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Abstract 

This praxis exploration recounts my teacher education classroom journey with elementary 

science preservice teachers. Because science anxiety and prior mis-educative science experiences 

were common in my classroom, we used an ocean ecosystem art installation as a transformative 

curriculum-making technique to increase biological content understanding and reduce science-

teaching anxiety. Through the process, we collectively liberated our imaginations and created 

educative arts-based science curriculum. 
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Urban Ocean Installation: Changing Tide in Elementary Science Education 

The Problem: A Haunting Past Relived in Present Classroom 

Last year, something unforgettable happened in our teacher education class—in a 

haunting moment, life drained out of one of my students. That day, I learned the power of mis-

education. For part of a typical elementary science curriculum and instruction class session, my 

preservice teachers worked together to create science lesson plans. As I walked around the room 

to check in on students, I stopped suddenly in shock as I saw Sari1 in tears. I immediately asked: 

Sumer: What’s going on, Sari?  

Sari: [As tears roll down her face, she continues to look down] I don’t know why I’m 

crying. I think what it is, is that I don’t understand science concepts. That’s why 

when I go to write this [science] lesson plan I feel I don’t have the knowledge to 

teach this correctly. It’s not good for me, science. I can’t even tell you about the 

basics of science. That’s what’s scary . . . I need help. [Tears continue to fall] I 

feel paralyzed.  

Sari, usually an engaged and driven student, was in emotional turmoil. Her alarming 

comments were not characteristic of the Sari I knew—a student willing to explore and engage 

with unknown worlds; she was a curious pioneer who was more than capable of writing the 

lesson plan based on the fifth-grade NGSS physical science standard—“when two or more 

substances are mixed together a new substance is formed.” Yet in this moment she did not 

believe she was capable; rather, she saw herself through a deficit frame and was paralyzed by 

fear.  

                                                        
1 Sari and all student names in this paper are pseudonyms.  
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I use this classroom experience to present a science education problem that requires 

investigation. The central focus of my paper is to understand my preservice teachers’ science 

learning and teaching anxiety as well as identify ways that I as a teacher educator can work with 

them to positively engage in science teaching and learning. 

Sari’s negative science experiences are costly in her and her fellow preservice teachers’ 

lives. Alarmingly, preservice teacher science anxiety and reticence to teach science are not 

unusual (Riegle-Crumb et al., 2015). All too often—every semester during the past six years as 

an elementary science teacher educator, in fact—I have seen many competent preservice teachers 

like Sari be triggered by prior mis-educative science experiences. For many of them, these 

experiences left callouses or open wounds that never quite healed. For the preservice teachers, 

crying, angry outbursts, and hunching so they are smaller and unseen are all physical 

manifestations that seem to derive from the emotional pain of mis-educative science experiences. 

Compelled, I investigated into these mis-educative experiences.  

Exploring the Problem: Mis-education 

 Sari learned to perceive herself from a deficit lens from prior mis-educative experiences; 

her science anxiety is a symptom of a more complex issue. Mis-education, Dewey (1938) 

explains, are learning experiences “arresting or distorting the growth of future experience” (p. 

25). I use Dewey’s concept of mis-education to understand Sari’s reticence to engage in science 

learning and teaching. Dewey’s concept of mis-education helps me to understand how the 

preservice teacher’s past is impacting present learning. In classroom moments like the one above 

with Sari, wounded preservice teachers are reacting from past negative science classroom 

experiences; it is as if their present knowledge of being competent is overruled by the past deficit 

concept.  
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Dewey’s theory also highlights the concept of continuity in Sari’s experience. Continuity 

is in Sari’s cycle of reliving past negative experiences in the present. The cycle, according to the 

theory, will continue to be reinforced until a positive educative science experience disrupts it. 

This concept of continuity makes sense of Sari’s ongoing science reticence and anxiety. Such 

mis-education in Dewey’s definition is not surprising—women and people from non-dominant 

communities have also experienced centuries of science gender and cultural marginalization 

(Bang, Warren, Rosebery, Medin, 2012). How is Sari’s is connected to female science 

marginalization? 

Woodson’s (2000) mis-education theory, different than Dewey’s, sheds light on the 

macro level institutional power dynamics impacting Sari and generations of women experiencing 

science marginalization. Woodson, a nineteenth-century education forerunner, in his book the 

Mis-education of the Negro, explains, “the conditions of today have been determined by what 

has taken place in the past, reinforcing the system of bias” (p. 9). Woodson defines mis-

education as taking on the bias of the oppressor. Thus I explore the ways bias operates within 

science, which may further explain the ways Sari’s story is entwined with female science 

marginalization. Using Woodson’s quote, I connect Sari’s present science anxiety with the past 

science education practices. Making these connections to our historic education institution, I find 

science curriculum and pedagogical practices impacting centuries of females and one that 

continues into the present.  

