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Urban girls’ merging science practices

Abstract

Middle school is a crucial time for girls in making decisions about how or if they want to follow science trajectories. Middle school is a time when girls’ peer relationships expand, when attitudes towards and confidence in science wanes, and when choices for peer groups, self-selected mentors, school grades and after school programs play  a pivotal role in the high school trajectories they pursue and in the support they seek to become and remain engaged in science. The research reported on in this manuscript, which is grounded in ethnographic case study, seeks to uncover the practices that 6th grade girls who attend a high poverty urban middle school use to bridge their social worlds with the worlds of school science in purposeful and active ways. By reporting on four practices in particular (making a product, making new rules, playing with identities, and aligning oneself) we examine the importance of these practices in how and why girls merge their social worlds with the worlds of school science, the unsanctioned resources and identities they take up to enact these practices, and the role these practices play in changing the figured worlds of the science classroom in ways that support their engagement in science.  We conclude by offering a model for explaining and uncovering these “merging practices” in the everyday worlds of school science.

Introduction

During a unit on “How does nature provides us with food?”, the students in Mr. M’s middle school life science class were learning about decomposition, nutrient recycling, and organic matter. As part of this unit, the students made a class compost box as part of the larger investigation into “how nature provides us with food”. On the day when Mr. M. brought the  red wiggler worms to class for the compost, he carefully constructed his lesson plan and management approaches to foster student participation while also minimizing the number of disruptions he anticipated live worms in his classroom would generate. For example, he had the students draw up a “sense chart”, which is a box with space for the five senses that they were to use to fill in their observations of the live worms before they were placed in the compost, a heuristic used frequently across the school year. Finally, he made it clear in only a way that Mr. M. could, that the students could not roam the classroom, yell, throw, or in any way disrespect the worms, or the activity would end. This was typical of Mr. M.  While a very hands-on teacher, he was also a rather strict disciplinarian. In fact, his management abilities were the envy of the entire school. He had real ability to keep student excitement up, while keeping students in their seats and on task. He was generally highly successful in his management techniques. He also prided himself on this as well. He was especially particular during this lesson because another class had made the compost bin just before and it was rather chaotic with everyone walking around.

It is primarily for these reasons that the “worm poop” incident stood out for us. After distributing the worms, Mr. M’s class erupted into the expected excited murmurings and disgusted groans. A quick look around the room showed that the vast majority of students took up the activity with enthusiasm. Students were picking up the worms, urging them to move on their tables or in their hands. Some students were commenting on how disgusting worms are, while others excitedly tried to figure out which end of the worm was which. All the while, the students by and large talked with each other about their worm observations –  “the pointed part, it’s the head I think” – and recorded responses on their sense charts.

In the middle of all of this, Amelia, a student known early on in the school year as somewhat of a trouble maker and not necessarily a great science student, was handling a worm that defecated with the excrement falling onto her note book. After realizing what had happened, Amelia appeared both disgusted and proud, and shouted loudly to everyone who would listen: “Look! The worm pooped in my notebook! The worm pooped in my notebook!”. She then left her seat with her notebook and ran towards the teacher who was standing at another table to show him the specimen. She shouted loudly to him, “Mr. M, look the worm pooped in my notebook!!!”. She called to him for a few times before he gave her his attention and said “Good Amelia, you are the only one with worm poop on your notebook. Circle it and write worm poop next to it”. She circled the specimen with loud groans and ewws, all the while calling to her classmates to come look at her worm poop. She then got up out of her again to circle around the room proudly showing her worm poop to each of the groups in class while simultaneously socializing, all the while being supported by her teacher in doing so. Later, during the whole class discussion of the worm observations, Amelia, who at this point in the school year, engaged infrequently in science-related conversation, was highly engaged in the whole class discussion of the worms, in part because Mr. M. repeatedly made reference to her worm poop as “nature’s way of recycling nutrients”, a direct connection to the aim of the lesson. 

Our attention is called to this event first because Amelia is deeply engaged in making sense of worms, and second because her engagement seems to be related not just to the worm observations themselves but in how she is able to negotiate a new kind of participation in class. Not only does Amelia manage to break Mr. M’s participation rules successfully, instead of getting in trouble, which would be a typical outcome in this particular learning space, she is encouraged by the teacher and guided in extending her thinking. Further, when Amelia further breaks from the established classroom rules by walking around the classroom socializing while also showing off “her worm’s poop”, she still does not get in trouble, and is praised as her contributions later become central to the class’ meaning making conversation. 

In a way, Amelia’s worm poop was a very precious and fortunate commodity because it concretely illustrated many key terms and concepts the teacher wanted to bring across that lesson. Yet, Amelia’s worm poop was also an important commodity because its value, as a science object, enabled Amelia a greater degree of social freedom in the classroom, something that was important to Amelia on a daily basis. While Amelia used the worm excrement to move around the classroom, her conversation with peers easily shifted between the science of worm observations to social matters. In short, Amelia was clearly excited about her worm’s poop and took ownership over it. When recognized by the teacher, Amelia’s ownership over the worm poop served as an entry point for Amelia to more deeply engage the activity as can be seen by her seriousness in discussing her observations later in class that day.

We begin our manuscript with this short vignette because it raises questions for us about how, when, and why girls take up science in school. What are Amelia’s reasons for taking the worm poop around the classroom, and how does she seek support for her actions? In what ways do Amelia’s actions support her engagement in science? In what ways does Amelia draw upon resources and ways of being in the classroom that typically go unsanctioned to further her own sanctioned participation in science? While these questions are particular to Amelia and the worm poop episode, they underscore a set of more general questions, which we take up in this paper:

· How and when do girls appropriate science events to foster a deeper participation in science class in ways that are supportive of who they are and who they want to be? 

· What unsanctioned resources and ways of being do girls take up in science class in support of deeper engagement? 

· How do girls seek to bridge their social worlds with the worlds of school science?

We believe that these questions are important because for too long the discourse in urban science education and gender studies has been missing a framework for how urban girls appropriate, organize, and activate scientific literacy in pursuit of their own lives, as individuals and as members of larger communities. In the effort to answer these questions about how girls purposefully appropriate or co-opt science, we hope to offer such a framework.

We believe that middle school is an especially crucial time to examine how girls, like Amelia, take up science in the classroom in ways that matter to them and allow them to merge their in and out of school identities and resources. After all, middle school is a time when girls’ choices for peer groups, self-selected mentors, school grades, and after-school programs play a pivotal role in the high school trajectories they pursue and in the support they seek to become and remain engaged in science (Adaman et al., 1998; AAUW, 1992, 1995, 1998, 1999; Kleinman, 1998; Lee, 2002; Malcolm, 1997; Orenstein, 1994; Sanders et al., 1995). Middle school is also a time when girls’ attitudes towards science and achievement in science drops precipitously (Atwater et al., 1995). Furthermore, research is needed that moves beyond girls as a homogenous population. Our research is also keenly focused on how cultural, linguistic, and socioeconomic contexts frame girls’ experiences in science, for such contexts influence how and what science practices girls develop, value, and utilize to explain their worlds. Girls are not a homogenous group. The barriers that hamper achievement differ across different populations of girls (Hammrich, 2001). We have chosen to focus our efforts on urban girls who attend high-poverty schools because we are particularly interested in those girls who have been most underrepresented in the sciences and who have received little attention in terms of primary research. Clear understandings in this area will help us to better implement powerful programs and pedagogies for supporting high-poverty urban girls in science. 

Background

Gender and science learning

The past 15 years have given birth to a wealth of research around girls’ achievement in and motivations for participating in science (AAUW, 1992, 1995, 1996, 1998, 1999; Howes, 1998, 2002; Gilbert & Calvert, 2003; Orenstein, 1994; Parker & Lennie, 2002; Reid, 2003; Sadker & Sadker, 1995; Sanders et al, 1995, Sungar & Tekkayer, 2003; Rosser, 1995). This research has provided a detailed portrait of the barriers girls face in their quest to achieve and to express interest in middle school science, and of the kinds of programs that best support girls in overcoming these barriers. The barriers that girls face in engaging with and succeeding in school science range from school and societal attitudes that portray science as masculine and girls as incapable of meeting its challenges to the lack of equity-minded curricula, pedagogical strategies, and professional development tools available to teachers and staff developers.

