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Abstract

Educational experiences built upon the Socioscientific Issues (SSI) framework provide
opportunities for teachers and students to reflectively and reflexively address ill-defined complex
scientific issues that affect human beings around the planet. Through the practice of
Socioscientific Reasoning (SSR), while grappling with SSI, students have the potential to
develop a SSI functional perspective of scientific literacy (SL); functional scientific literacy
(FSL). Due to the multidimensional complexity of many human issues in and out of the science
classroom, students are required to develop various skills, dispositions, and problem-solving
strategies that expand from and connect with a SSI functional perspective of SL. The main focus
of this philosophical endeavor is to provide a means to conceptualize the expansion of FSL
toward a cross-curricular, student-shaped possibility called Socioscientific Literacy.

In order to open-up the topics under scrutiny, SL and Reflexivity, the notion of a
deconstructive predicament is presented and explored. The recognition of this predicament
allows for the analysis of tacit meanings and hegemonic influences concealed within concepts.
Scientific literacy and reflexivity will be conceptually analyzed, personified, and rendered
through the deconstructive use of literary and philosophical devices. Following from these
analyses/narratives, through four deconstructive maneuvers, a bricolage version of SSR is

formulated as a flexible means by which students can grapple with internal/external complexity.

vi



Chapter One: The Problem

Introduction

My time as an educator in a K-12 public school system has been dedicated to working
with groups of students that are underrepresented, marginalized, and disempowered. The subject
of this philosophical inquiry, socioscientific literacy (SsL), is meant to open up ways of
conceptualizing the interconnectedness between classroom experiences, and how students
individually and collaboratively, make sense of, affect, and are affected by their surroundings
and themselves. SsL. will be framed as an expansion of functional scientific literacy (FSL), a SSI
functional perspective of scientific literacy (SL), with a focus on the components and
competencies that connect across disciplinary boundaries including reflection and reflexivity.
However, it is also a fundamental ambition here to conceptualize SsL as a student shaped goal,
derived from personal particulars, yet connected to common human rootedness. While this work
is philosophical in nature, it is inspired by my in-depth experiences with thousands of students,
over 13 years of classroom practice. This requires a more direct and intimate form of reporting
than is traditionally utilized by educational researchers.

The individual students I have known, each of whom directly influence my thinking here,
transcend any labels society bestows upon them. As their teacher, labels of underrepresented,
marginalized, high-needs, and disempowered, become academic shadows when juxtaposed with
the actual everyday struggles each student is forced to negotiate and, in many cases, endure. The

reason for all that follows, is not based solely on academic argument, but is also a genuine



attempt at providing practical ways for teachers to visualize and gain a deeper insight into their
students’ educational condition. A first step is to conceptualize human beings, across space and
time, as bound together by fundamental human habits of mind, modes of meaning-making, and
problem solving. Simply put, our students, all of our students, are bound together and to us by
our humanness. No matter how scattered student thinking seems on the outside, at the core, we
find those commonalities that both connect us and that have the capacity to develop into
countless permutations.

Statement of the Problem

My academic purposes for this study are to first, make visible the philosophical analyses
of SL and reflexivity as they have been deconstructed within the socioscientific field of study.
This required conceiving these concepts as deconstructive predicaments (see chapter four),
which can be scrutinized for varying purposes including: revealing hegemonic, oppressive,
influences of subordination and marginalization. I also connected and utilized these
philosophical explorations to describe, analyze and advance Socioscientific Literacy as a cross-
curricular, student centered, possibility for education.

Students from all walks of life in the US are alienated, confused, and intimidated by
science (Furman, Barton & Muir, 2012; Shahn, 2002). Many adolescents in the United States are
marginalized members of enclave communities, yet in the year 2020, they should have
opportunities to be connected with social networks that can potentially span the globe. How do
we ensure that we help students be well-informed, moral, compassionate and critical thinking
citizens of the 21 century, instead of passive receptacles of information simply acting as the

status quo dictates?



These questions, and their many corollaries, lead to a major problem for education; what should
the goals be for (science) educators in the twenty-first century? Perhaps more importantly, what
are the responsibilities of science educators working with students in ever fluctuating pluralistic
societies?

As a group of science researchers and educators, attempting to make positive changes in
our classrooms around the world, we must continue questioning those aspects of our practices
and perspectives that we take for granted, such as our main goals, the systemic nature of our
decision making, our responsibilities to our students, and ultimately, question if our choices are
best for the students or best for society, and how might these two be in conflict. While empirical
research may help to examine these issues, this paper argues for a more fundamental, analytical
understanding of the constructs themselves on which empirical studies are situated. This required
an analysis of key constructs, concepts, philosophies, and norms that, through a cloud of rhetoric,
have been obscured and go unchecked. It has been pointed out that a lack of conceptual clarity
can erode the validity of a concept and hinder theory development; a remedy to this, includes the
use of more philosophical approaches such as conceptual analysis (Kahn & Zeidler, 2017).
Background of Key Concepts

Beyond being alienated from westernized science, students may not recognize the
parallels between the types of thinking and acting they practice daily with those that are
espoused and encouraged in scientific contexts (e.g., well-informed decision making, systematic
testing, practice of certain habits of mind). Coupled with this is the question that if relatively few
students enter the scientific community, what should be the goals of science education?

The Socioscientific Issues movement addresses this concern in promoting the development of

functional scientific literacy (FSL) (Zeidler, 2014), the practice of reflexivity (Green, 1999), and



presenting science as inextricably woven into the fabric of our sociocultural tapestries (Zeidler,
Berkowitz & Bennett, 2014; Bencze et al, 2020).

These aspects of the SSI movement have the potential to move beyond the realm of
school science, and connect educators of various fields. Kahn and Zeidler (2019) have recently
posited in reference to promoting functional scientific literacy through the SSI framework:

While the SSI framework is positioned in science education, we suggest that other

disciplines that frame pedagogy in a sociocultural context may benefit from this

conceptual framework and the analytic approach we employ to uncover gaps in its
relevant constructs. In many ways this philosophical endeavor is an examination of this
possibility of expanding the SSI framework and functional scientific literacy outside of

science education. (p. 608)

In the following sections, SL and Reflexivity, will be briefly introduced, and expounded
upon in later chapters. In addition, the “rhetorical” nature and possible dehumanization of
dominant science education objectives, will be discussed. Finally, an emerging Socioscientific
Literacy will be introduced as a reimaging of educational objectives through the SSI framework.
Scientific Literacy

I previously posited the following question: What are our goals as science educators and
what should they be? The debated concept of scientific literacy has been shaped and reshaped
(Laugksch, 2000; Holbrook & Rannikmae, 2009; Roberts & Bybee, 2014) for many years, and is
a contentious topic of discussion in the science education literature. However, it is often
considered the uber goal for science educators.

There are many iterations of the concept; however, how “scientific literacy” influences the

design and implementation of daily science pedagogical practice is not often discussed.



Douglas Roberts (2007) presented two visions, as opposed to definitions, of
scientific/science literacy. The first vision (Vision I) is focused on the canonical nature of
science, or the products and processes of science, that tend to guide the formulation of science
benchmarks and standards (Robert, 2007 p. 730). Vision II is focused more on developing and
understanding of science related situations that students may encounter as citizens (Roberts,
2007 p. 730). Aikenhead (2007) adds to this discussion by suggesting a Vision III promoting the
pluralizing of scientific literacy to reflect the dehegemonizing of Euro-American science, to
include indigenous and neo-indigenous sciences (Aikenhead & Ogawa, 2007). Holbrook and
Rannikmae (2009) posited visions of scientific literacy that are related to functionality within
society, and sides with those researchers that see scientific literacy as a means to cultivate
interaction and decision-making skills (particularly when considering SSI) while also fostering
personal development. Roberts and Bybee (2014) recently extended Roberts’s original work
(2007) and made explicit the contribution of the SSI movement to vision II of scientific literacy.

Zeidler (2014) established the concept of functional scientific literacy (FSL) to
underscore and rectify the disconnects among science education, moral growth, reflective
reasoning, and the development of character. This suggests that functional scientific literacy is
sensitive to alternative and normative views of SL, as well as contextually and culturally
responsive to the need of the learner (Zeidler, 2014; Zeidler & Sadler, 2011). Functional
scientific literacy has also been likened to the practice of Socioscientific reasoning (SSR), which
represents the identified core competencies necessary for individuals to grapple with

Socioscientific issues (Sadler, Barab & Scott, 2007; Zeidler, Herman & Sadler, 2019).



Through the practice of SSR, it is claimed that students may be prompted to cultivate functional
scientific literacy, while practicing to become engaged productive citizens (Zeidler & Sadler,
2011).

Reflexivity

As will be discussed, “reflexivity” has many forms, and it has been deconstructed and
displaced within numerous fields of research. While specific forms germane to this endeavor will
be explored, ultimately the roots here can be traced back to the Reflexive Turn in the social
sciences (Geertz, 1988; Emerson, 2001). This philosophical stance and approach required the
researcher to no longer think of the collection, analyzing and interpreting of social realities to be
a purely objective pursuit. Instead, researchers began to recognize the “reflexive” nature of
reality; as they collect, analyze and interpret information from specific contexts, they are also
influencing, shaping and being shaped by the “reality” they are researching (Emerson, 2001). In
the present study, the same reflexive nature of social research, can be applied to the activities of
learning and figuring out in the classroom; reminding teachers and students of their abilities to
affect their own realities.

The SSI movement operates upon a theoretical framework influenced by psychological,
sociological, and philosophical perspectives (Zeidler, Sadler, Simmons & Howes, 2005). The
concept of “reflexivity,” borrowed from the social sciences and philosophy, is utilized in various
forms within the SSI context. In the following chapters, “reflective” and “reflexive” will be
contrasted, and framed in various ways, to illustrate their possible roles in the development of
socioscientific literacy; however, the “reflexive” will be the main focus.

Reflexive judgment has been identified as a process which guides the decision-making of

individuals grappling with SSI. Green (1999, p. 21) describes conscience as the practice of



reflexive judgment on those things that matter. Reflexive judgment can be described as the act of
turning judgment upon oneself through the self-analysis and awareness of one’s own reflexive
emotions (Green, 1999). Green connects conscience as reflexive judgement with Taylor’s (1985)
work on the emotions: pride, guilt and shame, which we often structure as cues to the learned
morality of a decision or behavior. The possible awareness and consideration of emotive
dynamics of human thinking and acting, is one component of FSL which indicates an
application/need beyond the science classroom.

Reflexive thinking is often defined as thinking about one’s own thinking, or turning one’s
thinking back upon itself (Green, 1971). The concept of reflexive thinking as directly connected
with analysis in general, as well as everyday thinking and acting will be contrasted with differing
reflexive activities that help support the formation of FSL and SsL. In addition, reflexive
thinking will be juxtaposed with reflexive judgment in order to determine the interfaces of these
two constructs, to better understand the role of reflexivity in the practice of Socioscientific
Reasoning (Sadler, Barab & Scott, 2007; Zeidler, Herman & Sadler, 2019). Finally, reflexivity
will be examined in relation to Green’s (1999) claim that the three features of conscience are,
particularity, reflexivity and associated “moral emotions,” to better clarify the relationship
between conscience and the development of FSL. While “conscience,” is not the specific topic
under scrutiny, it will be used throughout this inquiry to contextualize reflexivity in relation to
reflexive judgment.

