr. Wetzel in a divine move, introduced me to Dr. Sherry Nichols who became an 

advocate for me in light of my very non-traditional educational route to be accepted into the 

department of Curriculum and Instruction as a Doctoral student, and because of her advocacy, I 

sit here today absorbing new ideas, expanding on old ones, invigorating a refocused passion, 

changing and growing by leaps and bounds. This time in my life, I have to say, is the first time I 

have experienced professional development in the ‘usual sense’ defined by sitting with other 

teachers, bouncing ideas off of one another and learning from each other, but my life has been 

filled with events along the way that if they had not occurred as they did, I would not be where I 

currently am. 
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 Through my doctoral studies I was forced to confront issues that are not “southern” to 

discuss. I faced social and cultural issues such as race, sexuality and gender. Without a doubt it 

opened my eyes. Only through this program was I able to reassess my life’s intersections with 

these issues and one specific issue popped to the forefront based on a situation I encountered in 

Junior High School, and that is gender issues. As I chose to explore my past experiences a 

specific set of events came to mind that engendered a battle in the realm of feminism that I never 

before had recognized. The lens of standpoint theory in the realm of science classroom learning 

environments began to emerge at the forefront of my quest to understand the sociocultural 

structures in place that tended to define my course, and still influence girls’ directions in science 

today. Thus was born my doctoral study, “Exploring Girls’ Self-Perceptions as Geoscientists 

Using a Feminist Standpoint Lens and Transformative Mixed Methods.” 

Discussion 

I still cannot be regarded as a classroom teacher in the truest sense of the word. I am still 

considered novice and pre-service. While I believe that every child can succeed, my heart lies 

with young girls and the intersection they approach where their love of science meets the cruel 

reality of a male-dominated discipline. That crossroad for me came on the horizon during middle 

school and that is where I hope to head off their potential disillusionment. I know that I am only 

one person, and I can only reach out to the girls in my classroom, but my hope is to help them 

ignite their passion for science with such ferocity that they build their bridges and navigate their 

paths with grace, wisdom and the self-advocacy needed—early in their trajectories—and have 

more self-assurance than I had, in order to follow their dreams. I want to be their advocate, so 

that they have an ally when someone tries to weaken their bridge through discouragement. Then 

they can spread it to others, if that is the road they choose. I want to be the teacher for them that 
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my elementary school teachers were for me, but at a juncture in their lives where their 

insecurities are greater and they need the support of a woman who is a scientist. 

It is also my desire to raise awareness of my colleagues to the plight of young girls in 

science. In this way, I want to become a source of understanding for others, stemming from my 

own personal experience, helping others to see the world from another’s point of view. We have 

to try to understand one another if we are going to bring about this change. Yet, I think it is very 

important from the outset that those that read my works understand one very important thing. My 

desire in doing this study about science is to help girls and to inform me as a teacher. Nothing 

more. I think that young women have potential that often is squelched by cultural norms that 

they are “supposed” to follow. I am not trying to push a feminist agenda, but rather to open the 

lines of communication through recognition of culturally defined niches that define a person’s 

place in our society, a society that Lorraine Code (1991) defines as patriarchal from its inception. 

My endeavor in this study was to honestly portray the barriers or lack thereof that my 

participants identified in their journey through science in school. I wanted to understand, so I 

could help, because that is what a teacher is in my opinion, a helper, a guide to learning. I know 

that above all, integrity has reigned to supply suggestions for changes in approaching learning in 

our science classrooms. My hope is that we can all work together to make a difference, not only 

in the life of each young woman that passes through our classroom doors, but her male 

classmates as well. Hopefully we can bring about lasting change in science, making it truly a 

discipline for all! 
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