Research in urban science education in particular shows that girls living in high-poverty urban communities face additional barriers to equitable science education. Middle and elementary schools in high poverty communities tend to be substantially impacted by curricular and pedagogical practices driven by high stakes exams in mathematics and literacy, often leaving little time for science instruction (Tate, 2001). Additionally, in high poverty urban schools in the US, for example, students overwhelmingly lack access to rigorous and high-level science courses, science equipment, appropriate role models, and certified, qualified teachers (Oakes, 1990, 2000). They have fewer opportunities to participate in enrichment science programs. They are more likely to bring to the classroom a set of discursive practices, experiences, and knowledge bases not valued in standard science instruction, and to face teachers who do not know how to connect science to their lives (Brickhouse & Potter, 2001; Calabrese Barton, 1998). Thus, it is understandable that urban girls overwhelmingly choose not to see themselves as scientists or as scientific. 

While we know that many of these barriers can be overcome through the implementation of gender equity programs, curricula and opportunities (i.e., role models, mentors, real-world science experiences, gender-inclusive curricula, access to science and technology rich learning environments, etc.), we also recognize that the science education community still operates with a “black box” understanding of how girls actually use these programs, curricular materials, and opportunities available to them in order to overcome barriers, to be motivated to participate in science, and ultimately to achieve in science and science-related courses and experiences. In other words, while we have a well-documented database describing the barriers preventing girls’ from participating or achieving in science and of the programs intended to remove those barriers, we know very little about what happens “in between.” We need to know how girls activate the resources to which they have access, how they create and employ strategies for success, and how teachers recognize and support these decisions through their pedagogical decisions.

A Science Practices Lens

Students draw upon a diversity of resources to learn science, many of which are not traditionally viewed as scientific (Calabrese Barton, 2003a; Elmesky, 2003; Hogan, 2001; Lee & Fradd, 1998; Moje, Tehani, Carillo & Marx, 2001). While some studies have shown how these nontraditional resources can be used to promote student learning in science (Bouillion & Gomez, 2001; Rivet & Krajcik, 2004, in press; Seiler, 2001), other studies have revealed that many students do not have the skills they need to integrate these nontraditional resources with what is expected at school, and that teachers do not have the knowledge or skills they need to successfully identify students’ nontraditional resources or the ways in which they might be leveraged in support of learning standard science (Calabrese Barton, 2003a, b). 

One way in which to begin to understand how girls leverage their resources towards science learning is through the lens of “practice.”

The idea of practice is grounded in sociocultural perspectives on learning and feminist and sociological perspectives on science. From this standpoint, learning science is an embodied activity. It is not just about what learners know, but also how what they know is part of a larger system of activity, feeling, value, and performance (Brickhouse, 2001; Calabrese Barton & Brickhouse, in press). Situated theories of learning offer a range of perspectives informed by psychology, sociology, and anthropology around the nature of learning (Lave & Wenger, 1991; Perissini et al, 2001).   Taken as a whole, these theories show us how learning is a process in which outcomes and goals are shaped by learners as well as by other historical, political, social, cultural, and physical factors. They challenge conventional explanations about learning as a process by which a learner internalizes knowledge, or where knowledge is “discovered” by the learner, or “transmitted” from one person to another.  These explanations suggest that knowledge and learning are cerebral only, leaving the nature and context of the learner and his/her world unexplored—‘learning as internalization is too easily construed as an unproblematic process of absorbing the given, as a matter of transmission or assimilation’ (Lave & Wenger, 1991: 47).  In short, learning science involves not only learning content but also learning how to participate in scientific or science–related communities. 

Recently, the idea of “science practices” has begun to take on importance because it is one way of understanding science learning as an embodied activity. Common use of the phrase “science practices” tends to focus primarily “skills development”.  However recent research into science practices has advanced our understanding of practice to include how and why the deployment of such skills (or other ways of doing) are situated within a social context. For example, Kelly and his colleagues (Kelly & Greene, 1998; Kelly & Chen, 1999; Kelly, Chen, &Crawford, 1998; Reveles, Cordova, & Kelly, 2004) describe science practices as those disciplinary based practices that are involved in “doing science” and are congruent with three dimensions of scientific literacy: investigative, communicative and epistemic. Practices that fall into these dimensions or categories included explicitly scientific practices like “using instruments” and “understanding scientific ideas” (2004, p. 1138).

Tobin and his colleagues have also taken up the construct of practices but with deeper sociocultural intention (Seiler, Tobin, & Sokolic, 2001; Tobin, Elmesky & Seiler, 2005). In their work, practices have come to mean the act of appropriating forms of action, behavior, or way of doing something in the science classroom. These practices are often enacted in a field without awareness and in accordance with the resources available. 

These two bodies of research are important for they underscore how practices are social activities deeply connected to both content and context. What one is able to do in a setting is dialectically related to what one can access and activate in that setting, and that includes understanding of content or of rules for participation. It also includes the individuals who are present as well as the physical environment. What these studies have not investigated explicitly, however, is how practices are intentioned and the ways in which practices are implicated in identity construction or in creating new spaces for participation in a community of practice.

This is where the field of critical literacy studies and their focus on “literacy practices” has been quite helpful for us (Barton & Hamilton, 2000; Gee, 1996; Moje, 2000; Street, 1984, 2001). Literacy practices describe the ways in which individuals use literacy as a tool (or set of tools) for specific purposes and within specific contexts. In particular, Moje (2000) has documented both what literacy practices urban youth engage in (i.e., written practices such as tagging, graffiti, letters and notes; body practices such as dress and body movement; and oral practices, such as words, accents and plays on language) and their purposes for doing so. 

In critical literacy studies the word practice is used deliberately to foster four key ideas. First, literacy practices straddle individual and social worlds  and exist in the relations between people, within groups and communities (Hamilton, 2000). In other words, practices are active and dynamic contributions from individuals, their social partners, and historical traditions and materials and their transformations. Second, practices are situated and context dependant, and they are related to context, event, and situation, providing broad, diversified understandings of the individual in particular contexts (Cole, 1995, cite). Third, literacy practices are intentioned, in that they contain both structure and meaning, and they are the basis for transformation and change in structure and meaning (Miller, 1995). Finally, literacy practices are tools for engaging in both sanctioned and unsanctioned activities to foster youth’s efforts to claim new spaces, build identities and take positions (Moje, 2000).

Utilizing a critical literacy perspective, we expand the definition of “science practices” to include the intentioned actions that youth engage in that allow them to appropriate science in meaningful ways and toward multiple purposes in support of who they are and who they want to be. This view of science practices includes both what individuals do and the hows and whys such practices are employed. In other words, it is not the actions or activities themselves that make up the practice, it is how and why these practices are employed and the meaning that is made from those actions and performances that matters. For example, this take on practices would uncover not just what activities girls engage in that support them in developing scientific ways of thinking, knowledge and skills but how they transform those activities “on their own terms,” or in other words, in ways compatible with their purposes for participation in the classroom. Using practice in this way underscores how practices are shaped by social rules that regulate access to and interactions with science and who produces, learns and teaches science. This shift in thinking about practices is important for it suggests, for example, that we not only should be cognizant of the resources available to girls but also of how girls understand when and how to make use of these resources. By studying girls’ science practices, we will be able to see how girls make links between what they know and can do, and how they choose to use their knowledge and skills, in order to further their own goals in terms of science engagement.

Methodology

In our research we draw upon ethnographic case studies conducted during the 2004-2005 school year.  A case studies approach was employed because it is well suited to take into account the contextual and relational nature of complex issues and processes (Donmoyer, 1990). Case studies were conducted in order to allow us to (1) explore and describe girls’ science practices, (2) document and describe how girls leverage those science practices to engage meaningfully in science, and (3) document girls’ learning of key science concepts in the two content areas important in middle school: ecology and the body systems.

