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Abstract

The ethical teaching of science education is a complex challenge encompassing the ethics of
teaching, the ethics of science, and the ethics of teaching science. Baradian agential realism
provides us with theoretical tools to highlight ethical implications of policy, specifically
standardized testing and science standards, in a narrative derived from the experience of a
science teacher. The relational ontology of intra-action in Barad’s agential realism provides us
with a way of seeing and navigating co-constitutive entanglements of political, economic,
scientific, educational, human, and material forces, ultimately allowing us to reveal the
possibility in science education—the what is and the what could be. We explore the narrative
through the theoretical lenses of diffraction and affect, and the entanglement of these two
approaches. Thinking through entanglement allows us to position science standards and
classroom realities as diffracting rather than clashing. These more-than-human actors influence
each other to produce emergent becomings rather than standard implementations. By employing
affect, we can approach these entanglements to acknowledge the ways in which affective turns
(that is, moves towards noticing the interplay of affect, emotion, and feeling) impact both the
actors (human and non-human) as policy and science teaching intra-act in a becoming that
produces new classroom practice.

Keywords: Science education, policy, science ethics, affect, agential realism, diffraction

Affect the Ethics of Testing: A Narrative

| packed the final box from the school year neatly in the corner of my classroom. Beakers,
baking soda, and batteries waiting for another group of eager minds to join the practices of
science in September. But before that, there was a battle to be fought — the Pennsylvania
State System of Assessment, or PSSAs, the Pennsylvania Department of Education’s
response to the federal mandate of No Child Left Behind (NCLB) to assess students. | had
volunteered to serve on the committee that meets yearly to vet and edit new questions. | felt
strongly opposed to these tests. I knew what they measured (students’ recall skills) and
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what they did not (anything else about the students’ skills or abilities). Teachers from
across the state would be meeting with representatives of the Department of Education and
the testing company for two days at a conference center near the capitol. We were to look
for errors, unclear points, and biases against certain groups of students.

I wish I could recall exactly what was said, but I remember clearly what 1 felt. The anger,
frustration, and despair are fresh in my memory. | was the only teacher in the room
representing students from an urban center. The other 11 teachers were from suburban
and rural districts. Pennsylvania has almost 1.7 million students and over half of them,
more than one million, are white. Philadelphia serves approximately 11% of the students
in the state, but 40% of Black students and 20% of the state’s Latina/o students. Although
the participating teachers were geographically diverse, | was the only one speaking for
over 200,000 students in Philadelphia.

The narrative above was written by Katie, the first author, who, in the early 2010s, was a
middle school science teacher and science curriculum coordinator in Philadelphia, Pennsylvania.
She taught in a school with a population that was over 90% free and reduced lunch and over 90%
Black and Latina/o students with a large emergent bilingual and special education population. At
that time (and currently, as of this writing), Pennsylvania administered the state standardized test,
the Pennsylvania State System of Assessment (PSSA) for science in 4th and 8th grade, with an
end-of-course test in biology in high school.

What is Policy Anyway?

Educational policies such as those behind standardized testing are often positioned as
forces in themselves, operating on schools and classrooms from above (Bateman, 2019). Teachers
are tasked with implementing these policies with fidelity. Yet, educational policies do not exist in
a vacuum. Their development and implementation are influenced by factors within and beyond
the educational system (e.g., parents and communities, industries). Messages regarding policies
move through an educational system in “dynamic associations,” or assemblages (Koyama &
Varenne, 2012, p. 157). In these assemblages, teachers interpret, disassemble, and reassemble
policy messages so that policies evolve and emerge (Koyama & Varenne, 2012). Therefore,
policy translation is inevitable and necessary (McLaughlin, 1987; Spillane et al., 2002). It is
worth exploring this process, as it is this translation, more than the content and intentions of
policies and reforms themselves that is likely to shape the day-to-day experience of students in
schools (Cuban, 1998). We argue that the theoretical framework of agential realism (Barad, 2007)
provides a novel and productive way of understanding the complexity of educational policy and
school-based enactment.