I find science is embedded in a western epistemology and has been an elitist discipline 

purposefully excluding women and non-dominant communities for centuries through 

“entrenched, usually hidden, boundaries that tend to control the borders of acceptable meanings 

and meaning-making practices” (Bang et al., 2012, p. 303). Science curriculum and pedagogy 
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upheld these “borders of appropriate science meaning and meaning making” to teach, select and 

maintain an elite (Bang et al., 2012, p. 303). While acting as vehicles to indoctrinate and 

maintain science in Western epistemology, curriculum and pedagogy also practiced weeding, a 

mechanism that reinforces the system, eliminating those that are outliers (DeBoer, 1991), 

Thus I find Sari’s mis-educative experiences, through the lenses of both Dewey and 

Woodson, show that Sari’s story is not unusual but rather a predicted outcome. Science was 

taught through classroom weeding of pedagogical practices and curriculum. Weeding ensured 

that those who did not align with the epistemology of science were not successful. Sari was 

weeded.  

Sari’s story is further explained through the research of Thomas (2016), who explains 

bias learned during early schooling years and is “difficult to change in adults” (p. 20). Sari’s 

early weeding experiences were mis-educative so she, like generations of women, learned to 

believe she did not belong in the science elite. She learned to see herself through a deficit lens, 

an oppressor-biased lens, as described by Woodson (2000), learning to perceive oneself with 

“inferiority” (p. 149). Such a lens Woodson (2000) cautions us—keeps self-perceptions locked in 

a cycle of being less than, a lens that can be passed from generation to generation. In this view, 

Sari’s story is part of the generations of women excluded from science. Sari’s anxiety and 

reticence to learn and teach science are a direct result of the science curriculum aimed at creating 

an elite. 

As Sari’s teacher and as a teacher educator, inspired by the insights of Dewey and 

Woodson, I inquired into this praxis puzzle and sought transformative curriculum making. 

Transformative curriculum making in science helps me to better hear preservice teachers’ voices 

and value their identities rather than weed (Seiki, 2016). Transformative curriculum making 
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seeks to counter deficit mis-educative narratives and increase preservice teacher science 

engagement through creating educative ones (Seiki, 2016). Transformative curriculum making 

begins with listening to the oppressed.  

Investigating to Find a Way that Works: Listening 

Story is central for my inquiry. Narrative inquiry is the study of experience as story 

(Connelly & Clandinin, 2006). Listening to Sari’s stories and her fellow preservice teachers’ 

stories of science during 2015 helped me understand the context and consequences of science 

mis-education and education. “Story, in the current idiom, [is] a portal though which a person 

enters the world and by which their experience of the world is interpreted and made personally 

meaningful” (Connelly & Clandinin, 2006, p. 375). Listening to Sari and her stories provided a 

greater understanding of mis-education, especially the consequences of being taught to 

internalize a shame-based deficit lens through punitive and silencing curriculum.  

As a teacher educator, I have had an opportunity to walk alongside my preservice 

teachers and address the open wounds of mis-education. In this journey, I enter with them in the 

present moment through the tears of their past, if they are able. We do this to counter their past 

mis-educative self-concepts and relationally recreate an unimagined future as a science teacher. 

Educative Experiences: Imagining a New Way 

I suggest teachers who experienced science marginalization physically and emotionally 

are uniquely able to teach science in new ways. Freire (1990) posits the oppressed are able to 

teach others about the system of oppression and collectively work with oppressors to change it. 

Woodson agrees and argues we must begin education with the oppressed.  

Seeing this problem in a new light, I reflected on the ways in which my preservice 

teachers’ mis-educative experiences could frame new ways of teaching science, rather than 
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perpetuate mis-educative techniques like reductionist curriculum used for weeding. Together we 

could create educative science curriculum based on their interests and passions in art. We could 

begin science education with the learners. Sari was a passionate artist. Together we could create 

educative experiences that expand the learner’s opportunities to cultivate interest and future 

growth in science.  

We began by using art, imagination, and inspiration, since art allowed for exploration in 

ways that traditional science teaching did not. We as change agents, we as teachers and students, 

liberated our imaginations. Purposefully pushing the “borders of appropriate science meaning 

and meaning making,” we re-made science education (Bang et al., 2012, p. 303). Using 

installation art as our collective goal, we decided to create a three-dimensional classroom ocean 

ecosystem. “Arts integration is not for decorating a classroom, but it involves immersing the art 

within content areas for the purpose of student knowledge acquisition” (Zackery, 2016, p. 82). 