Research was conducted in two different New York City public middle schools. The first school, The Science School [TSS], is a new small science-focused public school within a larger comprehensive middle school in the south Bronx area of New York City. 45% of the student population is African American and 55% is Hispanic. 90% of the students participate in the school’s free lunch program. Since it has a science focus, each class (except the bilingual class) receives five 45-minute science periods each week. Our collaborating science teacher has five years of teaching experience. The second school, PSW, is a small public middle school located in Manhattan’s Upper West Side that serves grades 6-8. PSW’s student population consists of primarily Hispanic and African American students, with 70% participating in free lunch. Each student receives one semester of science a year. Our partner teacher has been at PSW for 3 years. 

In-depth, year long, case studies were conducted with 13 girls in the two middle schools.  The case study girls were selected purposefully to reflect a range of interests and achievement in science as well as ethnic backgrounds. To construct the case studies, multiple sources of qualitative data were collected.  These included twice a week participant observations (for about 20 weeks in PSW and 30 weeks in TSS), field notes, two individual and group interviews lasting about one hour each per girl, one 45 minute content-based think alouds focused on urban ecology, reflection notes, student artifacts, such as science class journals, projects, papers, and other written work, and out of science class and out of school informal conversations, observations and hanging out. 

Data were analyzed using a grounded theory approach (Glasser & Strauss, 1967; Strauss & Corbin, 1998). Our data was coded by all four authors and discussed at weekly research meetings. If disagreement existed on the meaning or application of codes, we debated differences until consensus was reached  To uncover girls science practices, we based our analytic approach on two threads. First, we studied events where girls were actively appropriating a science activity in ways that supported and enhanced their engagement in science, even when that engagement may have taken forms different than one might typically expect in science class.  Second, we traced the girls participation in science class over time. Using both “science events” and the girls as focal points in our analysis, we were able to trace out patterns in practices that mapped back to girls and their participation in science class, and to specific classroom contexts and pedagogical strategies. In conducting our analysis, we developed three primary coding trees. The first tree develops nuanced understandings of the different kinds of science events we observed in which girls noticeably and purposefully shifted the discourse of the classroom community. The second tree examined closely the kinds of resources accessed and activated by girls as they sought to participate meaningfully in science, with special attention paid to the kinds of resources leveraged (school sanctioned versus non school sanctioned), who leveraged them and to what end, as well as to how girls made these resources public. The third tree looked more closely at what we called a cycle of actions undertaken by the girls we were observing: What they did, how their peers and teacher responded, etc. These three trees were compared to determine if any patterns or trends existed in girls’ participation in science class and produced the findings presented in this manuscript.

Findings

Any discussion of science practices is deeply contextual and nuanced. To present the level of detail necessary to contextualize and substantiate our claims, we have opted to present fewer, more detailed examples which serve as exemplars. To demonstrate that we have a substantial corroborating evidence for each main finding, we also provide, in the appendices, a table which includes each practice, and a brief summary of a larger pool of supporting examples.

Our findings reveal that the girls involved in our investigation had highly sophisticated ways of appropriating or co-opting science that fostered deep participation in science class in ways that supported who they are and who they wanted to be. In particular there were four practices that appeared with great frequency, across girls and across sites, and that appeared to greatly support their personal efforts to participate in science class in ways that bridged their own of school resources/experiences with the goals/experiences of the classroom. These practices include:

· Making a product

· Making new rules with/in science  

· Playing with identity

· Aligning oneself to ease conflict

In what follows we discuss these practices in depth. We offer a discussion of what each practice looks like, the meaning these practices carry for the girls in our study, and how these practices support participation and learning. We then follow the descriptions of these practices with a cross-practice analysis of how they work to support girls in engaging in deep participation in science class in ways that supported who they are and want to be.

Making a product

The girls in our study were frequently observed “making products” that facilitated their participation in the science learning community. The “products” the girls made ranged from intellectual products, such as a song about bones, to physical artifacts, like a rabbit magnet. The products were not assigned or required by the teacher, yet were produced by the girls in ways that connected centrally to assigned tasks. The products also supported the girls’ exploration of content knowledge while also elevating the value of their social worlds. 

The girls made their products by drawing upon a combination of their funds of knowledge resources, which were typically unsanctioned “science” resources (i.e., artistic talent, knowledge of popular culture) along with traditional science classroom resources (i.e., science text book, ideas discussed in class). For example, during one of the concluding lessons on the skeletal system, the students were instructed to make flash cards out of the key terms on the skeletal system. During this lesson, the teacher instructed the students to write the key term on one face of a card and then its definition on the opposite face. Students were to end up with a stack of flash cards that they were to use to prepare for the end of unit test.

Ginny, who is an outgoing and vivacious, hardworking student, in addition to making flashcards, had written the bone song wrote a song about the skeletal system to the melody and lyrics of Mambo #5, that she initially shared with her peers and later with her teacher.

A little bit of cranium on my head

A little bit of mandible on my jaw

A little bit of scapula on my back

A little bit of humerus on this bone

A little bit of radius on the back

A little bit of ulna on the front

A little bit of carpals just like that

A little bit of meta carpals on my hand

A little bit of phalanges on the end

A little bit of tibia on the front

A little bit of fibia on the back

A little bit of torso just like that

A little bit of metatarsals on my foot

A little bit of phalanges on the end

Just wave your phalanges, yeah yeah yeah

Just wave your phalanges, yeah.

A little bit of patella on my knee

A little bit of maxilla beneath my nose

A little bit of clavicle on my shoulder

A little bit of vertebrate on the back of my spine

A little bit of sacrum on my hind

A little bit of pelvis on my hip

A little but of femur on my thigh

A little bit of patella on my knee

Just wave your phalanges yeah yeah yeah

Just wave your phalanges yeah

Ginny was excited about her bone song and voluntarily sang it for us. She was also joined by a few of her girlfriends to whom she had taught the song.  Ginny then, at the coaxing of the researchers and her peers, sang the song to Mr. M. He liked it very much , typed up a copy of it, then posted on the life science board outside the classroom. The bone song ultimately became available as a community resource: the teacher used it across all 5 science sections, and saved it for the next school year.

We believe that Ginny’s bone song is a particularly compelling example of making a product because key terms and flash cards were a ritual practice in her science class. Within each lesson of the unit, there were usually several key terms that were covered in class that students were expected to learn and were eventually tested on. In Mr. M’s class, students were frequently asked to take down the definitions at the start of each class, and they were always highlighted under the key terms section of the blackboard. Mr. M. often encouraged his students to test each other by reading one key term to a friend and having the friend give the definition.
In this narrative, however, Ginny was willing to risk doing something other than flashcards and bringing in a non-scientific resource (pop song) to come up with a unique learning resource, which she eventually shared with the researcher, friends and teacher. Ginny often sung and danced for fun during breaks and informal interviews with the researcher, and this was a strong part of her social identity.  She was able to successfully merge her social, pop culture identity with her science student identity with this product and created learning resource for self and community. She also successful in test, scoring 95%.

In another example, Pat, created a rabbit magnet as part of her Animal Project. Pat was regarded as one of the best science students, who nearly always completed assignments “perfectly” in order to achieve good grades, and who also actively pursued her interests in drama and art. She was currently taking an art class and often talked about how much she enjoyed it, and how she wants to study art or acting in college.

The Animal Project took place between two curricular modules and offered students the opportunity to engage in relatively independent research to learn about an animal of their choice. It was designed, in part, because the animal kingdom was a required topic for the 6th grade, yet wasn’t adequately covered by the curriculum selected for the grade. It was also designed so that students could learn basic print- and internet-based  research skills. For the project, students had to select an animal, research it, and prepare a written report along with a poster summarizing their findings. Their poster was to include a picture or diagram of their animal. 

