GROWING SCIENTISTS:

A PARTNERSHIP BETWEEN A UNIVERSITY AND A SCHOOL DISTRICT

by

TERESA MARIE WOODS

B.A., Prescott College, 1988
M.S., Kansas State University 2006

AN ABSTRACT OF A DISSERTATION

submitted in partial fulfillment of the requirements for the degree

DOCTOR OF PHILOSOPHY

Department of Curriculum and Instruction
College of Education

KANSAS STATE UNIVERSITY
Manhattan, Kansas

2012



Abstract

Precollege science education in the United States has virtually always been influenced by
university scientists to one degree or another. Partnership models for university scientist —
school district collaborations are being advocated to replace outreach models. Although the
challenges for such partnerships are well documented, the means of fostering successful and
sustainable science education partnerships are not well studied. This study addresses this need
by empirically researching a unique scientist-educator partnership between a university and a
school district utilizing case study methods. The development of the partnership, emerging
issues, and multiple perspectives of participants were examined in order to understand the culture
of the partnership and identify means of fostering successful science education partnerships.

The findings show the partnership was based on a strong network of face-to-face
relationships that fostered understanding, mutual learning and synergy. Specific processes
instituted ensured equity and respect, and created a climate of trust so that an evolving common
vision was maintained. The partnership provided synergy and resilience during the recent
economic crisis, indicating the value of partnerships when public education institutions must do
more with less. High staff turnover, however, especially of a key leader, threatened the
partnership, pointing to the importance of maintaining multiple-level integration between
institutions.

The instrumental roles of a scientist-educator coordinator in bridging cultures and
nurturing the collaborative environment are elucidated. Intense and productive collaborations
between teams of scientists and educators helped transform leading edge disciplinary science
content into school science learning. The innovative programs that resulted not only suggest
important roles science education partnerships can play in twenty-first century learning, but they
also shed light on the processes of educational innovation itself. Further, the program and
curriculum development revealed insights into areas of teaching and learning. Multiple
perspectives of participants were considered in this study, with student perspectives

demonstrating the critical importance of investigating student views in future studies.



When educational institutions increasingly need to address a diverse population, and
scientists increasingly want to recruit diverse students into the fields of science, partnerships

show promise in creating a seamless K-20+ continuum of science education.
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CHAPTER 1 - Introduction

A long and productive history of collaboration between university scientists and K-12
educators exits in the United States to benefit science education (DeBoer, 1991; Rudolph, 2002).
These collaborations have served purposes such as curriculum development, professional
development for teachers, research internships, science fairs, and career talks. Today,
partnerships between university research scientists and K-12 school districts are increasingly
encouraged through programs sponsored by federal agencies such as the National Science
Foundation (2008) and the U.S. Department of Education (n.d.). Partnerships with universities
and businesses are also seen as important to enhance science education in the context of “twenty-
first century skills,” a curricular movement being integrated into many state education standards.
Generally speaking, “twenty-first century curricula” are promoted to prepare students in areas
valued in modern society, such as science and technology literacy, foreign language proficiency,
global studies, critical thinking, communication, innovation and collaboration, along with
traditional course content (Bybee & Fuchs, 2006; S. P. Marshall, Scheppler, & Palmisano, 2003;
Partnership for 21st Century Skills, 2011).

Partnerships between high school biology teachers and science researchers are promoted
to help develop authentic inquiry experiences and curriculum material for the classroom, to offer
tangible role models of scientists, to develop scientist mentors to students and teachers, and to
help scientists learn how to talk about and teach science more effectively. In essence,
partnerships are formed to accomplish things together in ways neither one can do alone, and they
naturally involve groups that have different needs and resources which are matched for the
benefit of both institutions (Cole, 2005).

Although scientists are often eager and enthusiastic to collaborate with schools and
increasing financial resources are allocated to support such ventures, partnerships are often
fraught with challenges in overcoming cultural differences between scientists and K-12
educators (Barstow, 1997; Drayton & Falk, 2006; Tanner, Chatman, & Allen, 2003).
Differences between the two professional cultures include different institutional mandates,
constituencies, levels of autonomy, criteria on which promotions and status rely, ways in which

the scientific enterprise is experienced, expert vs. novice understandings, resources and resource



allocation, power structures, and responsibilities in dealing with adults vs. minors (Cole, 2005;
Eberbach & Crowley, 2009; McKeown, 2003; Mervis, 2010; Sussman, 1993).

Although the challenges to science education partnerships are well described by
practitioners (Dolan, Soots, Lemaux, Rhee, & Reiser, 2004; Elgin, Flowers, & May, 2005;
Granger, 2004; Shepherd, 2008; Sussman, 1993), and good theoretical work exists on such
partnerships (Cole, 2005; Dolan & Tanner, 2005; Usselman, 2004), empirical research studies on
science education partnerships between universities and school districts are sparse (but see
Drayton & Falk, 2006; Tomanek, 2005), and calls for such research are being voiced (Dolan &
Tanner, 2005).

Based on this need for empirical research in partnership development, | methodically
investigated a unique science education partnership that I coordinated between a major
Midwestern research university and a K-12 school district. This partnership was founded
following many of the principles described in science education partnership theory. In my study,
| investigated specific ways to foster a culture of partnership. Accordingly, this study can
contribute to an understanding of how to foster educational partnerships among university
scientists and school districts.