Science Education Goals

Science education has been characterized as a filter, a sieve, or pipeline (Aikenhead,

2006a), which sorts our students into two monotone categories; those people that will be

“scientists” and those that will be alienated from science. Inevitably, this sort of approach is



contrary to modern views of scientific literacy, or at the very least relies heavily on Robert’s
Vision II to guide pedagogical practices. This type of implicit hegemony can be uncovered
within the rhetoric that connects the westernized school science community, as well as
reflexively evaluated as one’s own systemically influenced beliefs (Shume, 2015).

Consider the often-used slogan, “think like a scientist,” and while it can be interpreted in
differing ways, within this slogan is an implication that all scientists think alike, or perhaps a bit
more revealing, it suggests that all scientists should think alike. Slogans such as “think like a
scientist” and in many cases, even the concept of “scientific literacy” (Holbrook & Rannikmae,
2007; Williams et al., 2004), may be utilized to dehumanize science, and act as rhetorically
constructed boundaries (described below) which may keep students from recognizing that their
own everyday personal epistemology is directly related to scientific thinking.

Consider, the basic process skills that scientists may conduct such as: observing,
inferring, predicting, and hypothesizing. Activities regularly practiced by human beings around
the planet, whether they identify the tasks with westernized scientific language or not. This is
perhaps more evident in relatively broad sense-making strategies reflected by the science and
engineering practices and cross-cutting concepts promoted by the three-dimensional learning
approach to figuring out science disciplinary core ideas (NRC, 2012).

These include: Science and Engineering Practices 1. Asking questions (for science) and
defining problems (for engineering); 2. Developing and using models; 3. Planning and carrying
out investigations; 4. Analyzing and interpreting data; 5. Using mathematics and computational
thinking; 6. Constructing explanations (for science) and designing solutions (for engineering); 7.
Engaging in argument from evidence; and 8. Obtaining, evaluating, and communicating

information. The Crosscutting Concepts entail: 1. Patterns; 2. Cause and effect- Mechanisms and



Explanations, 3. Scale, proportion, and quantity; 4. Systems and system models; 5. Energy and
matter; 6. Structure and function; and 7. Stability and change.

For all intents and purposes, this should be an opportunity to demonstrate the broad
reaching skillsets that humans have been utilizing to survive and thrive on this planet for millions
of years. Instead, through semiotic rhetoric, a debilitating boundary is constructed and reinforced
by referring to these practices as belonging to scientists and engineers as opposed to also
emphasizing, they belong to an array of human activities. Emphasizing the latter brings our
students’ attention to the fact they are already utilizing similar practices and concepts to make
sense of their everyday lives. While the rhetorical boundaries may not be physical, they can have
the effect of making science seem inaccessible, and in many ways, irrelevant to everyday living.

For the uninitiated, science is often framed as a foreign and unfamiliar way of thinking.
Even worse, teachers may convince themselves that some students simply can’t learn, much less
practice scientific thinking. Educational systems, as are many social institutions, are wrought
with rhetoric adopted and operationalized. A few examples of these rhetorical boundaries as
they exist in the classroom include, multiple tracks for science studies (honors, gifted, regular,
intensive), the labels utilized to mark students (emotionally and behaviorally disturbed, “special
education,” “low” level, “high” level), and the segregation of school disciplines.

Each of these labels are perpetuated by the transactional rhetoric that occurs within and between
fields of study, practice, and differing aspects of our sociocultural contexts.

In many cases these “words” may flow from good intentions. However, when critically
examined, these labels and boundaries can prevent students from realizing that they are already
thinking and acting in a scientific manner when they are practicing everyday problem solving

and decision making. Also, when we read against the text (Derrida, 1974), where we seek to



uncover and bring to light words that may conceal embedded contradictions, tacit meanings and
hegemonic forces obscured by the text, these words (semiotic functions) can appear to be
constructed so to maintain the structure and function of society as opposed to helping individuals
recognize and meet their own potential. For instance, the skill-sets of many students, while often
unrefined by formal scientific standards, are invisible to many current educational approaches to
assessment, despite having a rooted connection with the practice of science.

A fundamental premise that will be unpacked and explored, and on which this study rests,
is that thinking like a scientist is thinking like a human, and while this may appear as obvious or
ordinary, we must make the ordinary strange (Green 1999, p. 151) in order to deeply and
uniquely investigate that which we often take for granted without scrutiny. This is not to say that
thinking like a human at all times, is thinking like a scientist, as it would be making narrow that
which is broad. Instead, as will be explained below, concepts such as “thinking like a scientist”
are colonizing moves, which claim for science, human capacities that are not monopolized by
science. Moreover, by privileging scientific thinking (thinking like a scientist), over human
thinking (thinking like a human), other aspects of humanity are obscured, made alien, or
seemingly unacceptable or impossible in some contexts. In the classroom, this can also lead to
alienating students, by framing the thinking of science to be both supreme and foreign.

If there is any degree of merit in this claim, then it would compel us to reimagine the goals of
present-day science education, reshape our approaches and contexts so that students may not just
recognize, but forge their paths into science and life within our pluralistic societies.

Human beings have been and continue to practice modes of information collection,
analysis, learning, experimenting, debate, decision-making, and problem solving all over the

globe; with or without formal westernized education. The roots of these activities are the same
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modes of thinking and acting from which science has developed. While some researchers have
claimed that it does not “help” to call various forms of thinking, “science,” (El-Hani & Bandeira,
2008) the purpose of this philosophical approach is not to solidify labels, but to instead
problematize and peer through them to see the human connectivity they obscure. Humanistic
connections can prompt all students to recognize that, as members of a global human
community, science is not foreign to them.

It has been suggested that the STEM (Science, Technology, Engineering, and
Mathematics) initiative is operating upon a deficit framework (Zeidler, 2014), which is indicated
by portraying the major purpose of science education in terms of job preparation, economic
growth and national security (Zeidler et al., 2016). This isolates science from the arts,
humanities, various forms of human thinking/representation, and from many students. Because
of this, science remains quarantined by antiquated and dogmatic views quelling student
opportunities to become reflective, reflexive, critical, creative and open-minded human beings.

Recently, Zeidler and others (2016) have warned the science education community at
large that sociocultural roots of education can no longer be ignored, and that current programs
must lead teachers and students to recognize the crucial role of compassion, emotive reasoning,
reflexive reasoning, perspective taking and conscience in the formation of scientifically literate
citizens. In other words, we must make visible the connections between humanity and science.
The following suggests that we, as educators and science education researchers, must continue to
push the quest forward by “sifting-through” the humanistic soils in which sociocultural systems

are rooted.
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Reimagining Goals Through the SSI Framework: Socioscientific Literacy (SsL)

Socioscientific issues approaches can help connect learning in school with everyday
living, as the topics are broad in scope, and relevant in differing degrees to the everyday lives of
students. It has been argued that the same skillsets: habits of mind, modes of thinking, sense of
conscience, weighing of evidence, problem solving, and decision making, that are required to be
scientifically literate, should be practiced by students in the various contexts of which they are a
part (Zeidler et al., 2013). Subsequently, the findings indicate that there are common elements of
epistemological beliefs that connect social groups in terms of how people frame, justify and
negotiate SSI (Zeidler, 2014).

Consider the aforementioned complement of practices employed by students conducting
SSI learning, referred to as socioscientific reasoning (SSR): recognizing complexity, considering
multiple perspectives, conducting on-going inquiries, being skeptical, and most recently
affordances and limitation of science (Sadler, Barab & Scott, 2007; Zeidler, Herman & Sadler,
2019). These practices in relation to the history and continuity of humanity may be a priori to the
negotiation of SSI in the classroom, in that they reflect common human practices employed
throughout space and time. To one extent or another, human beings have long been analyzing the
complexity of problems, attempting to consider the views of others, recognizing that they learn
new things through exploration/trial-and-error, practicing some sense of skepticism and
recognizing limitations of their problem-solving approaches.

The thinking and acting required of students grappling with SSI reach beyond the
apparent realms of science; demonstrating the humanistic rootedness of the SSI movement and
representing the potential to identify a common datum point for education in general. By

rootedness, I am not only referring to the sociocultural attachments that each of us acquire
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through enculturation (Green, 1999). I am also referring to humanistic “rootedness,” which is
recognizing that all human modes of thinking and activity, even those considered innovative or
unique, are connected because they have been constructed from the same mental raw materials
that have helped human beings survive for millennia. The concept of human rootedness, as the
basic commonalities of being human, is suggested here as a point at which all educators and
students are connected, no matter where they may be in the educational-verse.

The research generated by the SSI movement in theory and practice, suggests that
teachers and students are able to blur boundaries through awareness garnered while grappling
with messy, multifaceted local and global issues. The progression of the SSI movement suggests
that it does not have to be exclusive to science education, but instead can connect with and unite
multiple disciplines of thought and inquiry. Here, SsL is offered as a way to visualize the
universal components of FSL, and how students might individually formulate coherent
understandings and knowledge in relation to shifting contexts that are maintained by educational
structure, function and dissemination.

Research Questions

Here, the concept of a “research question” is utilized as a rhetorical marker in order to
bring some degree of focus to what can be characterized as a “messy” construct. The purpose of
this philosophical endeavor is to scrutinize SL, and reflexivity, as they are formulated,
conceptualized and deconstructed within the SSI movement.

It will eventually be argued that through the analysis of these areas, one can trace the
connectivity between FSL, reflexivity and the development of SsL.. This endeavor incites the
formulation of many questions, however, the three essential questions I have selected for this

inquiry and their rationale are as follows:
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Research Question 1

What are the boundaries and overlaps of scientific literacy (SL) and functional scientific
literacy (FSL) within the Socioscientific Issues Framework?

Rationale (RQ1). Scientific literacy has now become an obscuring concept for science
researchers and educators (Feinstein, 2010). Furthermore, it is not clear that the varying forms of
scientific literacy are recognizable by teachers practicing in various science disciplines. Given
this mismatch between SL and our practice, there is an open question as to how closely SL
connects to philosophy, research and the practice of science teaching. Here, it is suggested that
science education researchers must question the appropriateness of SL, as it is often understood
by practitioners, researchers, and policy makers as the major goal for science education (Roberts
& Bybee, 2014).

Functional scientific literacy has been constructed in reaction to sterile conceptions of
scientific literacy which dislocates science from a sociocultural context, moral and ethical
decision-making, and disregards epistemological orientations. Functional scientific literacy, or a
SSI functional perspective of SL, while well described (Zeidler & Keefer, 2003; Zeidler &
Sadler, 2011), is not particularly well known by the science education practitioner community,
and has not been readily distinguished from other forms of scientific/science literacy. FSL has
been likened to the practice of SSR, and it will be argued that the core of FSL reaches beyond the
domains of science. In more than one case, the construct of scientific literacy has been radically
shifted toward a humanistic approach, emphasizing sociocultural aspects of science education
that are not necessarily purely “scientific,” but are part and parcel to SL (Zeidler & Sadler 2011;
Holbrook & Rannikmae, 2007). Socioscientific literacy will be shown to be a natural extension

of FSL toward more inclusive science and social science classroom contexts.
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Research Question 2

What are the major distinctions of the reflexive activities connected to the SSI
framework?