Pat selected the snow-shoe hare for her animal because it was an animal that different from her peers’ selections, and one with little available classroom information, forcing her to search the internet for her information. When it came time to make her figure for her poster, Pat again decided she wanted to do something different and instead of making a 2-d image for her poster, opted for going outside the assignment requirements to make a three dimensional sculpture of the snow show hare using Styrofoam and cloth, drawing from the skills she learned in art on sculpture building early in the term. When her completed sculpture could not stand on its own, she improvised her model, gluing it to a “refrigerator magnet” she had at home.
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Pat’s magnet was unique in many ways. Not only did she make a model that existed independently of the poster board, she turned her figure into an art activity. When her model did not work to her specifications, she adapted it, giving it functionality at the same time it showed off her creative talent. Furthermore, when it was Pat’s turn to give her “Animal Poster presentation” she elected to focus her presentation around her magnet. Whereas the other students in the class simply talked about the habitat, lifespan, food, etc., of the chosen animal, Pat used the information on her poster to talk about her magnet. Mr. M. took up Pat’s model in the whole class discussion as an example of a model that offered scientific information in a way that was both interesting and useful. He referred to her magnet several times in the class discussion, and placed the magnet on the board at the front of the room, and used it for the remainder of the school year. Mr. M. even told the class that he would use the magnet as an example of what the next batch of 6th graders can do for their animal project – indicating both how important a contribution Pat’s magnet was to the animal project, and indicating to his students how he might value other extensions to activities during the school year. 

Pat, too, was proud of her magnet talked at length about it during the interview on her favorite piece of work several months after the experience: 

P: 
Ok, so my favorite project is the animal research project. Because I really really believe that I went to my potential, because I made a magnet, with my hand, I made a poster board, I wrote a essay, it was, I don’t know, it made me feel really good inside.
R: 
What do you mean it made you feel really good inside? Can you elaborate on that?

P: 
Like, I can’t explain the feeling, but its like a feeling, like you are, like its just lights up a part of you.

R:
Can you tell me why you decided on the snow shoe hare?

P: 
I forgot, Like, some people think it’s a bunny, but its like…well, I wanted to do something that nobody has done, something different, because that’s just how my personality is.  I just want to be myself, so I picked that because it is different.

R:
Ok, what do you like about your project, why did you pick that out of all the work you’ve done?

P: 
Because, the other work, there’s mostly no evidence of .. mostly no evidence that, that I did it, but everybody looks at that (animal) project and they go wow, look at that look at that….

Pat’s artistic self was important to her, and as the transcript above indicates, her success on the project helped boost her confidence and sense of ownership in science. Making a product provided her a space to merge her unsanctioned classroom resources and identities with the world of her classroom in ways that deepened her confidence in science and offered other students potential inroads for doing the same.  Moreover, while the rabbit magnet was a scientific model it was also a functional tool for the classroom as well as a trinket, in the sense that it was a small, delightful object that was also displayed for its charm. This relatively feminine dimension to the model was also fully supported, enabling Pat to have her identities as an artist, a good science student, and a girl were simultaneously affirmed. 

Both the bone song and the rabbit magnet impacted the learning community in the sense that they became part of the classroom discourse as models for other ways to engage in science activities. Unlike Ginny’s bone song which was distributed to all of Mr. M’s sections and used as a learning heuristic across the sixth grade that very year, Pat’s magnet indirectly impacted the class as it was consistently referred to as an example of how students future work could be different. In both cases, their product making shifting authority for how science practice in the classroom is defined, making room for – and indeed elevating the value of – the girls’ unsanctioned identities and resources.

Thus far, we have shown that making a product is important because in these narratives students’ funds of knowledge shape the actual product and the reasons for diverging from the assignment in order to make a product. However, we also believe that making a product is important because in each of these narratives, the practice was built upon each of the girls’ “fluency” with the scientific ideas at hand. This fluency was critical to the conceptualization of the product and to the girls’ abilities to leverage that product within the classroom context.

In returning to the bone example, Ginny used her understanding of skeletal system to turn flash card activity into song writing. As she had to use the tune and rhythm of the song, she had to rephrase some of the definitions, suggesting a facility with the content. In the snow shoe hare example, Pat’s knowledge of the hare was essential to making the magnet realistic and desirable. If we return to the worm poop example, which we presented in the introduction, we can see that while Amelia’s fluency took on a slightly different shape than did Ginny’s or Pat’s. While Pat and Ginny drew deeply upon their knowledge of the science at hand in bridging their funds of knowledge to science class, Amelia, drew more upon her understanding of how her classroom works, to make a valued space for her product (the worm poop), ultimately facilitating her engagement in science, strengthening and deepening her fluency. 

There are several other examples we could present in support of making a product (see Appendix A).  There were narratives where girls made paper puppets, created figures, came up with dances and skits, all of which were tangibles used in support of a science activity, none of which were required of the assigned activity. Some of the products impacted both the individual girl and the entire classroom learning community, as the examples above show. However some products stayed “within” small group activities, directly impacting a small discourse community and only indirectly shaping the larger classroom community. Regardless of where the product was taken up, in each of these cases presented, the girls’ knowledge of science – and how they reflected that knowledge – were fashioned by girls facility with their funds of knowledge, whether it be an interest in art, pop culture or knowledge of social dynamics. This point was consistently true across all of the instances of making a product we detected in our investigation. And we noted that it was the fluency in both the science and their funds of knowledge, which allowed the students to position their products as something useful and desirable in class, attractive to both the goals of the class and their need to fit in.

Making rules

A second practice that girls engaged in was that of creating new or different rules for class participation, which supported them in engaging in new ways of participating in science class, such as creating new expectations for what constitutes working together as a collaborative group, or different ways to interact with the boys in their groups. These new forms of participation fostered their engagement in science by supporting the girls in responding to and in creating a valued or sanctioned space for their own personal academic and social interests and needs (only some of which were sanctioned) while allowing them to attend to the standard expectations of the classroom. In this practice we are only looking at rule making when it appears to be directly related to how girls work to shift when or how a content-based activity gets done, knowing that this also directly impacts the broader social dimensions of class.

For example, Amelia (the student who showcased the worm poop) struggled in science class at the beginning of the school year, in part because she was often reprimanded for her disruptive behaviors. Sometimes, such as when she called out or excitedly moved about the room, it was clear that at the heart of her disruptive behaviors was a desire to participate more directly in science class.  We noted that partway into the fall term, Amelia became more savvy in her participation strategies. In fact, we noted that she developed a repertoire of actions in particular that despite being “against” standard classroom rules, were officially recognized by her teacher and ultimately provided Amelia a way of participating in class as a competent science student
.  Her strategy was three fold. First, she tried to be the first to shoot up her hand, even when she was not sure of the answer. Second, when she wasn’t called on to answer, she purposefully asked the teacher if she could answer the next question, or read the next passage instead of raising her hand and waiting like everyone else. Third, she signaled to the teacher through gestures to let her answer the next question by nodding her head or pointing to the packet and then at herself.

This change in practice was notable because in the beginning of the school year, Amelia was more likely to ignore school rules and come into class chewing gum and without her materials. Yet, because Mr. M. took up her rules for participation, Amelia developed ways of participating in science class that were ultimately sanctioned by the teacher. Over time she became known as someone who was smart and could do science, and her participation and scores in science class vastly improved.  

One of the reasons why we favor viewing this practice as making new rules is that Mr. M’s classroom community is marked by rules. As mentioned earlier, he is a strict disciplinarian, and he is constantly reminding students of the rules which frame participation in his class: “When I hold my hand up, what are you supposed to?” or “I only call on students who have their hands raised.” We mention this not to belittle Mr. M’s teaching – in fact, his clear set of rules have most likely contributed to his well managed class, enabling him to engage his students in a variety of hands-on activities not observed in other classrooms at this school. So, when Amelia and other girls devised different rules for participating and these were acknowledged or sanctioned by Mr. M. it was notable.