Through my own work with partnerships between natural scientists and K-12 educators, |
have also found common challenges among participants, even though the individual contexts are
diverse and personalities unique. For instance, teachers often defer to scientists as universal
experts, even in pedagogical matters in which teachers’ expertise is usually far greater. Learning
is often perceived to be from scientists to educators and students, but not necessarily in a
reciprocal direction too. Educators often take the initiative in understanding the scientist’s
world, but scientists only infrequently take the initiative to understand the teacher’s world, even
when the goals of collaboration focus on integrating science content into the constraints of a
classroom. | find coordinating such collaborations requires attention to equity among the
partners and to the resources each partner brings to the table and the benefits each derives from
the partnership.

My experiences are consistent with what many practitioners working in university
scientist / school district partnerships report (Drayton & Falk, 2006; McKeown, 2003; Mervis,
2010; Moreno, 2005; Tomanek, 2005). For instance, Tanner and colleagues (2003) report that

scientist — school collaborations tend to be unidirectional in terms of learning, with scientists in



the role of primary expert and K-12 educators as consumers of their expertise as a means to
garner resources for their students. A growing set of scholars advocate a movement away from
this one-way outreach model and toward partnerships that recognize that scientists in higher
education institutions also gain in their perspectives and understanding (Dolan & Tanner, 2005;
Tanner et al., 2003). Some of the benefits of partnership most often reported for scientists are an
increased understanding of pedagogical approaches, how people learn, how to communicate to
lay audiences, and even a greater understanding of their own scientific practices (Gengarelly &
Abrams, 2009; Tomanek, 2005).

Statement of the Problem

Many successful post-Sputnik science education reforms funded by the National Science
Foundation established that “teachers and scientists working together are able to accomplish far
more than either alone” (Rutherford, 1997). Today, universities and school districts are
increasingly encouraged to collaborate for science education, and partnerships can be particularly
fruitful when resources are scarce since expertise and resources can be shared. Yet knowing how
to allocate limited funds and resources for the effective development and sustenance of
partnerships is of concern, especially given the cultural challenges to science education
partnerships commonly reported in the literature (Magolda, 2001; McKeown, 2003; Tanner et
al., 2003; Tomanek, 2005).

The challenges confronting science education partnerships between scientists and K-12
educators are often based on perceptions of each profession. In an extensive study on scientists’
views and perceptions of secondary science education, scientists held predominately critical
views of K-12 science education, even though they had limited experiences with K-12 science
education, and provided no “examples of evidence from observations in schools or from
experiences working with teachers” (Taylor, Jones, Broadwell, & Oppewal, 2008, p. 1070).
Even when scientists have a positive view of teachers and education, they are often surprised to
learn of the limited resources, limited autonomy over curricula, and the competing priorities on
their time, such as testing (McKeown, 2003; Mervis, 2010; Mitchell, 2000). Alternatively,
teachers often defer to scientists, perceiving them to have higher status and power than teachers
(Drayton & Falk, 2006; Tanner et al., 2003), with teachers often “in awe of and sometimes
fearful of scientists” (Bellamy, 2005, p. 43).



Tanner and colleagues (2003) report that scientist — teacher collaborations tend to be
unidirectional in terms of learning, with scientists in the role of primary expert and K-12
educators as consumers of their expertise for the benefit of their students. Yet lessons, activities
or curricula prescribed by scientists to teachers without engaging teachers’ expertise tend to be
impractical to implement in classrooms, and are perceived as unsatisfying partnership
experiences by teachers (Drayton & Falk, 2006; Elgin et al., 2005; Rudolph, 2005b; Tomanek,
2005). In contrast, when scientists engage with teachers with the intent to learn from their
pedagogical expertise, scientists often report benefits such as learning to communicate to non-
scientists better, understanding the learning process better, and even understanding their own
research better (Gengarelly & Abrams, 2009; Siegel, Mlynarczyk-Evans, Brenner, & Nielsen,
2005; Tomanek, 2005). Further, scientists can benefit from partnerships in advancing their own
research agendas by engaging teachers and students to collect data and work in their labs
(Eberbach & Crowley, 2009; Sadler, Burgin, McKinney, & Ponjuan, 2010).

In order to foster greater success and sustainability in science education partnerships,
leaders in the field are promoting a vision that moves away from individual outreach programs,
and toward full institutional science education partnerships between universities and school
districts that are mutually beneficial (Cole, 2005; Dolan & Tanner, 2005; Sussman, 1993;
Tomanek, 2005; Usselman, 2004). This vision includes the following points: “1) the adoption
of a mutual learning model of partnership, 2) the integration of partnership into the training of
scientists, and 3) the development of sustained infrastructures for partnership” (Dolan & Tanner,
2005, p. 35). Further, arguments are being made to engage scientist educators who are
professional hybrids with experience both as research scientists and K-12 educators to promote
collaboration and communication among scientists and teachers (Bellamy, 2005; Shepherd,
2008; Sussman, 1993; Tanner et al., 2003). Finally, partnerships based on institutional
commitment are promoted as a means for stability and sustainability (Granger, 2004; Shepherd,
2008).

While the challenges to collaborations between scientists and K-12 educators are well
documented, and a model of institutional partnerships that are mutually beneficial is being
promoted, research into specific ways to foster such science education partnerships are sparse.