We took complex concepts in biology and engaged them in ways that were not isolating or 

shaming, but educative and inviting, allowing for creative exploration of awe-inspiring science. 

Installation art, such as this ocean installation project, provides preservice teachers the 

opportunity to explore the complex ocean layer content. Greene (1995) asserts that art education 

provides a way to understand “what is” as content fact, while imagination allows my students to 

push beyond the mere discipline understanding and to connect through their imagination to 

understand “what might be” as well as “what is possible.”  

Allowing expression of understanding through this art installation fostered a three-

dimensional understanding and representation of the organisms and their complex relationships 

within the ecosystem. Creating the seven ocean layers, swaths of blue were pinned between the 

ceiling boards to create a gentle, colorful, and undulating movement in our classroom ceiling. 
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We used dollar store-dining tablecloths on a total budget of just $20. Each tablecloth was a 

different hue of the seven ocean layers, starting from white and moving to light blue and 

progressively to indigo, then night-dark blue and finally black. The lightest color indicated the 

shallowest part of the ocean and black represented the deepest ocean floor. Since the swaths were 

symmetrical and hung at their lowest point two feet from our high ceiling, moreover, we did not 

disturb other instructors who shared this university classroom. In fact, one instructor commented, 

“Teaching in the classroom with your ocean positively shifted our class dynamic.” Although we 

did not have problems with our installation, there may be difficulties in shared teaching spaces. 

A possible solution with such limitations is to do prior in-class preparation and on one class day 

do both the installing and removal. 

In this project students also engaged, processed, and built organism replicates, which in 

turn enhanced their conceptual understanding of ecosystem relationships and interactions. Using 

a studio-style process of drafting and revising, students created replicates of ocean organisms for 

each layer. They thought through the organisms’ anatomy, played with recycled materials, and 

considered the ways biological form and function aligned (Figure 1). Since no organism in all its 

complexity can be fully replicated, these students were not pressured to memorize; rather, they 

learned biology content in creative and educative, problem-solving ways that did not produce 

anxiety. “Giving students the ability to communicate using many different modalities add depth” 

to their comprehension and learning process (Zackery, 2016, p. 82).  

The three-dimensional nature of these installations helped students understand the 

physical dynamics of the habitat, the pressures and resource limitations, and complex 

relationships between the populations of organisms. Teaching science using the medium of 
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installation art promoted science engagement as students found creative ways to explore content. 

We collectively transformed ourselves through this process; we re-storied science education.  

   

Figure 1. Preservice teacher ocean organisms (left to right): Sea Urchins, Horseshoe Crabs, Kelp 

(Macrocystis), and Blue Whales.  

Course feedback at the end of the semester showed evidence of shifts. A preservice 

teacher remarked, 

Your class was one of the most challenging and inspiring ones this year—I wouldn't have 

ever thought I could teach my own science ocean unit, but doing it [teaching an ocean 

unit and installing an ocean classroom ecosystem] was surprisingly successful. My 

[cooperating] teacher and students were absolutely thrilled! The kids even made their 

own illustrations based off our models to add [to the installation]. 

Through the medium of art, our classroom community found educative ways to explore 

science. With the students in this class, science education was most productive when we 

redefined best educative practices using art and exploration. We pushed the boundaries of 

science curriculum and pedagogy together, finding science education that supported preservice 

teacher engagement. 

Reconsidering Science Education 

 

As a teacher educator I pause to consider what would have happened had I not met Sari. 

Sari, in tears at the start of this paper, bravely shared her wounds of mis-education and thus 
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began the process of critically investigating the cycle of science marginalization. Sari’s story 

reminds me that placing blame on preservice teachers for their science anxiety is at times both 

problematic and inaccurate. Such blame, against the oppressed and not the oppressor, is a cycle 

that perpetuates the system of bias. It also leads to the oppressed learning to internalize a deficit 

lens, the lens of the oppressor’s bias. Sari’s story and inquiry indicate to me that the problem lies 

in the science discipline, a self-proclaimed system of biased elites, where exclusion is a 

necessary and costly byproduct. I suggest we teach about this system of bias so generations of 

those marginalized can understand their place in the present is part of a larger history. It is time 

to change science education history.  

Sari’s story also reminds me to not stray from the path of education and detour into mis-

education. Woodson (2000) warns us, that science curriculum and pedagogy can and has been 

used to uphold the unseen bias of racial and gender privileging. Therefore, we as teacher 

educators must be vigilant in choosing curriculum and pedagogical science practices that do not 

reify this system of bias but remake science education. We can accomplish this by listening to 

those who have been marginalized by science; it is from them that reimagining a new science 

education is possible, a science education that is written by the marginalized for the 

marginalized.  
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