Amelia’s rule making shows how the practice of making new rules was enacted towards changing how one is allowed to participate in sanctioned classroom activity, yet it also shows how one is positioned in the space of school science. In another example, we can Jackie create her own rules for how she should participate in group work. Jackie is a hard working, stereotypical “good girl” student who knows and follows the teacher’s rules. She is quiet and never volunteers to answer the teacher’s questions. However, when called upon, she almost always has the correct answer. She does not take charge during group work and is happy to do whatever her group mates suggest.

During the worm observation episode described in the opening vignette, Jackie’s group members were very excited about the worms, touching them and chatting excitedly about them. Jackie, unlike her group members, refused to handle the worms. She pushed her chair away from the table, and proclaimed that “they’re nasty”. The teacher, however, had been reminding the class that they all needed to participate in observing the worms, clearly creating an uncomfortable dilemma for Jackie that could be seen in her body language.  However, she watched her tablemates handle the worms and listened to their comments about the worms (e.g. “cold”, “wet”, “slimy”, “smells like earth”, “3 and a half inches”) and then used their comments to fill in her sense chart. She was the only one at table 3 who was filling in her sense chart based on what the others were describing. At the end of the lesson, when the teacher was conducting a whole class discussion of the students’ findings, Jackie was the only one with a competed sense chart in her group, and she willingly placed her notebook in the middle of the table for her partners to look at so they all could answer the teacher’s questions.

In Jackie’s “silent participation” in the worm observations, she leveraged on good listening skills and attentiveness to fish out the relevant information, and wrote down the descriptors of her group mates to complete her sense chart. While we had hoped that Jackie would touch the worms, we noted that her facility in fashioning these new rules for participating in her group/whole class opened up at least a smaller venue in which to begin to feel comfortable exploring worms. Instead of completely turning away from them, she peered over her group mates hands to confirm the observations she heard. She weighed the different observations she heard and confirmed and recorded only those she felt rigorous enough. Indeed, Jackie is known as one of the smartest girls and hid her desire to not touch the worms by thoroughly taking over the writing for the group. She managed not to compromise on her chosen identity as a quiet student and as someone who found worm “nasty” while still benefiting or not being shut out from this hands-on lesson. She also maintained her position as someone with epistemic authority, which is important because she could have lost it by being viewed as someone not willing to touch the worms. 

Jackie’s rule making in this example is somewhat typical of girls in middle school science, as they struggle to dutifully perform the required tasks of the classroom, while sometimes shying away from activities that seem less feminine. We certainly observed this practice numerous times throughout the course of our study. Yet, this practice is clearly problematic. Jackie may have made up her own rules for participating in the worm activity and even learned quite a bit about the worms themselves, she also managed not to expand her identity in science. A more extreme example of rule making constraining engagement in a larger science trajectory was that of Melanie, a painfully shy student, who one day when called upon simply stated that she “passed.” This was not previously part of the classroom discourse, but Mr. M. accepted it that day, and Melanie continued to pass unproblematically when called upon for several weeks thereafter. This latter point illustrates how practices can serve as tools for greater participation while still constraining movement towards full engagement in the science learning community.

The two previous examples show how girls engaged in rule making the deviated from the spoken rules for participation. In the next example, we see how girls sometimes made rules for participating that deviated from unspoken but highly sanctioned modes of participation. 

In this example, Ginny, the student who wrote bone song, created a set of rules for her small group to follow in order to complete the assignment that examined the relationship between weather and farming patterns. In this assignment, the group members were to complete a worksheet with seven questions focused on farmers and weather. Ginny initiated the group by assigning a sequence for everyone to answer each question, also vocally deciding that that every member had to offer an answer before the group reached a consensus for each question: “Ok, let’s get started. Everybody has to answer the question, first Melanie, then Pat, then me, then Katherine.” While this arrangement resulted in Ginny’s group being the last group to finish the 7 questions (as the other groups followed the standard routine of reliance upon one or two members who offered their opinions), it also resulted in both a sense of group ownership over the knowledge and the emergence of Melanie as a science contributor. What happened was that Ginny was very insistent on keeping to her arrangement and often had to tell Katherine, a more assertive group member, to wait her turn, especially when she (Katherine) interrupted a much quieter student, Melanie.

K: My opinion is that…

G: Wait. You have to wait. I’m explaining to M.

Ginny drew upon her reputation as a smart and caring peers to position herself as the group leader and to foster engagement by the entire group in the group task (rather than only a few members of the group). While this full engagement is most likely what the teacher ideally hoped to have happened, it differs from what typically happens in the groups in this class and in most classes we’ve observed where a few group members participate and the task gets done more quickly. If group members were all given time to speak by Ginny, and the weaker members of the group were also encouraged to participate, even though it slowed the group down. 

Ginny used her leadership as the one in charge of the group rules and dynamics to tend to Melanie, explaining each question, and encouraging Melanie to provide a response. Melanie, as stated earlier, was a painfully shy student who had the reputation of always “passing” when called upon in class. Ginny’s nurturing also led to Melanie “telling stories” to answer the small group questions, stories that she then later shared with the whole class when called upon. We noticed that this experience seemed to “break the ice” for Melanie in Mr. M’s class; she stopped passing and began answering those questions that she could with stories from home. Given that the major unit of investigation at the time was “What happens to food from farm to store” and that Melanie had spent time on her family’s farm in the DR, this opened up new participation spaces for Melanie.
This example thus also illustrates how making new rules supported girls in participating differently in class by fostering a new discourse space in the classroom that gave the girls a way to participate in the sanctioned activity in a way that supported who they are or want to be. 

While some might argue that changing the rules for participation is a school practice rather than a school science practice. However, we see “science” as an integral part of this practice because it involves how one participates in the science learning community, not simply the classroom community; and second, changing the rules often invoked the content, authority, or context of doing science. Indeed, these examples illustrate how success in making new rules was grounded in a fluency across at least three domains. The girls demonstrated a deep and savvy knowledge of spoken and unspoken rules for participation, including those rules for participation that are firm and those that can be negotiated. And, they knew how to upend these normative expectations for participation in ways that allowed their deviance to remain unchallenged and even to become sanctioned to one degree or another. The girls also knew how to drawing upon their funds of knowledge to fashion rules that highlighted their interests and strengths, maintaining their authority/position in class. Girls enacted rules that enabled girls to be viewed as legitimate participants in science activity rather than just classroom activity. Amelia certainly had the teachers’ and peer’s attention with her disruptions but her rule making allowed her disruptions to serve as entry into science participation. Finally, sometimes fluency across these domains was not enough – and the girls had to “prove” their rules by drawing upon the authority of science (i.e., I need to do this for science), or powerful identities valued in the science classroom (nice girl, science girl, smart girl).

Aligning oneself to ease conflict

The next practice we examine is aligning oneself to ease conflict in the science classroom. By conflict, we refer to those instances that transpire in a variety of figured worlds in the science classroom (i.e., whole class, small groups, student pairs) when students act out in ways that disrupts student progress towards successful participation in class. The root of the conflict appears to be less important and may be related to how peers work together, how students value an activity, or understand the science. The more important thing is that a conflict happens which disrupts progress. When girls engage in practices of aligning oneself, they  negotiate conflict by, one the one hand, aligning oneself with the epistemic and/or positional authority in science, while on the other, recasting the activity in which the conflict exists, through personal, and sometimes unsanctioned, classroom resources to do so. This practice seems to have the effect of removing successful participation in the activity away from complying with school sanctioned practices for the other students involved (because the girl has recast the activity in her worldview), while also working to give the activity student-centered authorship or ownership.

Thus, aligning oneself does not mean that these girls simply took on a school sanctioned good girl identity and used to act in ways the teacher expects. Rather, these girls step outside of how the teacher has cast the activity in order to take some risks in how they leverage their resources to recast an activity in order to get their peers back on track. In other words, the narratives in which these practices transpire are significant because they go beyond the surface meaning of a girl “following teacher’s instructions” as good girls have been typified to often do, as opposed to creating their own rules, which have generally been ascribed more to boys.
 In aligning oneself, girls take risks or overcome barriers in order to align with teacher goals and to foster others in aligning with class goals (i.e., contradicting popular students). While the girls illustrated in these episodes have chosen to align themselves with teacher specified instructions and goals, it is not without obstacles and risks that they have done so. In these narratives, it is in the figured worlds of group work (i.e. shared spaces), that the girls have to negotiate for their practice (of delivering what the teacher specified) to be accepted by group members and ultimately represented as the group product. In the process, the girls have had to overcome certain challenges and exercise a significant amount of personal agency in order to achieve their goal.