In order to identify policies and strategies to foster science education partnerships between



university scientists and K-12 educators, it is critical that they be studied methodically and

empirically.

Purpose of the Study

The purpose of this study was to describe the dynamic culture of a unique science
education partnership that implements recommended and innovative approaches to collaboration
between universities and school districts in science education. Using case study methods and a
post-structuralist philosophical framework, a detailed account of the inception, evolution and
practice of the partnership has been produced, taking into account the multiple perspectives of
participants. In doing so, the study aimed to identify means of fostering successful
collaborations in university / school district partnerships in science education. For purposes of
this study, the partnership was defined generally as the activities and engagement involving
individuals from both institutions, as well as students participating in the activities generated by
the partnership from its inception in Spring 2008 until Spring 2011. The findings from this case
study can offer significant contributions to the literature by informing the science education
community of ways to foster a meaningful, collaborative partnership between scientists and

science teachers.

Research Questions
| was interested in gaining insight into how scientist / educator partnerships develop in
detail. My experiences as both educator and scientist have taught me that rich and unique
contexts relate to each of these fields, and they come into dynamic play in partnerships between
the two. Understanding a partnership at this point seems intractable from understanding its
context. Therefore, the central question of this study was: What is the culture of a science
education partnership between a university and a K-12 school district?
Questions that are embedded in this central question and that were addressed in the study
were:
1. How has the partnership between the university and the school district
developed?
2. What are the emerging issues, such as outcomes, successes and challenges, of

the partnership?



3. How have multiple constituents (administrators, teachers, students, scientists)

experienced the partnership?

Overview of the Study

This research is a qualitative case study that aimed to understand the dynamics of a
unique partnership between a Midwestern research university and a regional K-12 school district
that focuses on high school curriculum and implements innovative approaches to institutional
collaboration.

The nature of partnerships, by definition, is that individuals come together to share
different perspectives in order to generate more than one could do alone. In order to highlight
this essential plurality, I utilized a post-structural philosophical framework, which emphasized
that a multiplicity of views, perspectives and contexts form a given reality. Post-structuralism is
based on the recognition that assumptions, beliefs, values and practices differ from person to
person, and that even when these are shared among individuals, they inevitably change over
time. The overall approach, design and methods for data collection and analysis were informed
by this framework. The findings of this study will help inform policy development for program
design and funding, and inform effective learning practices for students, teachers and scientists
engaged in high school science.

The partnership to be studied generated a number of programs, and these were given
particular attention as embedded units of analysis. Therefore, | used a single-case, embedded
case study design (Yin, 2009) in order to focus on the overall context of the partnership as well
as individual programs. Data collection was from several sources. As coordinator of the
partnership, | was in the role of a participant observer, collecting data on meetings, programs and
events through field notes. To elucidate multiple perspectives, | conducted interviews with
administrators, teachers, scientists and students, and conducted direct field observations over the
course of six months. Additional data sources included documents such as meeting minutes and
progress reports, archival records such as demographic data, and physical artifacts such as
photographs and student work. By using these multiple sources, | aimed to capture and represent
different individuals’ perspectives, recognizing potential differences in perspectives based on

professional culture, institutional rank, roles and responsibilities, and individual experiences.



Data was analyzed using analytic induction, which calls for finding the commonalities in
data, leading to a description and then explanation of that phenomenon (Krathwohl, 2004). Yin
(2009) refers to this as pattern matching and explanation building. Categorical aggregation using
coding techniques was applied to find correspondence of themes and patterns across data sources
(Stake, 1995). | created analytic memos and annotations to reference original data sources for
re-examination. In addition, I relied on direct interpretation, the process of analysis and
synthesis that Stake (1995) describes as “trying to pull it apart and put it back together again
more meaningfully” (p. 75). To check against my assertions of patterns and explanations of
phenomena, | explored potential rival explanations.

The research questions and embedded design structured the analysis as | looked for
answers to the questions from an overall partnership perspective, as well as from the perspective
of each embedded program. | created a time sequence analysis for the overall partnership to

provide an analytic backbone to explain phenomena as they occurred.

Significance of the Study

Although university / school district partnerships in science education have a long
history, and are increasingly encouraged by policy-makers, with scientists and educators often
eager to partner with each other, common challenges to implementing such partnerships are well
documented. Yet understanding the means of fostering collaboration are not well studied (Dolan
& Tanner, 2005; Drayton & Falk, 2006; Tanner et al., 2003). This study makes significant
contributions to the literature on science education partnerships by informing the science
education community of ways to foster a meaningful, collaborative partnership between
scientists and science educators. It describes in detail the culture of an active science education
partnership between a university and a school district, elucidating its inception, development,
challenges, strategies, dynamics and outcomes. It draws upon recognized empirical
methodologies and uses multiple data sources and represents multiple perspectives. Such studies

are especially sparse in the literature base, which currently relies largely on practitioners’ reports.

Limitations of the Study

This study is limited by certain features. While case studies are immensely helpful for

examining complex dynamics of a phenomenon, they are specifically situated in a unique



context. This context limits generalizability in a number of ways. Both the university and the
school district are considered suburban, therefore study findings may not be transferrable to
urban or rural settings. Additionally, while students from both the university and school district
are composed of some racial and ethnic diversity, both populations are predominately white.
Therefore, study findings may be used to further reify the advantages of a white population
rather than contributing to addressing the issues of educational inequalities. For example, the
school district has placed high value on creating professional — technical high school tracks that
students can choose. In addition, certain specialized resources are concentrated in these
programs, allowing for advanced equipment and supplies that might not usually be found in
general high school classrooms. Likewise, the university is a nationally ranked research
university, and many universities and colleges do not have the same research resources. In these
ways, this case is not representative or typical of other university / school district partnerships,
even though it may serve as a model for what can work well.