Rationale (RQ2). Reflexive judgement, reflexive thinking, reflexive reasoning, and
simply reflexivity are terms associated with SSI literature. In relation to research question one,
reflexive judgment and reflective judgment are explored as practices that lead to the
development of the moral context for Socioscientific Perspective Taking (Kahn & Zeidler,
2019), which is integral to the practice of SSR. Here, the suite of reflexive inquiries promoted by
the SSI movement will be connected with reflexive awareness. Reflexive awareness (RA defined
below), can be seen as the consistent use of general reflexivity to recognize and critically
evaluate how information and evidence from our natural and fabricated environments interact
with and influence us. This will result in students who are aware of the forces that shape them,
and more importantly, how they themselves can shape their realities (also discussed below).
Ultimately, the cultivation of reflexive approaches in our students and as aspects of SSI learning
modules, can help them develop ways of thinking and acting that transcend classroom contexts.
This in turn, suggests that current goals for science education may not fully represent the
responsibility of educators in a pluralistic society.

Research Question 3

What aspects of functional scientific literacy (FSL) can lead to the conceptualization of
socioscientific literacy (SsL) as a goal for education in general?

Rationale (RQ3). The conceptualization of SsL is influenced by pedagogical
experiences and connections with current SSI research. In other words, SsL reflects the

interconnectedness of overarching themes found in literature and practical educational pursuits,
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which calls for a focus on the awareness of shifting contexts in relation to the nature of evidence.
This will require not only the philosophical exploration of FSL and reflexivity, but also an
analysis of how these aspects interact within differing contexts. The broad scope of SsL will be
explored to identify the aspects that can aid educators in eliminating or assuaging the symptoms
of the deficit frameworks that render science inaccessible and foreign to most students.
Socioscientific literacy will be framed as an extension of FSL, opening up possibilities to
connect with other school subject domains.
Reflexive Statement

Before reviewing the relevant literature, the following is a reflexive statement that will
serve multiple purposes. First, the statement is used to clarify my positionality, which in general
connect with varying aspects of my life and personal experiences that either implicitly or
explicitly influence my work here and elsewhere. Second, through this statement I appeal to the
intended “audience,” by modeling the sorts of reflexive honesty that is discussed in the later
chapters, and the vignettes in these following sections can be seen in connection with the
autoethnographic sketch in Chapter 6 (here, the intended audience are teachers, but more
specifically, teachers’ personal philosophies of teaching). Third, it is an example of the literary
devices that will be utilized throughout this paper, as a means of philosophical exploration.
Finally, while the stories included in this statement are focused on “me,” the author to provide
insight, they illustrate experiences that only became noticeable through my practice as a teacher,
which required at the very least, a nascent, reflexive awareness.

Intended Audience. A reflexive statement requires an honesty, but not the sort that is
directed toward convincing the reader. Instead, it requires the type of honesty that it used to cut

deep within oneself, in a manner that can hurt, yet perhaps lead to transformation. This statement
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serves multiple functions, yet the meaning which is ultimately drawn is not mine alone; just as
the experiences themselves are not mine alone. While personal connections must be made for
this sort of work, I limit most of it within the realm of education. The first function of these
statements is to make known the intended audience. I imagine this audience as Teaching
Philosophies; a teacher’s, theories, beliefs, values, and intentions pertaining to teaching/learning.
These philosophies constantly affect the teacher’s thinking, acting, emotion and pedagogy as
well as ways of negotiating and making sense of their educational condition.

I am not suggesting that this reflexive statement is such a philosophy, but it contains
within it the constituent connections and origins of my own philosophies of teaching/learning.
Therefore, above all, this contribution, if one chooses to see it as such, is directed at inciting a
reflexive awakening through the constant process of formulating these philosophies of
teaching/learning, as we (human beings) become teachers. This entails a scrutinizing awareness
of the theories through which we see the world, so we can construct/extend them in the face of
the classroom phenomena (Burawoy, 2009) that constitute the educational condition in which we
find ourselves.

The next function, is to expose my own biases, pre-judgements, ethnocentrisms that are
always, at least residual, in relation to what has been termed sociocultural rootedness.

I am, as we humans often are, rooted from birth, and conditioned through particular enculturation
processes, which are inevitably connected through overarching systems of control. I am from the
foothills of the Appalachian Mountains of North Carolina, where I was educated in a rural school
until grade three. At that time, I relocated to Florida where the remainder of my formal education

unfolded, at other rural schools on the Western central coast.
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I have two degrees in applied anthropology, both from the same department at the
University of South Florida. My main focus was on anthropological archaeology, however,
throughout my studies I continually drifted toward education; a fact that some in the department
lamented. One professor proclaimed, “is this even research, I mean, anyone can teach.” The
statement has grown in hilarity over the years. My interest in education eventually led me to
teaching in a public school, specifically a renaissance, Title I, middle school within a fairly large
city. In retrospect, I could speak of how teaching and I, at first, seemed at odds. For the first two
years of teaching, many of my days ended with my face in hands, wondering, “what have gotten
myself into, and what am I going to do?

Then, as if two opposed forces fell into agreement, I realized that teaching, and “being a
teacher,” is more than what you see on TV, read about, study, or gleam from personal past
educational experiences. It is obligation and meaning simultaneously. Once that shift is made,
the very position of being a teacher is problematized. This is further exacerbated within higher
stress schooling situations, that require the decentering of public-school objectives for those of
personal and community healing. I began to think that many common practices, even those that
are ostensibly empowering, can often become obstacles, burdens, and indelible psychological
dispositions that our students must face, carry, and live with. Nevertheless, this did not become
despair, but instead purpose.

Personal History. My own teaching experiences are brought to bear in various forms in
all that follows; however, for this reflexive statement, I offer a tapestry of stories, which
encapsulate the essence of my own educational past. Through the brief history of how I
remember my education, I think that more than biases, prejudices, and even ethnocentrisms are

exposed. These stories make apparent the origins and shaping of the deeper resentment that I
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hold toward educational systems, and the ill-effects I believe they cause all of our students. It is
from this resentment, that I have found inspiration and motivation toward trying to cause a
positive change on some levels in those systems of which I have worked.

My history with education, and its systems, are suspect. The entire ordeal would seem
trivial, if it were not for the fact that many of the experiences will later prove to be the reasons
for the voices that echo through my head as I move from moment to moment. A reflexive
statement in general would provide you with my basic academic, perhaps somewhat personal
background. The following are narratives of my life, which seem to be connected to common
threads of experiences and later points of reflexive evaluation. Of course, I will change or omit
some details so to protect the actors in the stories. This is to respect the fact that just as these
stories do not wholly define me as a student or teacher, the others involved, also, should not be
wholly defined by their actions and words that took place within a snapshot of their/our lives.
After all, these are interactions of our own personal deconstructive predicament.

Pocket Full of Sunshine. Her room always smelled of cotton and disinfectant, as far as I
could define it from a brief moment in the infirmary at a summer day camp I had attended just
before the school year. I recall the wooden blocks that littered the corner of my kindergarten
class. I would gravitate toward them each day, and I remember thinking how amazing it was that
Ms. D would let me build things, even when the others had to sit around the table and read aloud.
“Pocket full of Sunshine” was the name of the book. I would listen to them struggle with the
sounds of the words, they looked embarrassed, and I was glad that I wasn’t in their place. “You
can learn to read this next year, now go and play with the blocks.” I remember being content, yet

isolated and alone. Still, I felt lucky to have a teacher like Ms. D.
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My mother worked at the school as a teacher’s aide, and one afternoon, I heard her
raising her voice with one of the teachers in the backroom. She burst through the heavy wooden
door; if it didn’t have hinges it would have exploded, and the sound it made probably made
others elsewhere, think that it did. She had stacks of books, tucked under her arms, and she
looked angry, to the point where I knew it best to say nothing. She just said, “let’s go.” |
followed her, and we walked home, which at the time was my granny’s house; a warm comfort
from the outside cool fall air. My mother talked with my granny for a while in the kitchen, she
was upset with something that Ms. D had said, but I didn’t know exactly what. I did know it had
something to do with those books. “He will learn, if we have to sit in there all afternoon every
afternoon.” Soon, what that meant became a well routed routine; we would spend every
afternoon reading, what I remember to be, boring books, about Dick and Jane, and their dog spot.
It was tedious, but in time I was stating the words out loud, and it was obvious to me that it made
my mother happy.

It wasn’t until many years later that light was shed on Ms. D. When my mother observed,
for the last time apparently, that I was playing with blocks during reading time, she asked Ms. D
why. Ms. D told my mother that no one could teach me how to read, and once it got a bit heated,
she told my mother that at best, I would grow up to be a “functioning retard.” I feel lucky that
my mother channeled her anger into teaching me, as opposed to into Ms. D.

Nevertheless, my entry into the systems of education, was paved with wooden blocks, and it was
anything but, “A Pocket Full of Sunshine.” Later, I would recognize how this experience
affected my way of being as an educator and once it was brought to light, it began my honest

path toward teaching.
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Vincent and the Idiot. The art room, actually smelled like a dry cleaner that I visited
with my kindergarten class; it was both familiar and off-putting. My senior year of high school, I
would not be classified as a good nor a bad student in most cases. The day was lingering, just as
any day leading up to the last day of school might. There were only a couple of minutes in class
remaining and at that time students were standing-up in groups, already discussing what they
would be doing on the weekend. I stood in front of a reprint of Van Gogh’s, “Self-Portrait with
Bandaged Ear,” thinking about the story that the teacher had previously told us. Luckily for me
she was standing nearby. “Ms. P, I thought you said that he cut his left ear, it’s his right ear in the
painting.” A slight smile, accompanied by an odd arrangement of her eyes and brows, struck me,
as if | had said something wrong, and a feeling of near paralyzing awkwardness rushed through
me. All I could think was, “I should have kept my mouth shut.” With a bit of a snicker she told
me that he was looking into a mirror when he was painting. I asked her to explain, because the
entire idea, which is common to me now, was not making the sense she thought it should. “Come
on, he’s looking in a mirror, so he sees it on the other side.” I must have looked confused,
because her smile had changed to a look of frustration, one that I had seen on more than one of
my teacher’s faces. “It’s a mirror, you look in the mirror every day!” I just looked down, and my
mouth would not function from the embarrassment, I said “yeah, yeah I know I know, it will
make sense to me later- when I see it...”