For instance, the students in Mr. M’s class had been investigating how plants grow, and as part of the investigation planted seeds in cups that they would tend to and observe over the course of several weeks. After the students set up their plant experiments, Mr. M. led the class in a discussion as to the ideal site in the classroom to place the cups, linking the concepts photosynthesis with the seed planting activity. While discussing where the class should place their newly planted seeds in the classroom, Pat suggested that the seed cups should not be placed too near the windows in case the sun “will be like a drought to the seed”. The teacher then tried to link the direction of sun rise and sun set to the position of the classroom windows. When he asked the class for which direction the run rises, Christopher, a boy with a reputation as a “gangster”, told an irrelevant space ship story involving Mars before proclaiming that the sun rises in the West. Nobody wanted to disagree with the class gangster. His suggestion was followed by “yeahs” from various students. The teacher asked the class to show their choice “thumbs up if you agree’. Several thumbs went up. The teacher did not want to come right out and give the answer and waited for the class to respond to Christopher’s suggestion. There was an uncomfortable silence. Nobody seemed to want to contradict Christopher. Then, Ginny spoke up. “I disagree. The sun rises in the east and sets in the west.”

The teacher waited for a response from the class. When Ginny finally spoke up and disagreed with Christopher, the teacher affirmed her answer with an emphatic “Yes!” and then elaborated by explaining that since the classroom faces north-east in orientation, the window sill would not be “like a drought to the seed” as Pat suggested, so it will be alright to leave the seeds by the window to germinate. Ginny was deeply engaged in the classroom discussion. She listened intently and frowned when Christopher suggested that the sun rose in the west and some of her classmates agreed by raising their thumbs. She continued to frown in the silence that ensued, before voicing her opinion. In doing so, she risked her social identity to assert her science student identity, a risk no one else in the class seemed willing to take, with regards to Christopher.

We believed this short narrative to be significant because the silence that followed the positive response to Christopher’s comment was palpable. Christopher is a highly popular boy in the class, and one who holds great social power. Ginny, on the other hand, while smart also worked to maintain her social capital and her identity as someone who was cool while also smart. The class was clearly stalled, and Mr. M. himself was reluctant to directly contradict Christopher. Mr. M. knew he could, and would if necessary, correct Christopher, but understood the cost to the immediate classroom dynamic. Christopher’s actions – his talk, his body language and gestures, his space really –  in the classroom often strongly dictated the classroom culture. Ginny drew upon her positional authority as a popular student and her epistemic authority as a smart science student to make a simple scientific statement, putting the class discussion back on track. 

In another example, Mr. M. assigned groups to complete the “seven ingredients of nature” poster and to prepare to present their poster to the class. In preparation for the assignment, the students were to bring in a picture that showed the seven ingredients of nature. Tricia presented her group of two boys and two girls (including herself) with not one but six drawings she made prior to class, and allowed these pictures to become the group’s resources, making up for the fact that the other group members did not complete the pre-assignment. She then went up to the chalkboard and examined the teacher’s model poster in detail. Tricia then returned to the group and re-instructed them, emphasizing the teacher’s guidelines in how they should complete the poster and using the authority of her knowledge of the assignment and the fact that she brought in six pictures, positioned herself as the group leader. 

The group work got off to a slow start because neither of the boys had brought in their picture nor seemed to care about (or know how to) begin the assignment. Seemingly aware of this dynamic, Tricia assigned the boys the task of writing the title and coloring in pictures of decomposers, to which they both easily agreed and began their work. After these initial tasks were completed, Tricia tried to arrange all of the pictures on the poster, receiving help from Natalie, while the two boys drifted off into conversation. Tricia and Natalie worked diligently to complete the task, allowing the boys to talk but also calling upon them for their input/opinions on the design decisions in the poster. During the second class period devoted to the project, the boys participated waned even more, and instead of engaging in the activity, they began to chat socially amongst themselves and other members of the class, contributing little to the group project. Tricia and Natalie decided to work together in order to write the lines for each of the seven ingredients in preparation for their presentation. As they wrote the lines, they decided to take a more creative turn, and discussed with each other what each ingredient should say as if when presenting they ‘were the ingredients themselves’, with Tricia supplying most of the content bits by referring to the notes in her science log. When they finished the script, Tricia assigned them roles for the presentation. She gave the most difficult role to the boy who contributed the least to force him into contributing to the group. 

In this example, Tricia clearly desired to see her group succeed on the assigned task, yet her group fumbled when the boys disengaged from the task. Tricia, over the course of the two class periods, persistently worked to keep her group  moving forward, despite the boys behaviors. First, she shared her resources and re-explains the group project. Then she assigned tasks and based these assignments of what she knew her peers would most likely agree to (i.e., Jordy likes to draw).  When worried about the group presentation, she wrote a script that allowed the students have a little bit of fun by role playing the seven ingredients of nature, rather than simply presenting their group work. While in the end Tricia was still a bit unhappy with her final group product, her group was commended by the teacher on a job well done, and she managed to “manage” the boys participation without alienating them or even or causing the conflict to escalate. The boys even took up more group work responsibility than they would have if Tricia had just decided with Natalie to get things done on their own, something we often see in co-ed groupings.

We believe this example also shows how girls have also chosen to align themselves in pursuit of content knowledge rather than just good girl school practices (i.e., go beyond the usual good girl practice of having good penmanship and general good behavior (as illustrated in literature on girls). The girls were interested in the science content and not simply meeting course requirements (i.e., being a good student).

We see a similar dynamic playing out in Katherine’s giraffe poster.  Katherine is a good student who does not always excel in science, showing a much greater interest in art and friendships than learning science. For the Save the Animals poster that the students were assigned, Katherine created a poster about giraffes. The exemplar poster that Mr. M. modeled to the students was also one about giraffes. In speaking with Katherine we learned that she thought the exemplar poster was beautifully created and she wanted to model her poster after it. She also expressed an interest in giraffes. What drew our attention was that when Katherine searched through the available magazines and could only find one picture of a giraffe, she became stuck. Instead of switching animals, she decided to draw pictures of a mother and baby giraffe, conducting research on them to ensure their accuracies. Katherine, who is usually a follower in her science class, had convinced her partner this was the best approach, and took over the design of the poster.

In this example, we can see Katherine’s drive to follow, at least initially, the teacher’s directions to a “T” and one could easily mistake her poster as an example of simply doing good school work. Yet in observing her closely and in talking with her about her choices for the project, we can see that when confronted with the lack of science resources to do so, she drew upon her artistic abilities to create an opportunity to further explore giraffes, her chosen animal as well as her desire to create an attractive poster – attractive in the sense that rather than meet the specified demands of the project (i.e., gather photos from magazines), she was interested in making a poster that, put simply, was beautiful. Katherine took ownership over the poster, and as can be seen during the presentation, she positioned herself as the main presenter and her partner was more like an assistant. She took this chance to be the leader of the group. Usually she has to relinquish “power” to a more dominant group member. 
Aligning with content goals supports (further fosters) movement between the girls social worlds and science (i.e., a desire to care, a desire to diffuse tense situations). For example, even in cases of being a good girl model student, girls are engaging in merging practices that allow for movement between their social worlds and the worlds of school science. In the giraffe poster, while following and exceeding the teacher’s directions to a “T”, the girls built on their desire to care about animals and showcase her artistic talent.  In the sunrises while answering the content correctly, Ginny helped both the teacher and Christopher save face and diffuse the situation – this probably gets at her desire to care for others and help to foster community.  