My position as an insider might hinder providing insights that are free from a researcher’s
bias and subjectivity. | participated as an insider in this particular partnership, and I was in a
unique position to enter easily into both the school district and scientist cultures. | experienced
my own daily sense of success and challenge in the partnership. While I believe this perspective
served more as a strength than a liability, there is naturally opportunity for inaccurate
representation based on my biases. | relied on corrective procedures such as member checking
and peer review of this work to present reliable and accurate findings.

Delimitations of the Study

The case in consideration was a science education partnership between a Midwestern
university and school district that took place within the context of a new satellite campus of the
university with a focus on applied biological research, and a suburban school district in the same
city. For purposes of this study, the partnership will be defined generally as the activities and
engagement involving individuals from both the university and the school district, and students
participating in the activities generated by the partnership from its inception in Spring 2008 until
Spring 2011.

The embedded partnership programs to be studied are bound by two criteria. First, they

constitute innovations that are unique and direct outcomes of the collaboration, rather than events



such as field trips or lectures that already existed in each institution alone. Second, they focus on

the integration of research with high school education.

Definitions of Terms

Case study: A research study that investigates a specific, bounded person, institution, thing, or
phenomenon in which multiple data sources are used to understand the case within its
natural context.

Categorical aggregation: An analytic technique whereby categories of phenomena and issues
are identified from the data and coded accordingly, so that aggregates of instances of
such common categories are formed.

Culture: The set of shared ideas, customs, social behavior, attitudes, practices, common
meanings and values that characterize the functioning of a group or organization of
people.

Education reform: Efforts to change the practices of education in order to improve it, often
driven by ideas or cultural trends.

Equity: (1) In terms of a relationship, such as in a partnership between organizations, the sense
of fairly distributed inputs and outputs between partners, and the sense of fairly
distributed power and value. (2) In terms of education, equity refers to ensuring everyone
has a fair chance at the same opportunities, which may require investing more in
disadvantaged students than in advantaged students.

Partnership: An agreement among organizations to cooperate and work together to advance
their own interests and goals. For purposes of this study, the partnership will be defined
generally as the activities and engagement involving individuals from both institutions,
and students participating in the activities generated by the partnership, from its inception
in Spring 2008 until Spring 2011.

Satellite campus: A campus associated with a larger university but that is physically distant and
detached from the main large campus.

Science education: The field of education primarily concerned with sharing the content,
practice, and history of science with students and other non-scientists.

Scientist: A trained professional engaged in systematic methods of acquiring knowledge, who

engages with a community of fellow scientists to share findings, and who is recognized



by them. Although scientists practice in numerous fields, including social science and
psychology, for the purposes of this study in science education partnerships, the term
scientist is used primarily to refer to natural scientists (i.e., biologists, chemists,
physicists, geologists, etc.). University scientists also typically engage in research,
teaching and administration.

Standard-based reforms: The educational reform movement driven by the idea that
educational practices should be aligned to student achievement assessments that are
based on concrete and measureable standards that identify what students should know
and be able to demonstrate at specific grade levels.

Time series analysis: An analytic technique used to compile events chronologically with the
goal of providing the basis for causal inferences of events and/or phenomena.

Twenty-first century education: Educational reform movements driven by the idea that
modern students need to be educated to be effective citizens in a globally competitive
workforce. Twenty-first century education movements emphasize traditional subjects,
and especially literacy in math, science and technology, geography and foreign
languages, critical thinking and problem solving, communication, collaboration, and

innovation.
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CHAPTER 2 - Literature Review

For such partnerships to work well, many different perspectives need to be considered. 1
situate this study within a post-structuralist framework as this philosophical tradition emphasizes
the value of multiple viewpoints. In the first section of the literature review, | discuss post-
structuralism as a theoretical framework. The history of science education and science education
reform in the United States offers lessons in the legacy of multiple motivations, pressures and
agendas science education faces today. In the second main section below, | review science
education reform movements, especially in relation to the interactions of scientists and K-12
schools. The final section hones in specifically on scientist / school partnerships to understand

some of the special considerations and strategies in collaborating between the two cultures.

Theoretical Framework: Post-structuralism

Post-structuralism is a useful theoretical lens through which to orient this study, since this
philosophical orientation attends to the multiplicity of views, perspectives and contexts that form
a given reality. History reveals that perspectives change over time, and the fields of science and
education are no exception. Even at the same point in time, we confront a multiplicity of
assumptions, methods, values and practices when comparing distinct fields of science or cultural
contexts of education (Anderson, 2007).

One needs only to recall the lessons of Copernicus and Galileo to recognize that the
understanding and practice of science changes over time. Thomas Kuhn elucidates the subject in
The Structure of Scientific Revolutions (1962), describing how scientific cultures and practices
constrain and define what is considered knowledge and how such cultures change over time,
affecting what is considered knowledge in any given point. In the present day, natural science
embraces multiple forms of practice and assumptions, not just one method. In fact, much has
been written on the myth of “the” scientific method and the fact that natural science research
actually employs multiple methods that include descriptive, experimental, modeling, inferential,
and theoretical techniques, depending on the context (Bauer, 1992; Rudolph, 2000, 2005a).