Here, we consider dynamics between policies and classrooms with a focus on science
ethics in science education. We examine policies as producing science ethics in a particular way,
and how these policies are diffracted, bent, distorted, in encounters with a science teacher and
her affective embodiment of science ethics. We do this through the interweaving and discussion
of a narrative, introduced above, in which a teacher, the first author, wrestles with the ethical
implications of teaching to standardized tests that devalue her students’ contextualized scientific
knowledge. Throughout, we combine two concepts to think with theory (Jackson & Mazzei,
2018). We entangle and think with Barad’s agential realism (2007) and Danvers (2016) affect
theory to gain insight into the ways teachers, policies, political/economic forces, and science
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ethics encounter each another. We also look at the dynamics of these encounters and their
diffractions.

The Emergence of Testing Policies

The PSSAs did not appear overnight; they emerged through iterative cycles of
policymaking starting in the 1960s in the US that positioned standardized testing of students as a
valuable metrics of schools. However, policies have unintended outcomes, taking on lives of
their own (Bateman, 2019). For example, in the US, existing standardized tests in science
implicitly favor native English speakers from the dominant culture who have educational, family,
and community science experiences (Penfield & Lee, 2010). However, many students have not
had these experiences, particularly those in culturally and linguistically diverse communities.
These policies have affected schools in numerous unintended ways, including decreased time in
science (Au, 2007; Aydeniz & Southerland, 2012; Judson, 2013) and narrowing science curricula
(Au, 2007) to focus on tested content (Aydeniz & Southerland, 2012), dating back to at least the
1990s internationally (Atkin & Black, 1997). However, due to international assessments like the
Programme for International Student Assessment (PISA), the Trends in International
Mathematics and Science Study (TIMSS), and the Progress in Reading Literacy Study (PIRLS),
the impact of standardized testing is felt across the globe (i.e., Jeong et al., 2022; Ma, 2021,
Suprapato et al., 2021).

Katie’s familiarity with the adverse effects of these policies, at least partially, contributed
to her reactions to the PSSAs. Subsequently, she pushed back. For her, these standards were
wrong. They did not reflect her complex and embodied understanding of what her students needed
to become scientifically literate, to become practitioners of science, and develop an ethical idea of
what those things mean. Here, we focus on that last idea, scientific ethics in science education.

Competing Ethics: Science and Education

The place of ethics in science teaching is a layered and nuanced issue. First, one must
consider ethical dilemmas in the practices and processes of science. Researchers are likely to be
familiar with ethics committees that ensure research does not cause undue harm to human and
non-human subjects, or, essentially, that studies are ethically sound. Moderation of research on
human subjects resulted from researchers dehumanizing marginalized communities in the name
of science. Examples include the intentional harm of Black Americans in medical studies (e.g.,
the Tuskegee Syphilis studies) and Nazi experimentation on predominantly Jewish prisoners
during World War 11 (Weinstein, 2008).

Furthermore, ethical considerations of science concern the outcome of the work. One
example is nuclear power, which can produce both catastrophic destruction and plentiful energy
that could counter Anthropogenic climate change (Manchin, 2020). Although it appears early
nuclear scientists like Fermi and Meitner were driven by curiosity, seeking to explain a puzzling
phenomenon, governmental forces in this system that enabled their research used it to create
atomic bombs. Science was weaponized to maintain power. The scientists’ creativity, the urge for
political power, and needs for energy-power intra-act in an ethical entanglement (Barad, 2017).
Scientists contemporary to Fermi and Meitner went along with weaponization of this atomic
discovery, as the ideologies and discourses of neoliberalism infiltrated scientific practice. These
ideologies and discourses can be found in modern science education materials (Bazzul, 2016).
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Ethical considerations of science teaching pertain not only to science but to teaching as
well. An extensive review of the research on ethical teaching (Campbell, 2008) suggests that
ethical or moral teaching entails the teacher acting as a moral role model, exemplifying a good
person (or good scientist) for their students. For science educators, the moral model also needs to
be inclusive of the social justice imperatives (Chowdhury et al., 2020; Szostkowski & Upadhyay,
2019). For example, action on climate and standards reform should be explicitly linked with
classroom practice (Bateman et al., 2021; Jeong et al., 2021). When standards fail to explicate
the ethical dimensions of climate change, or mention climate change at all, teachers face ethical
dilemmas. Do they abide by their perceived obligations to teach the standards as written or do
they engage with their scientifically constructed ideas about what is ethical? The ethical tensions
emerging from the narrative we present here are a force, something driving one teacher to meet
established policies and confront them. This could be read as a clashing. However, there are
other ways to think about this encounter, not as a conflict but as a process of translation, or
perhaps better yet, of diffraction.