In the case of the seven ingredients of nature, Tricia’s ideas of learning science and doing well in school align with her teacher’s expectations (and probably traditional good girl definitions of schooling). It was clear to us that Tricia has already bought into the model of school science or at least is willing to play the school game to succeed. She also enjoys science as a content area of investigation. For Tricia, then, moving among her social worlds means findings ways to succeed in a setting where lots of students do not care about science, and where being seen as caring about school and science can quickly labeled a student as a nerd, as acting white, or even worse. Yet despite Tricia’s persistence in orchestrating her group to align with the teacher’s expectations, despite the great resistance put up by the boys, this labeling does not happen to Tricia. She knew how to engage the boys, thereby bridging the social world of her classroom with the world of being successful in school and her own school supported identity. 
In short, aligning oneself to ease conflict was an important practice because it involves girls taking up risky positions and often times hidden resources to push their peers along a science trajectory, something students often resist in urban classrooms.

Playing with Identities

One of the most common practices we identified was when girls purposefully and playfully took up new and distinct identities than were typical of them in science class in order to build epistemic or positional authority while maintaining important social relationships. We have labeled this practice as “playing” with identity because in nearly all of the instances were we noted girls taking up novel identities, there was a degree of lightheartedness that was attached to the trying on of the new identity. The lightheartedness was associated more with the girls wanting to have some fun, to establish stronger peer relationships while taking up science, and to reduce the risk of taking up science rather than a lack of seriousness in why or how they wanted to take up a new or unsanctioned identity or science itself. We also noted that while these identities did not neatly fit into who the girls were in science class, they were not necessarily disconnected from the girls “whole selves”.  They often reflected dimensions of the girls’ lives that were active outside the boundaries of science class.

Take, for example, the case of Tricia and Pat’s Save the Animals Poster presentation.  During the actual presentation, the girls began with a rhetorical question, “What you do affects the environment. Pollution, oil spills, forest fires affect us all.  But as long as it’s not affecting you, it’s ok, right?” then once the class yelled out “right” the girls, playfully but forcefully responded with “NO. WRONG. Animals each year, each month, each week, each day are being killed. Everything we do affects the environment!”. Each girl, then went on to explain why this was the case. For example, Pat said:

What you do is important to our environment. You’re so happy with your life aren’t you, so happy. Buying snake skin jackets, hamburgers, all these things are everything you want. But have you ever asked yourself where these things come from? From nature! You do this, burn down the trees to fit your needs, have you ever said that you care about the environment? This bird never did anything to you, so why do you pollute its air, food, sky, everything. Stop polluting the air and things will get better. Stop buying snake-skin jackets, hamburgers and you will live much better. Save the environment.”

The girls ended by reciting their final points together, in rhythm, in a way that could have been taken for a rap - “You cut down trees to meet your needs”. At the end, the class erupted into applause at the end of their presentation and the teacher heaped high praise on the girls, saying,  “It’s so great we’re a little in shock.” When he asked the audience for what they liked about the presentation and one of the boys known for being disruptive and inattentive was called to answer, he responded with “everything, I don’t know what to say”. 

Pat and Tricia are both respected as smart, on-task students, and both cared a great deal about getting good grades. Presenting one’s work in science class, however, often positions students as having to make that aspect of their classroom identities public, putting them at risk for being labeled as a nerd, or even worse, acting white. Yet, Pat and Tricia used their rhetorical skill to play out an identity that positioned them as smart and scientific, yet still cool and playful.

As the example above illustrates, we believe that playing with identity support girls in engaging more deeply in science content or in the classroom activity in ways that either reduced risk-taking or bolstered their position in class. The girls use the practice of playing with identity to support content exploration but also to support forms of personal engagement in the classroom that are not typical for the student such as appearing to be an expert, being more vocal, or manipulating equipment. This sort of “position bolstering” and “risk taking” took different forms for different girls based on how they were already positioned in class and their goals for participation in class. For Pat and Tricia, they wanted to ensure that they maintained a high social status along side their epistemic authority. Some students, like Melanie in the next example, used the practice of playing with identity, to take the risk of sharing ideas and being viewed as knowledgeable. In presenting her “save the animals” poster, instead of just reading off the poster, “impersonating” a giraffe, speaking in what she thought would be a giraffe’s voice. She also impersonated the baby giraffe, speaking in a high-pitched “baby” voice to much laughter from the class. This may seem sort of a mundane example, but Melanie was a painfully quiet student who lacked confidence in her ideas and in her ability to do well in science class, almost always “passing” when called on by the teacher. This presentation reflected a sort of coming out for her in the science classroom. Using the giraffe as a safe haven, Melanie was able to share what she new, and to begin to position herself, more publicly, as someone who knew science and could do science. 

These two examples suggests that playing with different identities also allowed girls to actively position themselves with different forms of authority in the classroom – forms of authority they did not always have in science class or that were not always valued in science class. In the last example, Melanie positioned herself with traditional epistemic knowledge, drawing upon her research into giraffes. In the case of Tricia and Pat we see them using bridging their epistemic authority into positional authority among their peers – trying to maintain that they could be smart yet cool.

Many times girls were playful with identities in ways that allowed them to transform their narrative authority, or authority that they have through their lived experiences, into meaningful epistemic authority in the classroom. For example, when students were asked to make a presentation on the dangers of smoking, Amelia, a student who struggled to be taken seriously in science class, drew upon her street identity (in both her oral and body language and in her knowledge claims) to call attention to some of the dangers of smoking learned on the street. 

[transcript]
In the case of Amelia, we can see how taking up the street identity in talking about the effects of smoking, she created a space that sanctioned her funds of knowledge in learning science. Thus, this process of using identities to help transform narrative authority into epistemic authority also reflects how the girls used playing with identities to re-position how funds of knowledge are leveraged in the classroom. 

Amelia is an interesting case because she often played with identities to gain access to science class in ways that her “standard identity” did not allow. Amelia, as discussed earlier, had the reputation of being a bully, and of not being a good science student. Yet because she elected to participate on a series of extracurricular science fieldtrips to an outdoor place by the name of  Sweet Water, and because she drew upon those experiences in science class, began to develop the identity as “the Sweet Water Girl”. While this identity was ascribed to her, she used it to gain access to science discourse in her classroom while maintaining her identity as a bully.
The examples presented also show how playing with identities was important because it supported the girls not only in re-positioning themselves in the classroom vis a vis their peers, their teacher, or science, but also in transforming the assigned classroom activity itself so that the activity was more accepting of out of school experiences.  In short, through the practice of playing with identitie, girls used both in school and out of school resources and experiences to construct novel identities that protected them in taking risks in the science classroom (i.e., to test out knowledge claims, to be seen as smart) and in bolstering peer support. Playing with identities supported the girls in re-positioning themselves with respect to their peers, their teachers, and science even after they “returned” to their more “habitual” identities. It also allowed the science under investigation to be extended to incorporate or to be seen as congruent with nontraditional science experiences and resources.

Discussion: Merging Science Practices

The findings reported here reveal that girls engage in science practices in support of who they are and who they want to be, and in ways that extend their participation in science class. But, how is this the case? What role do these practices play in supporting girls in deepening their participation in science class? And, what are the implications for their learning in science?

In returning to our analysis, we see four important cross-cutting themes, which further uncover the role of these practices in supporting girls’ participation in science class. First, the practices identified are not individual activities or short-lived events. They are extended narratives that are made up of a cycle of actions and intentions. Second, the practices described above are, in effect, merging practices, because they merge the social worlds of girls and the worlds of school science. Third, merging practices build upon and extend the existing resources and identities available in the figured world of school science, either by recruiting novel resources or authorizing previously unsanctioned ways in which existing resources and identities can be used for the girls and their community. Fourth, merging practices have both individual and social outcomes. The relationships among these ideas can be seen in Figure 1. We take up each point and the relationships among them in the discussion below. 