The field of science education is and has been the concern of diverse groups of people
whose interests are often in tension with one another. Scientists, industry leaders and

government officials are concerned with recruiting and maintaining a highly trained workforce in
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the sciences (National Academy of Sciences, 2007a). Many civic-minded people argue that
science education is important for the maintenance of a scientifically literate and democratic
society, not only for training scientists (Aikenhead, 2005; American Association for the
Advancement of Science, 1990). Science teachers may be assumed to have a personal interest
and often a passion for scientific subjects and for sharing these with students, as well as an
interest in recruiting students into scientific fields (Hewson, 2007). Educational administrators
have motives for including or excluding science education in their schools, for how science is
positioned in the overall curriculum, and the resources made available to support science
education (Rudolph, 2002). Educational experts, including those that train teachers in colleges
and universities, provide recommendations and training platforms often based on current
research in pedagogy (Loucks-Horsley, Love, Stiles, Mundry, & Hewson, 2003). Government
officials pass laws, develop programs, impose policies, and allocate funding to science education
based on current trends in society, the values of their constituents, expert advice, and perhaps
even a measured long-term view of where they would like society to be in the future (Atkin &
Black, 2007). Parents are usually deeply interested in the education their children receive, with
many having their own views, positive or negative, about science and the role it might play in the
lives of their children (Organisation for Economic Co-operation and Development, 2009).
Finally, students themselves are at the center of science education, and they bring their own
hopes, interests, desires, experiences, understandings and aspirations to not only their general
education, but to science subjects they are exposed to (Donnelly, 2006).

Schwab argues that the history of science curriculum reform efforts can be seen in the
light of various groups having greater or lesser power and influence: “the child-centered
curriculums of Progressivism; the social-change-centered curriculums of the 1930s; the subject-
matter-centered curriculums of recent reforms; the teacher-centered curriculums which may arise
from unionism” (Schwab, 1973, p. 509). At times scientists control curriculum reform efforts,
with the support of government leaders. At times educational specialists or schools have more
power. Anderson (2007) argues for the validity of critical philosophical orientations (which
includes post-structuralism) in relation to science education research, pointing to the dynamics of
power between dominant classes and marginalized or “disadvantaged” populations, and how

these affect student learning and understanding of science (pp. 21-26).
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Since this study examines the various viewpoints of science, scientists, and science
education, a post-structuralist theoretical framework was used to take into account the
understanding that meaning is not single-sided, but a result of discourse — and the quality of
discourse — among multiple stakeholders. Although post-structuralists draw from a variety of
sources without necessarily sharing a set of uniform assumptions, they are united in their
rejection of structuralism — a school of thought that is based on the principle of an external,
objective and universal truth (Alvesson & Skoldberg, 2000; M. Peters, 1998). Post-structuralist
philosophy, in fact, emerged from structuralism, and it is especially illuminating in relation to
science and science education to understand this evolution. The following section discusses how

post-structuralism evolved from structuralism.

From Structuralism to Post-structuralism: Piaget

Structuralism, which originated in the field of linguistics, posits that knowledge and
behavior are based on underlying structural foundations, for instance, brain structures, or an
inherent conceptual structure native to a particular discipline (e.g., biology, chemistry, history).
Peters and Burbules (2004) summarize structuralism this way:

[I]n the same way that language is structured by a grammar and other rules that allow us

to organize our speech intelligibly, even when we are not aware of and cannot articulate

those structures, so too are cultures and societies organized by structures that their

participants may not be aware of, but which nevertheless give their social practices and

institutions coherence and meaning. (p. 15)

As implied above, structuralism was eventually applied to disciplines other than
linguistics, including anthropology and psychiatry, and was related to the movement of European
formalism, which became popular in the late 1950s and 1960s (M. Peters, 1998). Structuralism
is based on a sense of realism — that the external world or laws exist independently of our
representations of it. One of the most influential structuralists was Claude Lévi-Strauss, who
published Anthropologie Structurale in 1958 (published in English in 1968 as Structural
Anthropology), in which he described a method to find the “unconscious structure” or general

laws of a cultural system.
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The development of structuralism toward post-structuralism can be seen in the life of
Swiss psychologist Jean Piaget, who published his book Structuralism in 1968. Piaget
characterized a structure as a “system of transformation” that involves laws, emphasizing,
according to Peters & Burbules (2004), that “the nature of structured wholes depends upon their
laws of composition that in turn govern the transformations of the system” (p. 16). Embedded
in this structuralist framework is Piaget’s theory of cognitive development in children, wherein
he identified progressive developmental stages that transform one into the next following natural
laws. Piaget developed his theory of cognitive development through empirical research on how
children’s concepts of scientific principles change over time (Anderson, 2007). Throughout his
lifetime, however, his theory became more nuanced and complex. In the end, Piaget became
known as the founder of constructivism (M. A. Peters & Burbules, 2004), the learning theory
that posits that a person’s understanding and meaning is individually constructed based on
previous understanding and new experiences.