She put her arm up to cut me off, as if she was directing traffic, and turned toward the
class in one motion. I thought she was about to tell me not to worry about it. Instead, she
exclaimed, “Class, class, give me your attention!” All of the students fell into silence. I
remember that year Ms. P was the teacher of the year, and the students generally respected her,

so they all gave her their full attention in that moment. She raised her hand above my head, so
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she could extend her index finger to point down at me, and continued, “This, class, this is an
example of an idiot!” Everyone, including me, looked stunned, as the bell sounded like thunder
in the now uncomfortable silence. She looked at me with scorn as I quietly, without retort, left
the class. The following day, was the final exam for that course, to which we only had to attend
if our grades were low enough. As I approached the room to enter, something I was not looking
forward to doing, she put her arm up to block the way. “You don’t need to be here.” Certainly, I
looked puzzled, “but I’'m pretty sure I have a low grade.” Without hesitation, she said, “no you
don’t, you can go.” In retrospect, I am not certain if Ms. P excused me from the exam because
she was scared, guilty, or fed-up with seeing me. I do know that I did not have to take the final
exam, and I received a higher final grade than I previously had. I wish I would have taken the
exam; I should have stayed, but as a senior in high school I welcomed the out.

Bothering Unimpressively. As I approached the office door, I remember thinking how
it smelled like a basement, and then noticing, as if for the first time, that everything, all of the
fixtures, furniture, even the ceiling tiles, were 20 years out-of-date. I wasn’t necessarily sure
what would happen when I entered, I knew there had been a few “issues” here and there, but
overall, I thought it had gone well. I was happy to finally complete my MA in applied
anthropology. I knocked on the door, and as usual he opened it, stood to the side, and welcomed
me in. I took the usual seat, and was prepared to ask, what I had come to ask.

He seemed fairly distraught, and I knew he had relatively recently suffered a family
tragedy, so I was cognizant of my tone and approach, more so than usual. The general banter was
forced; the weather, how’s your research going, and the like. I simply began to talk about

moving on in the department, and the tone changed. In some ways it all became hazy and two
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specific moments stood out ringing like bells that were enshrouding my head, and the speaker
was using a baseball bat to drive home the point.

“You ask questions that bother people. They can seem disrespectful to others,” I let the
words hang in a silent embrace, until he broke with more, “It doesn’t look good on me.” I tried to
think of this in a judicious manner, holding myself accountable, “I really don’t ever mean to
make you look bad, or to be disrespectful.” I really didn’t know what to say, the emotions were
high, on both sides. “I just question things a lot, not always out loud, just to myself most of the
time,” the words I spoke seemed not quite right, but nonetheless a reflection of how I was
feeling. He responded, “You do, you question. Let me tell you though, if you keep doing that...”
he looked away for the words, “well you can drive yourself crazy.” He was sincere with his
words, which made the following almost sting. “Moving on is easier, if you impress someone,
build a relationship.” During this pause, I was thinking, as you might expect, about what kind of
relationship he and I had. It apparently wasn’t what I thought. Then he told me like a scratching
record, “you... you just didn’t impress anybody.” I sat still, thinking of the blocks, of Vincent, of
what this would look like through a mirror.

Not long after this encounter, I became an educator. At first, I was an ally of the
educational system, but I soon realized the same issues that haunted me as a student, continued to
negatively impact the people I was trying to help. The auto-archaeological sketch that begins
Chapter 6 (See page 141) would serve best as the bridge to the next story, since that sketch tells
the story of my own teaching epiphany during the first years of my career. However, those
connections are made apparent later, here instead, is a story from my last year as a teacher. |
have focused on a specific moment where my suspicions, which had become inflamed through

the years, were sadly actualized.
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The Professional Standard. The desk that sat between us seemed vast, as if we were
separated by a continent. The room smelled institutional; a smell you might know from working
in school system. As a teacher within a system, I understood the “reality” of standardized testing.
I was not a proponent, and I often spoke out against the monopolization of time, technology, and
efforts that these assessments consumed from a painfully, finite school year. In addition, these
measures are not only connected with the pay teachers receive, I viewed teacher evaluations as
tactics to bully educators into submission. Certainly, I may have been incorrect, but I had
become sure of one thing as a teacher, within education, almost no one has a “voice. ” Not
students, teachers, perhaps not even administrators. There is but the illusion of having a voice
achieved by setting and measuring goals within your own space.

She said, “I know you see these things as problems, but you are a teacher... so you need
to stick to teaching.” I felt like the statement wasn’t meant to intentionally upset me, but either
way it did just that. “I speak up because it’s part of being a teacher. To do that for the teachers
and the students that don’t have a voice.” She was actively shaking her head in disagreement as I
spoke, yet I continued “We should give voice to the voiceless. Seek out and try to stop
injustice...” she put her hand up like a school crossing-guard directing traffic. “Let me stop you.
It’s not your job to seek out injustice,” she gesticulated air quotes; “and isn’t to give voice to the
voiceless,” still gesticulating. “It’s your job to teach, that’s it.” Leaving that office, I realized that
my relationship with education and its systems is still suspect, to say the least.

Summary

One of the purposes for this study was to make visible, through varying textual devices

and maneuvers, what I term throughout this paper, the deconstructive predicament of scientific

literacy. Additionally, I explore the possibilities of opening up reflexivity and the other
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competencies of SSR, in order to develop, characterize and present the (de)construction of SsL.
The philosophical queries are drawn from varying sources of text, information, and experiences
including cases borrowed from my own student and teaching experiences as well as ethnographic
sketches.

The socioscientific movement encourages students, educators, and researchers to
recognize science as couched in the human condition (Zeidler, 2014). When exploring SSI,
students are prompted to conceptualize science as being inextricably tied to the sociocultural
contexts in which, and from which, they are being viewed. There is always the implicit intention
of prompting students to explore the connections between science and their everyday lives,
through the development of intersubjectivity and reflexivity. When students work together to
grapple with SSI, they are provided the opportunity to examine their world and themselves from
multiple perspectives (Kahn & Zeidler, 2019).

It has been shown that students demonstrate their abilities to be compassionate toward
other human beings and conditions, yet they are often unable to see themselves as responsible
global citizens when grappling with socioscientific issues (Lee et al., 2012; Lee et al., 2013). For
example, students may recognize that people suffer because of the actions of others, yet they
tend to prioritize economic profits of their own country as opposed to considering how their
decisions may impact other peoples in various places in the world (Lee et al., 2012; Lee et al.,
2013).

It has also been demonstrated that when students are negotiating SSI lessons, they tend to
evoke their own views of right and wrong, their own personal moral/ethical/social values, and
they rely on their personal beliefs (Lee et al., 2012). This can guide students to developing

empathy for others, but may also prompt a student to strengthen the line between themselves,

25



and that which is “other.” Leading students and teachers toward the development of reflexivity
can help each of them critically scrutinize their own situation while gaining a better
understanding of the situations of their fellow humans in the process.

Humanistic progressive science education should not only instill scientific literacy
(Roberts, 2007; Zeidler & Keefer, 2003; Holbrook & Rannikmae 2009; Zeidler & Sadler, 2011)
nor make evident its necessity for empowerment in the twenty-first century (dos Santos &
Mortimer, 2002; dos Santos, 2009), but also help students explore and connect skill-sets and
modes of thinking and acting that transcend contexts. It is argued that educational prudence
would entail that these forms of transcendent schema be buttressed by a general practice of
reflexivity, including reflexive thinking, reflexive judgment (Green, 1999), reflexive reasoning,
and other reflexive driven inquiries. “Students need to be educated as whole human beings in
relation to the world they inhabit, who are not only intellectually competent but also sensitive to
ongoing global SSIs that affect others in different regions of the world”(Lee et al., 2012, p. 927).

Finally, this philosophical work is not meant to serve strictly as an argument, clarifying
agent, or generalized report. Instead, it is a way to tell a nearly ineffable story that has been
formulating throughout my life as an educator and learner. It goes beyond questioning our
practices as teachers; moving towards critically, honestly evaluating our teaching philosophies,
and recognizing how these “philosophies” shape our instruction and interactions with others.
An awareness of the reflexive relationship that teachers and students share with each other and
their educational condition, is a step toward recognizing our abilities and obligations to
positively influence our students and to problematize and change the systems of which we find

ourselves at their mercy.

26



Chapter Two: Literature Review

Introduction

The socioscientific movement has led researchers from around the world, to develop
various contributions to the field of science education. SSI are utilized as contexts in which skills
valued by mainstream science can be practiced, while simultaneously promoting student
comprehension of science concepts. SSI help to address Vision I scientific literacy, and at the
same time foster Vision II. Nevertheless, SSI go beyond these visions and those skills valued by
the scientific community, to tap into sociocultural thinking, acting, and interacting. It promotes
student/teacher connections as human beings, and brings into question epistemological
orientations, ethics/morals, and ultimately what it means to be a global citizen in the twenty-first
century through functional scientific literacy (Zeidler, 2014; Zeidler & Sadler, 2011), which
encapsulates these ideas.

Socioscientific literacy extends from FSL and other SSI constructs, and connects with
several aspects of education related to a host of human interactivity. The focus of this literature
review describes a possible path to SsL, while highlighting how the idea has been cultivated
from the work of SSI researchers, social scientists and philosophers. In order to provide more
context and connect with an underlying centrum of science education, the first section addresses
notions of humanizing science education and humanistic science. The remainder of this chapter
is comprised of brief sketches, focusing on the two main concepts under scrutiny: scientific

literacy and reflexivity.
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In the case of SL, the purpose is to focus on the connections between the SSI movement and the
displacement of SL toward FSL. The concept of reflexivity, is connected with interpretations
found in philosophical and social science literature. In addition, reflexivity is contextualized
through the survey of practical applications, including those connected to SSI. In chapter five,
reflexivity and reflection will be contrasted and connected with fields of practice, and framed in
a more generalized manner.

Humanizing Science and Science Education

All of science is codified and transmitted through human communication, which while
vastly expanding, is in itself a restraint. From the semantic surface to the intrinsic characteristics,
everything about science is human. While the word itself, and its modern representations, may
seem relatively young; as a human activity, it most assuredly is not. Notwithstanding the wealth
of examples of high levels of human thinking that can be deemed scientific, the utilization of
common problem-solving strategies can also be observed in the everyday actions of people
around the globe.

Wade Davis (2009) provides several accounts of human groups and individuals around
the planet that practice thinking and action that could be considered scientific. One example
included the traditional Buddhists practice of self-reflection and self-examination. In many cases
these practitioners employ the same strategies to gain self-awareness, that scientists might utilize
to investigate varying aspects of their natural world. The anthropological and sociological
literature is chockfull with examples of human beings negotiating their environments (and

minds) to develop efficient modes of day-to-day survival.
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Human beings, literate and illiterate, practice valuable scientific habits of mind, which
allow them to collaborate to achieve both pedestrian and amazing goals (e.g., treehouse
construction by the Kombai of Papua New Guinea). Enclave communities, aboriginal and
indigenous groups, and varying other human beings, are often underestimated, generalized, and
interpreted through an ethnocentric lens. This begs the questions; why is this important for
modern science educators? Because the underestimation, generalization, and ethnocentric
misinterpretation of indigenous knowledge and the like are negatively affecting science students
and teachers. For science education, the dehumanization of science is particularly deleterious and
is represented in many forms on varying levels.