Policy, Implementation, and Diffraction

Policy implementation is often understood as a top-down, hierarchical affair. Policy-
makers identify problems plaguing a group over which they govern, targeting narrow policy
windows during which policies can be pushed through (Kingdon, 2003). These policy windows
are often created through the generation of a crisis (Tyack & Cuban, 1995) such as claiming that
children were “falling behind” or a country was losing its economic power. Policymakers then
use policy instruments or tools such as mandates and monetary compensation to generate
compliance (McDonnell & Elmore, 1987). Yet, policy implementation is not a straight line, and
school systems change the reforms designed to change them (Cuban, 1998; 2013). As policies
become entangled with other parts of the system, teachers and other actors interact with the
policy, they may be adopted, adapted, combined, or outright rejected in practice, being
assimilated, and translated often into something that migrates far from the intention of policy-
makers (Bateman, 2019; Coburn, 2005; Coburn & Woulfin, 2012; McLaughlin & Mitra, 2001).
Through their actions, teachers exercise power in relation to policies with which they disagree,
such as standardized testing (Bateman, 2019; Sherman et al., 2020).

This process of implementation might be thought of as the clash of opposing forces in
hierarchies. Another way to think about it is production in constitutive encounter — not interaction
but intra-action. To this way of thinking, policies are brought into a complex assemblage with a
multiplicity of human and non-human elements, thereby becoming, and helping to produce,
something different (Youdell, 2015). Karen Barad’s (2007) agential realism provides a way to
think about the dynamics of policy implementation not as a collision of distinct and separate
forces, but as a diffraction of relational and co-constitutive elements, not colliding but converging
like overlapping waves to bend, distort, and produce something new. It is a way of understanding
how different elements of the world come to matter. Taking this perspective, policy is not
something implemented in schools but is made a part of schools in their dynamic specificity.

In describing her agential realist ontology through the example of scientific experimenta-
tion, Barad (2007) explains that there is no inherent separation between measuring agencies and
measured objects, between observer and observed, or between experimenter and experiment. Put
another way, there is no outside position from which to observe and measure something. Rather,

Cultural and Pedagogical Inquiry, Summer 2022, 14(1), pp. 23-34
ISSN 1916-3460 © 2022 University of Alberta
http://ejournals.library.ualberta.ca/index.php/cpi/index


http://ejournals.library.ualberta.ca/index.php/cpi/index

27 Bateman, Sherman & Jeong

these divisions are boundaries that are drawn rather than discovered, “agential cuts” that allow us
to think in terms of causation amidst entangled phenomena. Policy, too, can be understood in this
light. Agential realism has been used as an analytical framework to understand policy implementa-
tion, allowing for consideration of affective forces at play, in assessment, in higher education
(Thiel, 2020) and how universities themselves can be reconfigured by the socio-technical
entanglements of policy (Bregger & Madsen, 2021). This perspective can be applied to policy at
multiple levels. First, policymakers themselves can be understood not as outside of policy and its
effects, but entangled with them, separated by an agential cut that poses them as the makers and
policy as made. Within Katie’s narrative, we see how she is part of this system, both being
influenced by the test, and shaping the test through her actions. Second, the policy specifically
dictating measurement of student achievement can be understood not as inherently separate from
the measurement and the measured (students), but as entangled with each and made distinct
through agential cuts. Finally, teachers ultimately implementing policy can be seen as entangled
with it, as they interpret, select from, and adapt this policy. It is to this position, that of the
individual teacher, that we again turn.