Lev Vygotsky, a Russian contemporary of Piaget’s, elaborated on Piaget’s learning
theory, placing more emphasis on the social component in learning, which came to be known as
social constructivism. Vygotsky distinguished between spontaneous thinking, concepts that arise
in a child’s everyday experience, and scientific thinking, concepts that arise from work within a
formal conceptual structure that may be explicitly taught for instance, in a social context either
formally or informally (Bransford, Brown, & Cocking, 2000; Carlsen, 2007). While Piaget
emphasized “how children learn from their interactions with the material world,” Vygotsky
emphasized “how children learn from their participation in activities with other people”
(Anderson, 2007, p. 14). The trajectory of how social constructivist learning theory evolved
from structuralism is similar to how post-structuralist philosophy evolved from structuralism.
This evolution involves the recognition that multiple influences, perspectives and contexts help
fashion understanding, and also that meaning is individually constructed, not necessarily
conforming to external laws. Larkin (2004) notes, “Constructionists and post-structuralists share
a postmodern rejection of such concepts as objectivity, reality and truth” (Origins section, third
paragraph). In fact Burman (2007) argues that post-structuralist thought was directly influenced
by the development of Piaget’s learning theory.

Another important extension of Piaget’s original learning theory is known as conceptual

change theory, which emerged when investigators began to tie Piaget’s work together with that
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of post-structuralists Thomas Kuhn and Michel Foucault (Anderson, 2007; Posner, Strike,
Hewson, & Gertzog, 1982). Both Kuhn and Foucault emphasized the historical and cultural
contexts of knowledge. Kuhn in particular discussed the shifts in scientific paradigms that occur
when enough evidence conflicts with prevailing ideas, so that the ideas themselves change
(Kuhn, 1962). This analysis of cultural shifts is similar to Piaget’s analysis of individual
cognitive shifts, which Piaget describes as occurring after individual experiences accrue that
conflict with an internal concept, causing cognitive dissonance, which can then be resolved by
accommodating a new view or expanded concept (Anderson, 2007). Posner and colleagues
pulled the threads together between Piaget and Kuhn in a seminal paper (1982) describing
conceptual change theory and spawning decades of subsequent research (Anderson, 2007).
Prominently known as a cognitive psychologist, Piaget also became widely recognized as
an epistemologist, and even a “meta-epistemologist” (Burman, 2007; Tsou, 2006). The
evolution of Piaget’s theories was strongly influenced by Thomas Kuhn and Michel Foucault,
both of whom were centrally involved in the emergence of post-structuralism from structuralism
(Burman, 2007).
As [Piaget’s] interests became increasingly theoretical through the 1960s, Piaget had
indeed turned to Kuhn in the course of expanding his own epistemological system.
Furthermore, he had concluded that the paradigm concept was too limited to serve as a
basis for a general theory of knowledge because it is merely descriptive of the intellectual
trends that follow epistemic ‘mutations.” The later works ... are thus reflections of a long
process of discovery; they are bound up with attempts at formalizing the theory
underlying his earlier empirical work with children and generalizing psychogenesis in
application to the social transmission of knowledge. But they are also based upon
evolutionary-developmental processes with roots in both the history of biology and the
history of psychology: Piaget’s is a complex epistemology, biologically grounded and
empirically informed. (Burman, 2007, pp. 721-722)

What Piaget, Kuhn and Foucault all wrestled with was the existence, or lack thereof, of
unifying structures of knowledge and development within a multiplicity of social and cultural
contexts. Piaget retained the strongest sense of organizing structure, as his theory integrated the

biological view of melding phylogeny with ontogeny, an approach often termed genetic
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epistemology (Tsou, 2006). Piaget can be seen as a transitional figure between structuralism and

post-structuralism, however the balance in his case must be tipped toward the former.

Post-structuralism: Kuhn and Foucault

Although post-structuralism is often considered a counter-philosophy to structuralism, M.
Peters (1998) argues that post-structuralism actually forms a continuity with structuralism by
extending its boundaries. For instance, while structuralists see the world as having an inherent
truth with individuals conceiving of that truth in a structured way, post-structuralists emphasize
the interplay between the world and the individual within a cultural and social context as the
means whereby knowledge is constructed. Post-structuralism finds its roots in Friedrich
Nietzsche, who emphasized a multiplicity of perspectives and interpretation over universal truth,
the important drive of the will to gain power or influence over others, the importance of
discourse in constituting knowledge, and the fluidity of self-identity (M. Peters, 1998). Post-
structuralism emphasizes that knowledge is historically and culturally situated, and can best be
understood by investigating the conditions of its emergence. Thomas Kuhn and Michel
Foucault, two transitional figures between structuralism and post-structuralism, are discussed
below (Burman, 2007; M. A. Peters & Burbules, 2004).

Thomas Kuhn, in his book, The Structure of Scientific Revolution (1962), set forth an
unorthodox perspective of science that emphasized the primacy of cultural context in scientific
thinking. Kuhn was a physicist who conducted research on radar during World War |1 at
Harvard, and continued to teach there after the war. He taught an introductory course in science
for non-majors designed by James B. Conant, President of Harvard, and based on a series of case
studies of scientists and their influence on society (J. B. Conant & Nash, 1957a, 1957b). In
situating scientists and scientific knowledge within historical contexts, this curriculum directly
challenged “the positivism and realism inherent in traditional science courses” (Aikenhead,
2005, p. 884). Kuhn expanded on these ideas, setting them forth in his treatise The Structure of
Scientific Revolution (1962).