Science education researchers (Donnelly, 2004; dos Santos & Mortimer, 2002; dos
Santos 2009; Zeidler, 2014) have identified symptoms of the dehumanization of science;
revealing it as isolated from other modes of human thinking and representation. Conceptualizing
science as separated from and uninfluenced by humanity leads to the marginalization of science
students from all walks of life (Gill & Levidow, 1987; Aikenhead, 1997). A recent example is
highlighted by Zeidler (2014) who revealed that the STEM initiative is operating upon what he
terms a deficit framework. Through the STEM lens, science is portrayed as fragmented
disciplinary “silos,” characterized by the division of normative and non-normative components,
and isolated from the arts, humanities and other forms of human thinking.

It has been suggested that educators should consider rehabilitating the educational
acceptability of the natural sciences as knowledge that can serve humanistic purposes (Donnelly,
2004). Researches seeking to bridge the gap between science and the humanities, suggest that
this merger would lead to a more accurate depiction of science in the science classroom

(Yakman, 2008).
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Eisner and Powell (2002) have explored the influence of art on the thoughts and behaviors of
social scientists to expose the human personal side of scientific pursuits and reveal the innate
connections between differing forms of human inquiry.

Other scholars have considered the implications of humanizing our approaches to science
education and searching for ways to include all children in the scientific community (Aldous,
Barnes & Clark 2008; Aikenhead, 1997, 2001, 2006b; Aikenhead & Jegede, 1999; Bryce, 2010;
Donnelly, 2004; Ezeife, 2003; Newhouse, 2004; Snively & Corsiglia, 2000). These researchers,
whether they directly proclaim it or not, seek to transform school science from an agent of
assimilation (Aikenhead, 2006a) into an agent of empowerment.

This, of course, is a fine line and even progressive attempts at reimaging science can
inadvertently exclude students. For instance, as mentioned above, some researchers/educators
utilize an inflexible analogy characterizing science as a subculture that requires the uncovering
of entry-points, bridges between one’s own culture into science, for our students to gain access
(Aikenhead, 1996; Aikenhead & Jegede, 1999). While this perspective can be functional, it also
draws and reinforces boundaries that will continue to obscure the relatable roots of human
thinking that support scientific pursuits. In other words, rhetorical boundaries result from
discourse, and in turn these words prevent teachers and students from recognizing their innate
connections with scientific activity. The usage of “subculture” per se, is a rhetorical boundary
that stifles creative pedagogical thinking. Consider that the concept of a “subculture” suggests
that only a few people will ever gain entry despite our best efforts (Clarke, 1974).

Socio-culturally constructed borders can be useful in some contexts, but what is more

important is the fact that only a few individuals construct these boundaries.
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If these borders are built, deconstructed, and reconstructed by only a few, then science will
always be disseminated as dogma through forces of coercion. Science education of the twenty-
first century should seek to identify and eliminate the oppressive forces that affect both teachers
and students (Emdin, 2008). I posit that two fundamental pursuits for practitioners of humanistic
science education should be, 1) helping our students gain awareness of the mechanisms of
thinking we develop through our personal experiences and situations, 2) helping students
recognize how external situational, societal, cultural, and psychological influences mitigate our
thinking and actions.

Before continuing, the term humanistic science must be operationalized for this study.
Aikenhead (2006a) provided a fairly extensive description of a humanistic perspective of school
science, which was juxtaposed with the pervasive pipeline model. He conceptualized:

a competition between two ideologies: a humanistic perspective that promotes practical

utility, human values, and a connectedness with societal events to achieve inclusiveness

and a student orientation, versus a traditional perspective that promotes professional
science associations, the rigors of mental training, and academic screening to achieve

exclusiveness and a scientist orientation. (Aikenhead, 2006a, p. 22)

Within certain school science contexts, the latter ideology is often exemplified by a
“pedagogy of poverty”. This depicts science as a static body of knowledge, focuses on
behavioral skills, and does not encourage students to develop analytical tools or any sort of

deeper understanding (Furman et al., 2011, p. 155).
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It has been suggested that:

The basic principle of humanistic education is to accept and believe in human existence

and its capability to change its destiny toward the human values, in contrast with the

current situation, in which these values are shaped by the technological systems. (dos

Santos & Mortimer 2002, p. 4)

A humanistic science from this perspective obligates science educators to help their
students become aware of forces that shape(d) them, while simultaneously allowing them to
recognize their own abilities to shape their current and future situations. This must take place in
relation to both local and global contexts through the practice of reflexivity and other habits of
mind to prepare our students for life in a pluralistic society. This approach includes focusing on
concepts such as: culture, worldviews, identities, and the many divisions that exist within science
(Aikenhead, 1997; Gauch, 2009; Irzik & Nola, 2007; Zeidler, et al., 2013).

Scientific Literacy

In his tome, “The Myth of Scientific Literacy,” Morris Shamos (1995, p. 1) wrote that
there have been three “major curriculum reform movements” in pre-college science education.
The first movement relates to Dewey and others pursuit toward helping students cultivate
scientific habits of mind. The second movement is identified with the modernization of science
curricula and practice post Sputnik, with the final movement, beginning in the 1980’s, towards
the era of scientific literacy (Shamos, 1995). In chapter one, a brief explanation of scientific
literacy was provided and it should be noted that a great deal of writings pertaining to SL, in
most cases, are literature reviews of the construct.

Many articles provide historical accounts of SL and links the use of language with

education projects/agencies, such as the American Association of the Advancement of Science
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(AAAS, 1993), and other international policy programs. Still, despite decades of debate, the
answer to the question, “What is scientific literacy?”” cannot be answered unequivocally. This
literature review provides background of the SL construct including hegemonic distinctions,
educational distinctions as well as the formulation of a functional perspective of scientific
literacy within the SSI framework. Despite limited research on the matter, the possible problems
with SL being misinterpreted as reading and writing in science will be briefly addressed within
this paper.

Scientific Literacy or Literacy in Science? A body of literature connected with
reading/writing literacy research programs, that could be categorized as “literal interpretations”
of the concept of scientific literacy has been observed (Feinstein, 2010, p. 172). Therefore,
researchers from other fields often conceptualize “scientific/science literacy,” as the ability to be
able to read and write science content; resulting in these individuals exploring the benefits of
being strong readers when it comes to science literature (Norris & Phillips, 2003). While this is a
unique conceptualization of SL (Feinstein, 2010), it is a better example of how the slippery
nature of the construct can lead to disconnected approaches unsuited to promote even the most
basic vision of scientific literacy (Roberts, 2007; Roberts & Bybee, 2014). For this endeavor, the
idea of “literacy” as reading and writing is not a focus, because a new definition of scientific or
science literacy is not the goal here.

Hegemonic Distinctions of Scientific Literacy. Shamos’s (1995) divided scientific
literacy into three categories: cultural, functional, and true. In this case, cultural SL refers to
ones’ ability to possibly understand coded scientific information; functional SL suggests that an
individual may be able to enter into a meaningful scientific conversation, and true SL requires an

individual to understand scientific theories.
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These types of divisions, while in some cases useful, can also be cast as mechanisms of
exclusion. Consider Roy Ellen’s (2004) thoughts on the gatekeeping within the realm of science:

At a distance, the potency of the sterile dichotomies being drawn here arise from a fusion

of a general human cognitive impulse to simplify the processes by which we understand

the world (reinforced by the socially-driven need of science to maintain an effective
boundary (Nader 1996: xii-xiv, 3-4) around the practices which scientists engage in), and

of the West’s mission to preserve its cultural preeminence. (p. 410)

As we approach the end of the first quarter of the 21 century, it is easy to convince
oneself that this attitude, expressed eloquently by Ellen, is less influential than it has been in the
past. However, there is a possibility that this sort of alienating attitude, perhaps considered
assuaged by post-modernists, has become a phantom in our systems of education and thought.

If that is indeed the case, the effects of this residual attitude can be detected in the
interplay, tension and division between differing visions of SL (Roberts, 2007; Roberts & Bybee,
2014). It should be noted, that while “empowerment” is implicitly suggested in modern versions
of SL, it is only explicitly mentioned in a few cases, and seldomly in a critical sense.

Scientific Literacy is not Science Literacy. Roberts and Bybee (2014) recently
revisited Roberts’ (2007) original visions of SL (See Chapter One), and in response to several
years of debate, offered an overview of the evolution of SL along with new, possibly helpful,
distinctions. Namely, the distinction between “science” and “scientific” literacy. In brief, Roberts
and Bybee found that the literature reflects the development of this distinction over time and
associates it with the changes in language utilized by science education policy organizations.
Vision I is often associated with the concepts of “science literacy” and with those students that

are hoping to continue on and become professional scientists.
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However, Vision II is associated with “scientific literacy” and deals with the everyday use of
scientific thinking, the sociocultural, ethical and moral aspects of being a human being and
particularly within those contexts deemed scientific.

Roberts and Bybee (2014) also determined that SL, and its many iterations, are a matter
of discourse; prompting them to use an Aristotelian inspired distinction (theoria, techne, and
praxis). They list theoretical, technological, and practical as differing types of reasoning patterns
(Roberts & Bybee, 2014 p. 548).

Theoretical reasoning in this sense, is said to be best for establishing warranted
knowledge. Technological reasoning is necessary when designing and building new ideas or
things. Finally, practical reasoning is applicable when making value-laden decisions that impact
other human beings (Roberts & Bybee, 2014). The two researchers suggest that practical
discourse is often overlooked within science program and suggest that SSI approaches are the
best examples of fostering this perspective.

Science Through Education or Education Through Science? Jack Holbrook and Miia
Rannikmae (2009), along with many other researchers, have tried to tackle the question, “what is
scientific literacy?” The two provided an extensive overview of the complicated history of SL
over the last forty years, which includes multiple definitions of SL resulting from various sources
and fields.

However, I highlight the opposition they provide and itemize, which they call “science
through education” compared to “education through science” (Holbrook & Rannikmae, 2009).
These binary opposites are borrowed from their own work (Holbrook & Rannikmae, 2007), and

serve to provide nuanced differences based in societal connections, reflecting a similar

35



dichotomy suggested by Roberts and Bybee (2014) when distinguishing “scientific” literacy
from “science” literacy.

Instead of providing an exhaustive description, there are two ideas in particular that
should be mentioned, because they epitomize the overarching theme and provide the relevant
points of discussion for later chapters. First, the main ideas of science through education (STE),
states that students should undertake the processes of science through inquiry learning as part of
learning to be a scientist (Holbrook & Rannikmae, 2007, 2009). The second, education through
science (ETS) suggests that students should conduct investigations and utilize scientific problem-
solving strategies to better understand the science background related to socio-scientific issues
within society.

The idea that students should be able to apply the uses of science to society and
appreciate ethical issues faced by scientists is a STE statement. In response, the ETS statement
posits that students should cultivate social values related to becoming a “responsible citizen” and
undertaking science-related jobs (Holbrook & Rannikmae, 2007, 2009). The two researchers
continue to develop a model of relevance in science education, yet this continues to be a difficult
task.