Tears and Teaching: The Affective Policy

| shed tears that weekend. I lost my temper when pushing back against the group regarding
“integrated pest management.” This was a common-Sense idea to students in farming
communities, which make up much of the landmass at the center of the state. For my
students though, farms were things out of storybooks and school trips to pick out pumpkins
already harvested from the vine. They had rich life experiences, and | had taught the
concept the year before to my sixth graders by equating it to how one gets rid of mice in
your house-set traps, get a cat, use chemicals mice do not like. But the questions situated in
a farm with beetles and crops were unfamiliar. If my students were expected to grasp it
from a farming perspective, why couldn’t we flip the question and phrase it in an urban
context? This was met with looks of incredulity. Why would they do that when the standard
is about farming? One of the rural teachers then told me that there are plenty of things we,
the urban communities, spend far more time doing than they do, like fire safety. This is
when | lost my cool. See, fire safety, while incredibly important when living in attached
housing, is not part of the state standards in any curriculum. “Show me where that is on
the test!” I cried, probably too loudly. I had to leave the room. One of the leaders came out
to ask if I was okay, but without any apology from anyone, without the question changing
or anyone acknowledging the biases and privilege that was in place. | left that weekend
feeling even more frustrated with educational policy and testing than | had going into it.

Policies are interpreted and implemented by human educators. Katie’s narrative
illustrates an embodied element to this implementation: affect. Affect is a constitutive
relationality between bodies and objects co-produced by individuals and their social contexts
(Mulcahy, 2019). In this sense, relational bodily affect can be understood as changes in “bodily
capacity which emerge through encounters” (Mulcahy, 2019, p. 94). In Katie’s narrative, affect
set in motion relations between bodies, including her fellow teachers (human actors/bodies) and
standards and policies (hon-human actors/bodies). During the meeting, conversations became
increasingly heated. Katie reacted physically, shouting and leaving the room in frustration, trying
to resist inequities she saw in the testing practice. Affective intensities, encompassing or
preceding emotion, are eruptions and flows that emerge in encounters between elements in
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assemblage (Colman, 2010). Affective intensities can be produced and reproduced through
agential realist socio-material-discursive entanglements (Danvers, 2016), as we see in Katie’s
narrative. Katie’s affective intensities opened up moments of ethical potential where “new
thinking, feeling, seeing and being with others” can be imagined or enacted in a new way
(Means, 2010, p. 1090). Since the posthuman conceptualization of agency no longer privileges
human actors, all things/matter/bodies have a capacity to affect and be affected and these
changes in bodily capacity can both affect other actors/bodies and are affected by them
(Mulcahy, 2019). In this vein, the policy and standards, which have been typically perceived as
dehumanizing forces, can be re-imagined as bodies with the capacity to affect others, especially
Katie.

As a counter to education and policy as structured and rational, affect allows us to
consider forces in schools not rational, not structured, but very real (Kenway & Youdell, 2011;
Nairn & Higgins, 2011). In fact, educational policy itself, specifically, accountability-related
policy, has affective affordances (Lingard & Sellar, 2013). Teacher emotions, related to their
enactments of self (professional or personal) are entangled in their decision-making, acceptance,
and resistance (Benesch, 2018; Zembylas, 2003). Thus, Katie’s science teacher becoming cannot
be separated from affect which demands a non-rational, not irrational, response and elicits a
sense of response-ability. Here, Barad’s (2007) idea of response-ability is germane, as “an ability
to respond, to respond to the world beyond oneself, as well as a willingness to recognize its
existence” (Kuokkanen, 2007, p. 39). Katie’s affective becoming was illustrative of entities that
do not pre-exist but co-constitute each other. Through and in their ethico-onto-epistemological
entanglement we see that ethics, becoming, affect, knowing are inseparable (Barad, 2007). Once
viewed as dehumanizing and oft neutral and objective, Katie’s affective becoming made policy
and standards messy, exposing inequities in the way policy and testing practices were
implemented. These encounters, where Katie’s affect clashed with the bodies of the others (her
colleagues as well as the policy and standards), provided space to challenge the biased
assumptions and consider ways to enact science teaching more justly and ethically for Katie’s
students.

As such, relationality and response-ability necessitate that ethics of science teaching be at
the forefront of (in)equities and social justices concerning science education. Mulcahy
emphasized, “learning to affect and be affected by human and non-human” actors is essential to a
[teacher’s] becoming “and, at the same time, her being in the world” (Mulcahy, 2019, p. 104).
Affect mattered in Katie’s teacher becoming to be more response-able; that is, opening a state of
responsiveness and openness towards relationships towards both human and non-human others.
Ultimately, affect entangled in the socio-material-discursive encounters and made new
possibilities for response-ability and ethical becoming of a science teacher, Katie, who was
passionate and committed to “thinking-feeling-doing” posthumanist ethics to consider often
unimagined and alternatives ways of how policy and standards can be implemented in a more
response-able way.
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An (In)conclusion