Kuhn describes “normal science” as the activity of puzzle-solving. He maintains that, to
a large degree, the fascination for scientists in normal day-to-day research problems lies in this

reality:
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Though its outcome can be anticipated, often in detail so great that what remains to be
known is itself uninteresting, the way to achieve that outcome remains very much in
doubt. Bringing a normal research problem to a conclusion is achieving the anticipated
in a new way, and it requires the solution of all sorts of complex instrumental, conceptual
and mathematical puzzles. The man who succeeds proves himself an expert puzzle-
solver, and the challenge of the puzzle is an important part of what usually drives him
on....

What then challenges him [the scientist] is the conviction that, if only he is
skillful enough, he will succeed in solving a puzzle that no one before has solved or
solved so well. (Kuhn, 1962, pp. 36-38)

Kuhn suggests that each scientific discipline has its own rules and restrictions, which put
together, can be described as the discipline’s paradigm. These rules include undertaking
problems that the community deems within its bounds, an established viewpoint or
preconception. “A paradigm can, for that matter, even insulate the community from those
socially important problems that are not reducible to the puzzle form, because they cannot be
stated in terms of the conceptual and instrumental tools the paradigm supplies” (Kuhn, 1962, p.
37). These amount to scientific laws, concepts and theories. They not only set the parameters of
the puzzle and the type of instrumentation to be employed, but they also limit acceptable
solutions.

Kuhn describes, then, an anomaly as “new and unsuspected phenomena” that are
uncovered by scientific research (Kuhn, 1962, p. 52). Yet he points out that an anomaly on its
own likely never produces a change in the scientific paradigm. Rather, there tends to be
“extended episodes” where anomalies are first noticed by researchers in the scientific
community, but they don’t cause an immediate shift in the conceptual framework. They are just
noticed. Sometimes scientists suspect there was an error in their own work and try it again;
sometimes the fact is tucked away as a puzzle to be solved; sometimes it is simply ignored.
Kuhn points to a period, then, where these unexpected violations of the paradigmatic
expectations are explored directly. Finally an adjustment is made in the scientific concepts so
that “the scientist has learned to see nature in a different way,” and those adjustments are

incorporated into the scientific community (Kuhn, 1962, p. 53).
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The similarities between Kuhn and Piaget have to do with shifts that occur in conceptual
understanding. However, while Piaget’s concern is the individual person situated within a single
lifetime, Kuhn’s concern is the scientific community situated within an historical cultural
context. It is the emphasis on the historical cultural context, and the relativism of that, that
places Kuhn as a post-structuralist.

In spite of Kuhn’s work in the United States, post-structuralism is often considered to
have originated in France during the decades following World War I1, with Michel Foucault
recognized as one of the most influential members of that founding generation. Foucault grew
up in France during World War I1, with the overbearing occupation of the Nazis and the horrors
they inflicted on communities. Foucault undoubtedly reflected on the social acts of commission,
omission, and compliance with the Nazis (Roudinesco, 2008). He originally trained in
philosophy, but abandoned it for psychology, earning his license in 1951, and subsequently
earning a diploma in psychopathology. Foucault worked in psychiatric institutions and prisons,
taught and worked abroad, and finally completed his doctorate on “the history of madness” in
1964 (J. Marshall, 1998, p. 66). In 1968 he became Head of Philosophy at the experimental
university at Vincennes, just in time for the student revolutions. The next years were turbulent
with endless student protests, in which the philosophy department engaged and encouraged.
These protests in France at this time nearly toppled the state government (J. Marshall, 1998).

Like Kuhn and other philosophers who are considered post-structuralists, Michel
Foucault did not claim the label himself. Yet Foucault effectively defines himself as such in his
critique of structuralism in The Order of Things (1973), in which he points out the fallacy of
assuming every discipline has its own independent structural framework. While Kuhn was
primarily interested in the progression of scientific thought, Foucault concerns himself with
additional disciplines. In The Order of Things (1973), he compares the histories of economics,
linguistics and biology as examples showing how the progression of ideas in one discipline
influences those in the other disciplines, and how old ideas are replaced by new ones in
progressing eras of time. In fact, Foucault argues that these three diverse fields — economics,
linguistics and biology — have been more similar to each other during each era, than each field
has been to itself in separate eras. Foucault calls the progressive eras “epistemes,” proposing
that in each episteme there are certain respected and understood ways of knowing

(epistemologies), accepted kinds of knowledge that are valued, and accepted assumptions. In
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comparing previous epistemes to the modern one, he illustrates the transitory nature of any
accepted epistemological framework in a given time, including the one we accept today.
Foucault underscores the point that all human knowledge is socially constructed in relation to
experiences of the world, and that diverse perspectives and cultural contexts must be taken into
consideration to understand “knowledge” (Foucault, 1973).

More than Piaget or Kuhn, Foucault elucidates the transitory nature of understanding,
especially regarding the dynamics of social context in constructing meaning. Foucault
particularly argues that meaning and understanding is contextual, including identity of the self.
He resists defining oneself, or structures of power, but rather is interested in the relationships
and discourse by which knowledge and power exist. J. Marshall (1998) states, “According to
Foucault’s strict nominalism, power only exists when power relationships come into play” (p.
73).