Should Scientific Literacy be Salvaged? Feinstein (2010) referring to SL and “science
literacy,” suggests that the idea of relevance is often overlooked when developing science
education lessons; in terms of relevance in general and relevance to ones’ everyday life. This is
also wrapped in the borrowed distinction of insider vs outsider (emic/etic) when it comes to

science literacy.
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Consider the following:

I propose that science literate people are competent outsiders with respect to science:

people who have learned to recognize the moments when science has some bearing on

their needs and interests and to interact with sources of scientific expertise in ways that
help them achieve their own goals. It follows from this definition that the pursuit of
science literacy is not incidentally, but fundamentally about identifying relevance:
learning to see how science is or could be significant to the things you care about most.

(Feinstein, 2010, p. 180)

Even though Feinstein is in some ways imposing different boundaries, he is also
suggesting a shift from a “gatekeeper” mentality, toward a more humanistic version of SL,
whereby individuals are encouraged to utilize “science” in manners that they consider to be
appropriate. This also relates to Aikenhead (2007) who considers this to be a Vision III of SL.
Vision III includes, not only what can be termed Eurocentric science, but also various brands of
SL, which are sometimes termed indigenous or neo-indigenous sciences. This vision is a good
example of a well-meaning attempt to be inclusive of “other” human groups, yet it is ultimately
being driven by intrinsic and unchecked political and societal motivations. While this may
ultimately serve to assuage perceived “cultural” conflict, it still complicates and alienates;
providing students with “bridges” and “entry-points” does not ensure they gain access to or will
be included in the scientific community. Functional scientific literacy forged within the SSI
movement is more concerned with the epistemological roots that unite us, as opposed to those

ethnocentric political boundaries that continue to divide us.
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Functional Scientific Literacy (FSL) as Socioscientific Reasoning (SSR). Zeidler and
Sadler (2011) have offered an inclusive view of scientific literacy, that included the cultivation
of informed members of society through the practice of socioscientific reasoning (SSR). Sadler
Barab, and Scott (2007, p. 374) presented “socioscientific reasoning as a theoretical construct
which subsumes aspects of practice associated with negotiation of SSI and addresses the
citizenship goal.” The researchers suggest that FSL responds to the “continuum” of SL suggested
by Roberts (2007), and includes what Vision I lacks, while also responding to Aikenhead’s
(2007) Vision III of SL. Functional scientific literacy in this context is said to be “functional”
because,

in the realm of SSI, functional SL means that experience with social justice, tolerance of

dissenting voices, mutual respect of for cultural differences, making evidence-based

decisions with consideration for how those actions may affect community and
environment must be exercised for students to become functioning members of an

informed democracy. (Zeidler & Sadler, 2011 p. 179)

FSL includes the exercise of ethical decision making along with the exercise of virtue
(Zeidler & Sadler, 2008; Zeidler & Sadler, 2011). As with other cases, the researchers offer
distinctions and categories in which to better understand the nature of SL, in this case, within a
pluralistic society. It is suggested that FSL within SSI provides opportunities for the
development of character, and is likened to the practice of SSR; which transcends the contextual
nature of individual SSI (Zeidler & Sadler, 2011). The transcendent nature of FSL, as the

practice of SSR, is directly connected to the conceptualization of SsL.
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In a practical sense, this means expanding the possibilities for our students beyond what we
think, should, could, or ought to be possible/impossible. In addition, much like SL ex loco of the
De-Nigami painfully learned, grappling with the complexity of everyday life, may require a less

narrow understanding of (trans)substantiation.

Figure 7. Deconstructive Maneuver 3: Evidenee—Note. Concept From “A Conceptual Analysis of Perspective
Taking in Support of Socioscientific Reasoning” by S. Kahn & D.L. Zeidler, 2019, In Science & Education, Volume
28, Issues 6-7, p. 628 & 630. Springer Nature B.V. Copyright 2019. Modified and reprinted with permission from
Springer.
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Deconstructive Maneuver 4: Altered Velocity of SsR. The last deconstructive
maneuver, is perhaps the most painful, for it is where we should begin, within the complexity of
one’s self; the place of honest introspection/scrutiny. Deconstructive Maneuver 4, is not directed
at the “shape” of SSR, although that is always subject to change. Instead this maneuver is a
disruption in metaphorical “velocity” (See Figure 8, page 160). As I have alluded to, the
intentional inspection of the mind can be conceptualized as grappling with a multidimensional,
complicated, or vague, issue/problem.

Therefore, SSR reconceptualized, can be redirected inward, as self-exploration or a kind
of socioscientific introspection. This velocity change is in direction and speed; reflexivity for
example, should be slowed down, akin to watching a slow-motion film. While this may seem
like an idealistic stretch, it can be conceptualized as a practical classroom approach, whereby the
teacher and students take time to scrutinize inconsistencies, contradictions, imbalances and the
generally unspoken influences that may be causing them on a social and personal level.

Indeed, it would be difficult to simply suggest students (of any age) conduct a self-
evaluation, without providing suggestions for a path. SSR, as socioscientific introspection, can
serve as an opening for the development of commonly rooted, yet individually diversified
reflections of SSR. In other words, as student turn inward through SSR, the reflexive relationship
is forged and therefore, not only does the student/teacher change through this practice, but so
will SSR as a reflexive response. This also allows for the slowing down of reflexivity/reflection
through various means (e.g., honest transactive discussion), as well as the movement of the other
“interaction spheres.” From this relationship/awareness, students can redirect personally

informed SSR outward, in a more holistically and reflexively deliberate manner.
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In addition, it is here, within the personal context, that students, teachers, administrators,
policy-makers and researchers, can/should confront the unknown hegemonic influences, that
explicitly or implicitly shape them without their awareness. However, this also presents an
opportunity for individuals to question their own reflexive judgment at the core of normation
(which should be made visible), to root-out any hidden hegemony, that causes us to reinforce our
own inner-oppression. With deliberate guidance and questioning from the teacher, a more active
external view of the hidden hegemony can be developed. Internally, in relation to reflexive
judgement, the possibility of intensifying and focusing a questioning voice of subversion can be
developed; a hegemonic cricket if you will.

In the classroom, students can be asked to study themselves through multiple lenses such
as grappling with complexity, conducting various inquiries, developing an awareness of
skepticism, and figuring out the affordance and limitations of science. While this is also a time
when students can attempt to see themselves as others do, and develop the “etic” of themselves,
it should be more geared toward students developing a deeper awareness of their own “emic.”
We often take for granted that students are already developing their “emic,” from the dominant
etic. Think of Jason proclaiming himself and classmates as “boom-boom.” This reminds us of
reflexive human situatedness and how we often see ourselves as outsiders. The suggestion here,
is to make this human predicament clear, so that students not only recognize the importance of
knowing how others define them, but also recognizing that those “views” do not define them in
totality, if at all.

The once starkly recognizable concepts and competencies are now slightly less
distinguishable. The strikethrough(s) are not to say these are now absent, obliterated, or

altogether different. Instead, these are reflective incisions providing us openings to peer past the
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phenotypical expression of the words, and to reminds us of their ever-slipping, unstable,
meanings. Through these incisions, we can make visible the inner meanings and tacit
attachments to power lurking within the linguistic genotypes of words and concepts. This,
however, is not an indication of complete detachment from the intended meaning and purposes
of SSR. Rather the maneuvers suggest that these attachments are made visible and deprivileged.
In turn, this broadens the utility of all of the interacting spheres described above, while leaving
open the possibility for novel rearrangements, variations, and creations. While the closed
“system” of SSR was geared toward the development of a functional perspective of SL, a
bricolage SSR (SsR) is an open “system,” which is aimed toward the development of

socioscientific literacy (SsL); of which a functional perspective of SL is connected.
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Figure 8. Deconstructive Maneuver 4: Altered Velocity of SsR. Note. Concept From “A Conceptual Analysis of
Perspective Taking in Support of Socioscientific Reasoning” by S. Kahn & D.L. Zeidler, 2019, In Science &
Education, Volume 28, Issues 6-7, p. 628 & 630. Springer Nature B.V. Copyright 2019. Modified and reprinted with
permission from Springer.
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The Characteristics of Socioscientific Literacy

SsL, through the development and practice of bricolage SSR (SsR), is actualized through
exploration of human rootedness, which becomes the barycenter for the interacting spheres, and
is developed reflexively from that point, by/with the individual. This is the first characteristic of
socioscientific literacy, it is not a universal goal. It springs from universal human roots, yet is
cultivated, shaped, and reshaped through the interaction with particularities of the individual.
These particularities are made even more varied, as they interact with one another, as well as the
particularities of others. Hence, the second characteristic of SsL, which it shares with SL-ex loco,
SsL is human dependent and potentially individually shaped.

The name, socioscientific literacy, can suggest a knowledge of and being competent in
the application of SSR to grapple with and resolve socioscientific issues. This includes making
SL functional, yet science is still centrally privileged and the critical approach (affordances and
limitations) seems to come from within science. However, through the opened SsR, I suggest a
further expansion, as the name SsL also signifies, to include a vast diversity of complex, ill-
defined issues. This should also include the articulation, formulation and practice of a diverse
array of literaetes required to grapple with those issues. This does not occur within the spheres,
as if they were disconnected silos, but instead are devised/invented at the intersections of these
constantly interacting spheres. and can either become “permanent” interactors, or be as
ephemeral as the issue of which it is focused and formulated. This is the third characteristic of
SsL, in that socioscientific literacy is not representative of one “literacy,” or one specific domain
or a single colony of monolithic skills and/or concepts. SsL reflects the reflexively aware and

supported practice and cultivation of SsR, in relation to one’s own measures and parameters.
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For students, this means, from a reflexively aware posture they can begin to gauge/define their
personal success with measures they formulate in relation to their own personal situations.

The fourth characteristic of SsL, has been an apparition throughout the text and is made
visceral and intentional through Deconstructive Maneuver 4; SsL. indicates the transmutation of
SSR to SsR. This evolution makes it visible and subject to potential critical/reflexive
scrutinization, hegemonic influences, tacit special interests, sociocultural rootedness,
personal/cultural/familial/implicit biases, prejudices, mythological rhetorical/physical
boundaries, and the potential for alterity. This does not indicate a detachment from sociocultural
foundations, but instead exposes them so they too can be held accountable.

This can be seen as a potential opening for the fifth characteristic of SsL, which is the
potential to promote justice for the “other” analogically and incite the advocation of justice for
and within the psychological (one’s self) and sociocultural (fellow humans). In other words, in
the classroom, this brings human inequities (i.e., personal, local, global communities, etc.) and
connectedness to a more centralized position; which is where global and local obligations can be
suggested and framed as emancipatory paths (inner/outer). This characteristic of potential, as
with all of the characteristics of SsL, is actualized in differing ways depending on the shifting
context.

An aspect of the deconstructive predicament of socioscientific literacy is it is now and
always in a state of flux, responding to the human operator and the resulting movement through
the four-dimensional “existence” represented by the interacting spheres of SsR. Due to fluidity,
reflexive awareness, the reflexive/refleetive, and idiosyncratic variations, this fluctuation
between impossible/possible should be kept constant, and therefore is the sixth characteristic of

SsL. In a practical sense, this is akin to broad-mindedness and open-mindedness, but goes
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beyond those scopes, to a more reflexively relativistic-mindedness. This is an ability to recognize
moments when taking on a relativistic position/perspective, which allows for a more open and
honest evaluation. However, it is not anything goes, in that it the relativity is sustained within a
sphere of reflexive/reflective.