Figure 1: Analytical model of Girls’ Merging Science Practices

Extended Narratives

In our efforts to document and describe the girls’ science practices in our study, we have found that it was impossible to describe any individual action alone as a practice (i.e., the weighing of a worm, the recording of the weight). We began to realize that in order to understand girls’ actions as intentioned, then we had to understand how activity unfolded over time. The “practice” we sought to describe was located in a cycle of activity that involved the girls’ actions and interactions in the classroom. What resources did the girls’ activate, and how so? How were her actions responded to by her peers or her teacher, and how did she, in turn, respond? How were her intentions, her funds of knowledge, and her actions made public and become part of the larger classroom discourse? It is this cycling of actions and responses that we think of as her “practice”. This is consistent with the approach taken in critical literacy studies where practice is viewed as not just what one does by why they do it. Take, for example, Jackie’s efforts to make up rules for how she should participate in the worm observations. Jackie desired to succeed in science class, to stay popular, and to continue to be viewed as smart. She strategically drew upon her relationship with her peers in her group, and orchestrated her group activity so that she could serve as observer and recorder, providing a robustness to the ordinary observations made by her group, and even using her notes as the official document of the group when whole class conversation ensued. We cannot understand Jackie’s rule making and its importance in keeping her engaged in the class activity, supporting her learning – and her groups learning – about worms without understanding how the narrative unfolded. And, while this narrative took place over the course of one class period, we can see that it is rooted more deeply in how Jackie was positioned in class over time. Her peers trusted her epistemic authority, and while she did not actually touch the worms, trusted her ability to transform their individual observations into a thoughtful, comprehensive document. 

Some narratives transpire within a single class period, or even within a short window of time. The example of sun rising in the east shows a narrative that takes place over about 5 minutes of class time. Yet that narrative cannot be understood without understanding both Ginny’s and Christopher’s history in class together. Some narratives, however, extend over multiple days. Take the case of Ginny’s Bone Song. She created her song as a heuristic to help her peers and herself remember the human skeletal system. In sharing that heuristic with her peers, she was encouraged to share it more extensively, eventually with the teacher. Mr. M. then took up the song and made it a public resource for all of his students. This series of actions took place over the course of days, involving both in class and out of class activity. Yet, the practice of making the bong song cannot be understood without seeing this cycling of activity.

Practices that merge school science and the social worlds of girls. 

The practices of making a product, making new rules, aligning oneself and playing with identity merge the social worlds of girls and the worlds of school science. In our analysis, we have noted that when the girls appropriated a science activity, for example through the practice of making a product, they engaged in science class in ways that were compatible with their knowledge and experiences, for reasons that served their needs and purposes, and which only sometimes mirrored the purpose of the science activity, yet still met the demands of the classroom. How girls’ practices fostered their success in science because they served as bridges and allowed not just movement between the social worlds of girls (their out of school cultures and ways of acting within those cultures, or genres) and the worlds of school science but a blending or merging of these worlds in ways that validated their girls out of science class identities and experiences and the world of science. 

Understanding merging science practices are important because they give us insight into how and why girls take up science in the ways that they do. However, our research also reveals that merging science practices are important because they foster a new kind of discourse space in the classroom that validates identities, resources and actions that often go “unsanctioned” or at least unnoticed in the science classroom, such as Amelia’s calling out.  In fact, we would argue that this space does more than just validate the girls’ out of school identities and resources – this space relies upon these resources as integral components in their science learning as shown in Figure 2.

Figure 2: Merging science practices and third space (discourse space) 



Drawing from Moje’s work on critical literacy practices, we refer to this new space as a “third space” or a space where the discourse of science class and of the girls social worlds are blended, making the boundaries between these worlds porous and movement between these worlds fluid. It is in this new discourse space that new forms of participation in science class are legitimized, thereby extending the repertoire of resources accessible to all students. 

The attention on covert or unsanctioned discourses, identities or knowledges made legitimate through merging practices lens is important because it helps to uncover that which transpires in the science classroom that is not typically part of ‘what counts” yet still fundamentally impacts a girls’ ability to engage the normative structures of the science classroom. For example, for a girl to gain a deep understanding of how the urban ecosystem is disrupted by diesel engine pollution, she needs to have an opportunity to engage the ideas. However getting to the point of engaging the ideas involves: becoming a participating member of the learning community – finding that her subjectivities can align with science, that she has knowledge and experiences that will support her in further developing deeper understandings, that this information has utility (to pass to the next grade, to make a change in one’s life). Thus, so even though merging science practices in and of themselves are not always explicitly science-related, they carry school science significance because used in ways that advanced science trajectories in the classroom. For example, many of the narratives described in this manuscript show girls engaged in practices that are peripherally “scientific” in terms of the skills, knowledge, or resources drawn upon to enact these practices. Yet, these less-explicitly science-related practices were instrumental for the students in this study to engage in the science learning community, and they allowed the girls to negotiate and bridge the culture of science with their own cultures and identities, as we can see most dramatically in Amelia’s anti-smoking skit. 

Recruiting novel resources: Intersections of identity and context

Merging practices were important to the girls because they allowed new forms of legitimate participation to emerge in the classroom by valuing or legitimizing “unsanctioned” identities, resources, or knowledge.  These practices were built upon existing resources available in the figured world of the classroom space, either by recruiting novel/new resources and/or authorizing previously unsanctioned ways in which existing resources can be used for the girls and their community. 
Earlier we noted the importance of understanding practices through a cycling of activity. This cycling is, in part, propelled forward by the involved individuals strategically recruiting or appropriating novel resources. In particular, across all of the narratives we have identified, we have noted that the kinds of resources that girls recruit involve both those resources that are public/standard in the science classroom and those that are more personal and belong to the girls out of science class worlds. Across the four practices, the most important novel resources recruited were the students funds of knowledge and their social capital.
Important to the process of recruiting novel resources is how identity and context frame what resources are accessed and how so. While we have extended our analysis on this point greatly elsewhere (see Tan et al, 2006), we want to point out here that girls’ merging science practices are deeply grounded in both the context of the figured worlds in which they live and learn and how the girls view themselves in relation to science. While there are numerous ways to understand both identities and context, we have found that in understanding these merging practices two components are important: how girls view their success in school science, whether they like it and see it as a part of their futures (e.g., I do well in school and I like science). For context, we have identified three components: the curricular context (including how its enacted by the teacher and students), the classroom context and the public resources available there, and the kinds of events and activities that transpire.

Individual and social outcomes

Finally, practices have both individual and social outcomes.  At the individual level, we can see that practices open up new opportunities for individual girls to participate in the science learning community, making access to scientific ideas and skills greater. We can see this most poignantly in the examples involving Amelia and Melanie (explain how both started off on the periphery, gained greater access to the science learning community, and demonstrated remarkable gains in achievement over the school year). We can also see individual girls merging science practices transforming the larger learning community as well in the sense that they help to generate new third spaces that offer students a broader set of resources from which to participate in science learning.

Conclusions

We view our understanding of merging science practices as a way to help us understand the ways in which, as students co-opt science, certain practices help them bridge the world of school science with their life-worlds. These practices offer unique insight into how context frames engagement in science and how it frames youth’s reasons for participating in science, issues missing from most of the literature in science education. Such practices are science practices, but may also take on other forms and functions in students’ everyday lives. While these practices are not always explicitly scientific, they carry scientific significance when the students in this study used them in particular ways that advanced their science trajectories beyond learning more science content.   We also believe that merging science practices serve as “gate openers” in the sense that they foster increased participation in the science learning community, making access to more traditional practices possible.
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Identities


Identities include who girls are and want to become. Identities shape how girls interact in science class and the goals and expectations they hold for themselves and others. The identity categories we draw from include:


“Potential Scientists, “Other smart kids”, “I don’t know” students, “Outsiders”, “Inside outsiders” 


(Costa, 1995)
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� For a more detailed discussion of Amelia and her ways of participating in science class, refer to: Tan, E., Calabrese Barton, A. & Rivet, A. (2006). Understanding how girls’ identities shape their science practices. A paper to be presented at the American Educational Research  Association.  San Francisco, CA.