Foucault was deeply interested in the dynamics of power, of the state, of how individuals
are subjugated or subjugate themselves, and of how individuals are disciplined to conform to the
norm. He argued, however, that he was primarily concerned with situating phenomena within
historical cultural contexts, as he stated in an interview in 1980: “The goal of my work during the
last twenty years has not been to analyze the phenomena of power, nor to elaborate the
foundations of such an analysis. My objective, instead, has been to create a history of the
different modes by which, in our culture, human beings are made subjects” (Rabinow, 2010, p.
7).

For instance, (bearing in mind his training in psychiatry) Foucault identified several
modes of objectifying “the subject,” including: 1) “dividing practices,” such as the isolation of
lepers during the Middle Ages, the confinement of the mentally ill, the classification of diseases
and practices of modern medicine; 2) “scientific classification,” the separation of understanding
by different disciplines such as the natural sciences and humanities, whereby discourse is
contained within the social practices and institutions within which they are embedded; and 3)
“subjectification,” the ways in which an individual actively turns herself into a subject, such as in
engaging in psychoanalysis or medical treatment, or some other act of self-understanding
mediated by an external authority figure (Rabinow, 2010, pp. 7-11).

Foucault’s outlook reflected a continental philosophical approach that was concerned

with the self and self-development. This reflexive orientation differed from an Anglo-American
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approach, as exemplified by Kuhn, that taught philosophy through its history of ideas (J.

Marshall, 1998).
The point of doing philosophy for Foucault was to work upon the self to transcend the
intellectual, social, and moral cages that the enlightenment notion of freedom and
emancipation through knowledge mistakenly offers. Teaching was not to fit the
individual into a certain aspect of society but to permit individuals to change, to
transcend the normalizing classifications and objectifications that permitted them to be
allotted in appropriate docile positions in society. (J. Marshall, 1998, p. 71)

Kuhn and Foucault focus on the culture or the individual within a culture, while Piaget
attends primarily to individual cognition. All are concerned that knowledge or understanding is
situated within developmental, temporal and environmental contexts, and that understanding will
shift when enough anomalies to the prevailing paradigm present themselves to effect an
uncomfortable or puzzling disequilibrium, precipitating a fundamental shift in understanding — or
in Kuhn’s terms, a paradigm shift (Burman, 2007; Tsou, 2006). However, Foucault takes it a
step further in situating knowledge in dynamics of power, of inclusion and exclusion. Kuhn
implies this perspective when he illustrates how prevailing scientific theories or concepts are
maintained within the mores of the relevant scientific communities. But Foucault explicitly sets
the stage for what today in education are described as issues of diversity and differentiated
learning. Anderson (2007), for instance, reviews the critical philosophical tradition in relation to
science education, noting that scientific literacy means social and personal empowerment for

many, as well as exclusion from such empowerment for others.

Post-structuralist Implications for Science Education Research
While Foucault’s earlier work could tend toward the fatalistic and deterministic, he later
affirmed the possibilities of freedom through resistance. J. Marshall (1998) notes that, according
to Foucault, “Power can only exist where there is a possibility of resistance and, thereby, the
attainment of freedom. Power is no longer an omnipresent and overarching presence but, rather,
an open and strategic game” (p. 75). Hence, researchers using a post-structuralist framework

will examine the discourse between individuals in given situations to analyze how power comes
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into existence and is managed, how institutions discipline their constituents into normative
behavior, and how individuals find their own self-identity.

Foucault is adamant that education must be non-manipulative and must permit us to
change at will. To do that we must be able to dissociate ourselves from the regimes of truth that
have classified, objectified, normalized, and constituted our identity as beings of a particular kind
(J. Marshall, 1998, p. 77). The construction of a genealogy, as Foucault accomplished in The
Order of Things, or creating narrative analyses are methods suggested for elucidating the
pluralities of meaning Foucault strove for (J. Marshall, 1998).

Peters and Burbules (2004) identify realms of post-structural investigation that are
summarized here:

1. examining how the socio-cultural structures contribute to individuals’ self-identities

2. examining the interrelations of constituent elements of environment and individuals

that comprise a culture

3. examining the hidden structures or socio-historical forces that, to a large extent,

constrain and govern behavior

4. examining the mutability of language, meaning and understanding

5. examining the plurality of interpretations by constituents (pp. 21-30)

The same authors further describe post-structuralist researchers being committed to social
and political change, and “conceive of their work as making a difference to their research
constituents, their colleagues, and themselves.... [and] a desire to want to change those aspects
of the social world that are seen as unjust, unequal, or plainly oppressive” (M. A. Peters &
Burbules, 2004, p. 99).

Post-structuralism developed as a reaction to a positivist view of science and the
implications of the authority of one universal truth. Within the fields of science today, a
plurality of scientific practices are recognized, and scientific conclusions are generally
considered tentative, with new findings often shifting or expanding understanding (National
Research Council, 1996a). In this view of science, post-structuralism is a helpful tool. Scientific
research, however, is often a black box that can conjure a sense of awe, mystique or

inaccessibility among many members of society, including students. How this sense of
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inaccessibility is constructed, and how it can be rectified so that science is more transparent, is of
interest to many engaged in science education.

Post-structuralism informs this study through the recognition that the self-identities of
partnership members, their perceived roles in the partnership, and the interactions of partnership
members, are influenced by the professional cultures of science and education (M. A. Peters &
B