Characteristic six, is also an indication, that there are always features and traits that may
materialize through practice and on differing scales. These working characteristics of SsL, along
with the deconstructive maneuvers of SsR, can be difficult to connect with the pragmatic
universe of education. However, the final section of this chapter will be brief suggestions of the
possible connections between SsL, pedagogical praxis, educational/social sciences research, and
student/teacher interactions. I will also connect the possible ways that the practice of SsR as a
means to cultivate SsL, can improve the educational conditions of all our students. Figure 9 (See
page 164) features a checklist of the working characteristics and definitional entailments of
socioscientific literacy.

Researeh-Questions and SsL in a Nutshell

Researeh-Question+ What are the boundaries and overlaps of scientific literacy (SL) and
functional scientific literacy (FSL) within the Socioscientific Issues Framework? When
functional scientific literacy is compared with the characteristics of SL ex loco and SL the Villain,
it was suggested that the following six characteristics present a more robust and accurate
functional view of SL: 1) extends from differing visions of SL; 2) attempts to connect directly
with globalized and localized ethical/moral realms; 3) moves toward decentering SL; 4)
humanizes science through interaction; 5) exposes the affordances and limitations of science; 6)

attempts to do justice for the other (See Table 3 p. 93).
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Socioscientific Literacy (SsL) Checklist

Name of School/Agency: Dr. Dedrick High School
Area(s) Inspected: Existence Observer: Dr. A. Feldman Date: 03/17/2021

Characteristics Corrective Action

Yes
SsL. is not universal. It emanates from universal human roots, yet is cultivated,
shaped, and reshaped through the interaction of particularities of the individual(s). V None Required
Does this align with your teaching philosophy?

SsL. is not disconnected or subject to mythology or mystifying. It is human dependent
and individually influenced. None Required
Does this align with your teaching philosophy?

SsL is not representative of one “literacy,” specific domain or colony of monolithic
skills and/or concepts. It reflects the reflexively aware and supports the practice and )
.. . . . None Required
cultivation of SsR, in relation to one’s own measures and parameters.

Does this align with your teaching philosophy?

SsL. does not obscure specific foundations, special interests, hidden ulterior motives,
implicit biases or subordinating forces. It indicates the transmutation of SSR to SsR,
in turn making it visible and subject to potential critical/reflexive scrutinization, )
.. . . . . None Required
hegemonic influences, tacit special interests, sociocultural rootedness, biases,

prejudices, mythological/rhetorical physical boundaries and the potential for alterity.

Does this align with your teaching philosophy?

SsL is not a complacent, permanent, purely relativistic position. It includes the
abilities and dispositions to recognize and incite the advocation of justice. None Required
Does this align with your teaching philosophy?

SsL is not static or subject to external, disconnected measures and is not an absolute

way of knowing or judging. It is in a constant state of flux in response to the operator )
. . . . None Required
and the four-dimensional moment and interactions of SsR.

Does this align with your teaching philosophy?

Figure 9. Socioscientific Literacy Checklist
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These characteristics suggest that for SL to be functional for students, it must be open to scrutiny
and connected with a broader realm of human activity than science alone (Zeidler, 2016).
Moreover, for these characteristics to be actualized in practice they must emanate from an
honest, flexible reflexive/reflective approach to design and implementation of educational
experiences.

Researeh-Question2 What are the major distinctions of the reflexive activities connected
to the SSI framework? This prompted the exploration of the moral context of SSPT, which is
constituted by reflexive and reflective judgment. Reflexive judgment was shown to be intimately
connected to the concept of conscience, particularly how it is shaped by the process of normation
(Green, 1999). Through normation students structure their reflexive emotions to act as indicators
when passing judgment on themselves and others, which can be conceptualized as voices of
conscience (Green, 1999). Reflective judgement is also connected with the stage model of
reflexive thinking (King & Kitchener, 2004), which is conceptualized as monitoring one’s own
reasoning and assumptions. The concept of judgment and implied binaries (e.g. bad/good) were
problematized, in order to dislodge and generalize the reflexive and reflective aspects of the
moral context. It is recommended to extend this opened reflexive/refleetive outward to ensphere
and support the practice of SsR, toward the development of SsL. In addition, the encouragement
of reflexive awareness, coupled with compassion, was argued as possible means by which
teachers and students can gain a flexible understanding of their educational condition. This,
along with the findings for research-question+, helped guide the formulation of SsL, and
suggests many connections and implications for science education discussed in the next two

sections.
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Researeh-Question-3 What aspects of functional scientific literacy (FSL) can lead to the
conceptualization of socioscientific literacy (SSL) as a goal for education in general? The
recognition of the humanizing aspects of FSL named above, including the decentering of
science, inclusion of varying and diverse ways of thinking and acting, and the implied goal to
seek justice for the other, helped guide the conceptualization of socioscientific literacy. The
nascent SsL, can be visualized as the reflexively aware, cultivation of abilities to holistically
operate SsR, in order to engage, grapple with, and seek solutions for a vast diversity of complex,
ill-defined, issues. SsL, also entails the abilities to imagine reflexive/refleetive means of
scrutinizing/supporting the operation of SsR and the diverse array of literaetes, dispositions,
actions, and shifting modes of evidenee that are momentarily called upon to grapple with those
issues. The final entailment of SsL is two-fold: it includes the abilities to 1) recognize
hegemonic, colonizing, controlling, subordinating, oppressive influences, and 2) the ability to
formulate and act justly in response to these influences/forces.

Research Implications and Connections to SsL

As the openness and flexibility of SsL through SsR indicates, and as an intentional
feature, there are a myriad of academic involvements, connections and possibilities that can be
explored. The following are a few possible academic involvements, that could serve several
purposes when considering the cultivation of SsL in the classroom. For instance, there are many
promising consequences of practicing a reflexive ethnographic process, which show potential as
pedagogical tools (Goldman-Segall, 1998; Tynan & Loew, 2010). Therefore, differing forms of
reflexive ethnography, including autoethnography, can add support to the practice of SsR, toward
the development of SsL. In addition, the inclusion (and/or production) of ethnographic film in

the classroom can promote the development of the reflexive/refleetive through shared

166



experiences. For instance, holism (behavioral contextualization), through ethnographic films, can
provide a context on which students can practice the reflexive construction of meaning
connected to the behaviors they are observing (Heider, 2006). In this case the “meaning” they
construct can reach beyond, yet connect to, their own everyday experiences. In order for students
to develop an understanding of how the behaviors they observe are manifestations of human
thinking, shaped by their sociocultural and physical environments, students must have a basic
understanding of those environments. In addition, ethnographic film can aid students in opening
up the eemplexity (Sadler, Barab, & Scott, 2007; Zeidler & Sadler, 2011) of any situation/issue
on which they are focusing.

Reflexivity (The Ethnographer’s Presence), is a major component of ethnographic
research and film (Heider, 2006). This can help with the development of reflexive awareness, via
exploring and experiencing the ethnographer-ethnography reflexive relationship. If this is not
made explicit in the film, it should be made so by the educator. In some cases, films that do not
draw attention to the presences of the ethnographer, may provide opportunity for students to
demonstrate the connections between biases, interpretations, and group meaning making. This
attribute can also act as a “model” for students to cultivate their abilities within the

The suggestion for Ethnography, can be aligned with the Humanities, ARTs, and Social
Sciences (HARTSS) model; a model geared toward “pumping” differing methods and ways of
making and representing meaning, into SSI classrooms, to promote functional scientific literacy
(Kahn & Zeidler, 2016). However, this model can be reimagined to work in support of the
development of SsL and will offer interdisciplinary possibilities, a means to explore humanness,

and varying models to support the development of reflexive awareness. In addition, injecting
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ethnography and autoethnography, as humanistic, artistic, reflexive/refleetive, and modes of
making meaning in the classroom, SSPT can become a focal point, while also being provide with
a means to make a more authentic emic/etic switch.

Finally, I suggest a connection with a particular shifting perception of “intelligence” that
has been cross-culturally and empirically substantiated, as well as conceptually analyzed and
reconfigured in response to those data. Robert J. Sternberg (2020) has developed an interesting
way of looking at human intelligence that he terms “successful intelligence.”

While “successful intelligence” rests upon a sophisticated framework, it began with the basic
definition cited above (Sternberg et al., 2009), and the more recent augmented definition of
successful intelligence is one’s ability to set and accomplish personally meaningful goals in
one’s life, given one’s cultural context (Sternberg, 2020).

Sternberg (2020) states that a successfully intelligent person accomplishes goals through
figuring out his/her/their contextual strengths and weaknesses. Thus, allowing them to capitalize
on their strengths and correct/compensate for their weaknesses. These “Strengths and
weaknesses,” are relative to four variations of skills, derived from the same mental processes:
analytical, creative, practical, and wisdom based (Sternberg et al., 2009, Sternberg, 2020). An
individual 1) needs to be creative in order to generate novel and useful ideas, 2) is required to be
analytical in order to establish that their ideas, as well as ideas of others, are “good ones,” 3)
needs to be practical so to apply those ideas in order to convince others of their value, and 4)
they must be wise in order to ensure that the application of the ideas will help ensure a common
good through the facilitation of positive ethical principles (Sternberg, 2020).

Further connections between the cultivation of SsL and the work of Sternberg and

colleagues, is with practical and adaptive intelligences. This entire project is focused on the
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deconstructive predicament of the western notion of intelligence, and the mal-effects it can have
on individuals and groups. Practical intelligence, roughly equated with common sense, is mainly
focused upon tacit knowledge, or what one needs to know to succeed in a particular
environment; even those things that go beyond the verbalized (Sternberg, 2020).
The most recent advent and reaction to years of research, adaptive intelligence, is based upon the
realization that intelligence cannot be defined only as a quotient and represents the view that
intelligence, broadly conceptualized, is and always has been about adapting to the environment
(Sternberg, 2020).

These are ultimately research projects rooted in their own foundations, with their own
tacit influences, hidden motivations, and spoken or unspoken goals. Nevertheless, this is a
“deconstructive project,” which has led to the opening up of intelligence; inteHigenee-
Nevertheless, there are many possibilities for acculturation. Consider that Sternberg states of
their current adaptive intelligence model, that “these projects involve presenting students with
real-world problems and asking them to define the problems, figure out ways of addressing these
problems, and proposing possible solutions”(Sternberg, 2020, para. 2). Moving forward, there is
a possibility of revealing deeper connections between this notion of inteligenee and the
cultivation of SsL through the practice of SsR.
Implications for Science Teaching Practices and Philosophies

As I stated at the outset, this philosophical work, as is obvious at this point, is not meant
strictly as an argument, a clarifying agent, nor a generalized report. Instead, this is a way to tell
an ineffable story, not simply of how an educator must question their practices, but more
important, that educators must critically and reflexively evaluate their teaching philosophies and

recognize how these “philosophies,” shape their being as a teacher (Feldman, 2002). One of the
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many facets of this work, is the conceptualization of an individually shaped, reflexively
positioned means for students to shape and negotiate our complex, pluralistic societies. However,
the implications for teachers, are very much the same, as those for students.