As summer progressed, | spent a week with science education researchers in professional
development around earth science and the developing Framework for K-12 Science
Education policy document, philosophically counter to my time with the state. Our goal
was to teach scientific practices, position students as knowledge producers, value their
questions — not get them to a correct multiple-choice answer. When | returned to my
school in the fall, I was asked to move from sixth to eighth grade. Why? Because eighth
grade is the year science is part of the PSSAs and they wanted the students to do well. My
salary for the following year would be tied to their performance on that test. My
observations would be tied to how well | was covering standards, not how well my
students could make observations, ask questions, or craft arguments. Our first unit of the
year was on astronomy. We started big, with the big bang. My students had more
questions than I had answers, but we didn’t have time to ponder, to wonder, to think about
the possibilities. We had more science to “cover.” We had to talk about fossil fuels and all
the good they bring to Pennsylvania and its economy in the same year we discussed the
issues around global warming and rising sea levels. We needed to review integrated pest
management, absent conversations around GMOs and pesticides. In the last weeks of
March, I was reminded to “get them ready for the test.” As a rule follower, I reviewed all
the content from 5th through 8th grade in the standards that might show up on their test.
Our do-now for the entire year had been a series of questions pulled from practice test
questions, an ethical compromise allowing me to spend as little time on “test prep” as
possible to save time for modeling, questioning, designing.

All things that influence a policy’s creation and implementation, they are inseparable
from one another. The (biotic, material, scientific, etc.) intra-actions had by all human and non-
human actors that are part of this assemblage influence, shape, and change it in all moments.
However, agential cuts (Barad, 2007) must be made to represent this system. We chose to
represent diffraction and affect within the assemblage through the lens of a single teacher
grappling with the ethics of teaching science.

Though hierarchical and uni-directional binaries have often been cast between the
policymakers at the top and the people whom the policy influences at the bottom, we want to
pose a different viewpoint from geosciences. Mantle convection is often showcased in middle
school science classrooms through a water-based model. Heat is applied to the bottom center of a
glass tray, ice to the top sides. Food coloring dropped in begins to slowly make visible the slow-
moving, tumultuous path of the water as the two colors begin to swirl, creep, and reach out
towards one another. At first, the two colors/temperatures appear different and distinct, but as
time passes, wisps of red and blue begin to curl around one another, sometimes intermingling,
sometimes becoming shades of purple. The convection process continues to swirl together,
repeatedly heating and cooling the fluid, moving it through the system. In the same way, policies
move between different spaces within the education system — policymakers, schools, classrooms,
communities — and become. They create something new with each intra-action, picking up ideas,
resources, funding, people, values, beliefs, and, like the water, remain invisible to the casual
observer. Applying non-linear theory and examining these assemblages with attention to the
influence of ethics and affect allows us to color the water and trace some of these paths.
Understanding of how we might disrupt the flow to shape policy-becoming in more ethical ways
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can emerge more clearly when we utilize the “food coloring,” that is, we make apparent and
reveal the tracings of each of these theories.

We have endeavored to showcase how posthuman theories can help us re-imagine the
role of policymaking and becoming in science education. At a personal level, the vignettes
illustrate Katie’s becoming through her encounters with policy and affect, and their entanglement
with the ethics of teaching science. Out of necessity, our representation of this assemblage must
be incomplete, highlighting just one actor, just one element. We can neither know nor represent
the impact of Katie’s affective turn on the other members of the meeting that day, or the ways
that a multiplicity of other elements may have been operating. There is a sense in which
employing this way of understanding the world means making peace with incompleteness, at
least in terms of representation. We can never capture it all, nor should we try to. More questions
can always be posed. What could other teachers become in response to the intra-actions
presented here, and how did it influence their approach to ethics and science teaching? What do
readers of this piece become in response to these vignettes? What affect arises in these reader-
text intra-actions? What other elements might have been at play, and what might they have
produced in intra-action? We hope these applications of posthuman theory to science education
policy analysis set the stage for more such exploration, growing organic and affirmative
understandings of what is produced in diffractive encounters between policy, teachers, learners,
and educational spaces.
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