One of the main implications of this philosophical study is that science teaching in any
westernized context may be conceptualized as a socioscientific issue, perhaps on a daily basis, in
and of itself. In my experience, a teacher must constantly grapple with difficult issues, requiring
multiple forms of inquiry, varying degrees and shades of skepticism, react to the shifting of
evidence, and there is no place like the classroom, to run headfirst into the limitations of science.
Additionally, teachers in all situations, only benefit themselves and their students by honing
abilities to build intersubjectivity and see from honestly-informed multiple-perspectives.
Therefore, I suggest that the development of SsL, through the practice of SsR, can be a means by
which pre-service and in-service teachers can (and should) reflexively and honestly evaluate
their own sociocultural rootedness, and derive agency in relation to their teaching philosophies
and resulting practices. Consider the following:

reflexive rootedness \ri- flek-siv 'rii-tad ‘nes\ the processes by which an individual

recognizes and turns their sociocultural rootedness against itself making hidden aspects,

and influences of their situation visible and open to scrutiny; exposing the underlying
human roots.

This implies that the maneuvering of SsL can be incorporated into differing educational
courses for pre-service teachers that may be only just formulating a teaching philosophy. I see
potential in including this approach in action research conducted by educators on all levels of
educational systems. The SsR conceived here, would provide educators a flexible approach for

making sense of the seemingly enigmatic complexities of education. Moreover, this prompts
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introspective consideration of the shaping that results from the reflexive relationship between
themselves as teacher/learner, and their own educational experiences. This can be connected
directly with reflective and reflexive practice (Bolton, 2010); however, it also encourages the
possibilities found within the reflexive/refleetive.

For science teachers, there are practical applications to consider. As I suggested in the
previous section, there must be a broadening of scope and context when considering modes of
making, interpreting, representing, and critiquing “meaning.” This responds to Zeidler and others
(2016) call for bringing attention to the sociocultural aspects of science education. Through the
inclusion and connections with other human dependent projects/pursuits, science is decentered,
even within a science classroom. This decentering encourages an openness to other(s) and
encourages co-realization of human rootedness, and the influences of power and control that may
obscure them from view. This also prompts the reimaging of the science classroom as a place for
interdisciplinary, practical, and creative experiences, making science functional, yet only as an
aspect of each students shared humanness. Doing so can, in turn, counteract the effects of deficit
frameworks that exist in science education policy and practice (Zeidler, 2016; Zeidler et al.
2016).

Through the exploration and opening-up of Researeh-Question1, ostensible boundaries
between a SSI functional view of SL and scientific literacy were exposed (See Table 3, p. 93).
The exploration of the deconstructive predicament of SL was made apparent in the form of SL ex
loco and SL the Villain. The uncovered characteristics can be utilized heuristically by teachers,
researchers, and other stakeholders to evaluate the brand of scientific literacy they are espousing,
either implicitly or explicitly. Furthermore, the lens of the deconstructive predicament, along

with these characteristics, can be extended to other concepts and constructs within education to
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probe for hidden meanings, agendas, and disempowering forces. For teachers, this can help them
identify aspects of their practices and philosophies that may hinder teacher-student interactions,
while giving them a means to grapple with their own deconstructive predicament.

Through the exploration and opening-up of Researeh-Question2, it is implied that
teachers should look for opportunities to practice and encourage the practice of SSPT in order to
develop a deeper and broader perspective of their educational condition. It is also suggested that
reflective and reflexive practices be developed and applied to all aspects of SsR and SSR, while
identifying possible hidden influences that may affect those practices. From here, educators can
help support students toward developing strategies to recognize how their interactions are
shaping one another and their everyday situations (Lindahl, Folkesson, & Zeidler, 2019).

In relation to the development of SSI modules, the findings here suggested that teachers
must begin with an honest and reflexive evaluation of their biases, belief systems, personal
agendas, approaches, and teaching philosophies so to problematize the framing of moral/ethical
questions related to the modules. This is also true of students engaging with SSI; they should be
encouraged to cultivate introspective approaches buttressed by the practice of SsR so that they
can begin to explore their own complexity before extending to murky aspects of the
socioscientific issues with which they grapple. In addition, it has been implied that as students
develop a sense of reflexive awareness, this should also be met with opportunities to develop
compassion for others and to reimagine that compassion as an obligation to act. Teachers are
encouraged to develop their own means of enacting the reflexive/refleetive in their practices,
while helping their students do the same. Through this active reflexive awareness, student-

teacher interactions can be improved through a common search for intersubjectivity.
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The exploration and opening-up of Researeh-Question3 directly implies that when

students and teachers are grappling with SSI, they are required to utilize varying combinations
and iterations of human thinking and acting that go beyond the scope of SL. This suggests that
the development of a SSI functional view of SL, requires the acknowledgement of the other
skills, literacies, habits of mind and modes of meaning making that interact with each student in
similar yet particular ways. This means that teachers should support the personal defining of,
while not set limits on, what being socioscientifically literate means. We must recognize that
each individual student may cultivate SsL, based on their particular circumstances, interests, and
ways of developing their own SsR. In other words, we must provide guidance, as well as choices,
that are not tethered to particular means of assimilation or forceful acculturation.

It has also been implied that SsL through the practice of SsR, has the potential to be a
metaphor for student learning/discovery in various classrooms focused on differing topics and
issues (i.e., a cross-curricular goal). This does not imply that it is a goal that can be universally
measured, but instead, owing to particularities of individual students, only facilitated and
fostered. In some senses, this becomes heavily reliant on the rapports that teachers build with
their students, which inform teachers in the types of guidance and support that is needed by each
student. This also informs educators on how to help students develop in relation to measures of
success they themselves set. This would also include helping students reflexively evaluate their
selves and situations, making visible how their measures of success are shaped.

Finally, there are implications of pedagogical importance for science educators. We must
begin to evaluate our own conceptions of SL, not only for clarity, but to uncover contradictions,
tacit meanings/influences, and hidden motives and agendas. This suggests that a decentering of

science is necessary, and while this seems like a literary trope, in the classroom the action is
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relatively simple. It does not mean that science should be devalued, discarded, or rebuked, but
instead simply revealed as not the most important thing in the science classroom. It requires
opening science up as a human endeavor that has been formulating for centuries not only in
scientific laboratories, but in the laboratories of human existence, as students inquire and make
meaning of the world in which they dwell. We must view our students as human beings
possessing the capacities to be far greater than simply scientifically literate.

As science teachers, we may advocate for causes driven by science, and even see such
scientific progress as means to help all of humanity. In the classroom, when the door closes, and
it is only you and the students, all of those things must be decentered, and the needs of the
students must become central. Each student must be given the opportunity to be a bricoleur of
their own ways of seeing themselves and universe around them. As teachers, we must provide
our students with the “materials” and imperfect honest modeling of being human, to support,
guide and share experiences that will shape both us and the students for a lifetime.

The final implication from this inquiry, a kind of prescriptive caveat, is that we, as
science educators, must question what students actually need, as opposed to solely aligning their
needs with what is prescribed by an external educational system. We may even find ourselves
blaming that system for the many problems we and our students face, and perhaps even seeking
ways to counteract or assuage the perceived negative effects those systems may cause. What is
needed is to find a new point of departure predicated on the frequent and honest posing and
grappling with the question, “How am I a part of the problem?”” From there, we may find the real
work of being a teacher, struggling with our own deconstructive predicament, revealing and
fighting the coercive forces that knowingly or unknowingly affect our philosophies, pedagogies,

and the ways we interact with our students. This is a formidable undertaking, that pales in
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comparison to the everyday life of a teacher, yet it always already offers hope. Because even in
the midst of perceived failure, teachers that have taught bell-to-bell, day-to-day, year-to-year,
know that every moment on a school campus has the potential to be a new beginning, for our
students and for ourselves.

Concluding (This Way to the Egress)

The bellowing whistles, complimented the pillows of smoke from the engine, now
moving quickly and densely across the page. The faint aroma of burning coal, wafted through the
air, in which Es-el’s face felt fixed, as they gazed out through the window of the train. 7hey were
watching the stranger, whom which they had shared a part of the journey and provocative
conversation. Es-el saw the stranger adjusting their backpack, looking down at their journal, and
finally heading on in a somewhat hesitant and what seemed to be a focused manner. Es-el, still
feeling perplexed from the stranger’s final comment, “center of the universe” Es-el questioned
indignantly; they made a clicking sound with their tongue and teeth, trying to brush it off, “/
know I’m not the center.” Nevertheless, this became a haunting and lingering thought for Es-el,
for years to come.

In that moment, the train moved, for a split-second Es-el thought it was the earth moving
outside. Their thoughts/emotions coalesced the comments of the stranger with the issues of the
Inuit. Es-el’s thoughts were like the colors in a shifting kaleidoscope, constantly changing in
shape and texture. Then, as Es-el looked out the window, viewing the bleak white plain, all the
colors were brought into focus by the one question, Es-el had yet to think or ask. 7They, had
indeed thought to ask, “how can 7 help,” many times. However, this new question, creeping ever
so slowly to forefront of their mind, actually frightened Es-el, which was a new characteristic of

questioning. They immediately wondered, “did my parents ask this question of themselves?”
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Fright became sadness, then fear, then shame. Es-el, almost unwilling to form the thought into
signs, finally, in an act of heroic bravery, asked themself the question, that perhaps they should
have asked first, “How am 7 a part of the problem?”

Es-el, thought of the stranger’s final comments, and began to formulate excuses for why
this can’t be true, “I/’m not a part of the problem.../ can’t be... [ 've never even heard of Inuit
before.” Es-el now, for the first time on this journey, as they contemplated this thought of being a
cause or part of the problem, began to cry. Thoughts of the declining, difficult, and defeating
lives of the actual Inuit they had met or seen online raged in their minds. Es-el, put their face into
their hands, and as the first tears reached the end of their human connection, one fell and
splattered next to what seemed to be a scribbling on a white napkin. Es-el, bent down farther to
pick it up, they wiped away the tears slowly to bring the lone words into focus.

It was but a question and a statement, the words stood out brightly for Es-el as if they
were trying to escape the two-dimensional existence of the white napkin. It read, “Are we the
issue, the problem, or at least a part? Maybe, just maybe, until we see ourselves as truly parts of
the problem, we can never be a part of the truest solutions.” The words rushed through Es-el like
a tsunami, leaving them confused, conflicted, yet somehow comforted; as if an answer and
question, without words, occurred simultaneously. Es-el’s attention drifted back to the journey,
as the train quieted and became still at the next stop. Es-el peering once again through the
window, observed a platform bustling with human activity and in that moment a comforting
transformative thought poured over them. For in that moment, Es-el did not see this as one stop
of many. Instead, with a renewed vigor and happiness, as their tears faded into the vastness of

the atmosphere, Es-el realized that they had only just arrived, at the beginning.
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