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Even at thislate date, | amstill full of rage at a natural order which would have permitted
the evolution of something as distracting and irrelevant and disruptive as those great big
brains. ..

Kurt Vonnegut (1985), Galapagos

We will begin this discussion with an assertion: Preservice elementary teachers are not philosophers.
Thisisnot too surprising, given the fact that they are training to be teachers rather than philosophers. Yet,
as science methodsinstructors, we find oursel ves pushing these teachers-to-be to become as conversant with
the philosophy of science as philosophers, and to provide their students with a similar philosophical
familiarity, albeit on an elementary level. While this goal may seem overly lofty, we argue that the current
emphasis on the nature of science (NOS) in the science education reforms requires such philosophical
familiarity.

But clearly, understanding the NOS is difficult (e.g., Lederman, 1992). One reason for thisliesin the
fact that the concepts of NOS are so complex, being largely philosophical and based on abstract ideasrather
than physical actionsor objects; and, these particular conceptstrace back to the very root of what knowledge
and knowingis(Johnston & Southerland, 2000). What scienceisrepresented to be on television versuswhat
itis represented to be by a philosopher or atheoretical particle physicist can be very different things. Itis
no wonder our preservice teachers often leave our classrooms more confused on NOS issuesthan when they
entered.

What' s more, as has been described in the literature (Abd-El-Khalick & Lederman, 1998), we seldom
explicitly address NOS concepts in classroom settings. Perhaps because they are difficult concepts to
negotiate and learn, we have atendency not to teach them in our classrooms. Thus, there exists avicious
feedback loop: We do not explicitly teach that which we do not ourselves understand, and as a result, our
students never come to appreciate that NOS concepts even exist. When the concepts themselves are not
explicitly addressed, they can be assumed to be trivia rather than fundamental. Learners, if they ever
become teachers themselves, take this assumption with them into their own classrooms.

The problem is even more complicated and troublesome than this. If we do make explicit attempts to
teach NOS understandings, consider that we are asking our learners to think about knowledge, redlity, and
the processes of understanding when we ask them to think about the NOS. Such considerations could
naturally have deep interaction with alearner’ spersonal beliefs, motivations, and attitudes—that which goes
beyond the conceptsthat lie within the reach of logical, rational thinking and are more deeply influenced by
what wecall extra-rational factors. Thisresearch describesavery deep and complicated interaction between
four learners’ understandings and teachings of what scienceisand how such knowledgeinteractswith extra-
rational evaluations.

Background

In scienceeducation, researchinto conceptual change and alternative conceptions, and research analyzing
nature of science (NOS) conceptions both have been prominent inthefield. Our work hasattempted to unite
thesetwo fields, in the hopethat both will be better informed by such anintersection. Specifically, wefocus
on the conception within the nature of science called way of knowing (Lederman, 1998) — the idea that
science is one very specific means of understanding the world, and that the understanding it produces is
directly affected by its means (Poole, 1996; Southerland, 2000). We look at how such an abstract concept
not only is determined by logical, deductive thought processes, but by a learner’s personal values and
affective associations with a particular concept.

Conceptua change theory has enjoyed a varied and widespread use in science education. Stemming
largely from the works of philosophers of science such as Kuhn (1970), science educators considered how
individual concepts, like scientific ones, have aninertial tendency to stay fixed. With conceptionsthat are



particularly deeply rooted in one’ s cognitive structure, it isthought that akind of conceptual revolution must
take place in order for a new ideato replace the old one. This, it was suggested, can only take place once
the learner understands the weakness of his existing conception, finds the new idea plausible, understands
the new idea, and realizesthat the new idea could be even more useful and applicable than the previous one
(Posner, Strike, Hewson, & Gertzog, 1982). It is suggested that many of our most sticky of conceptions
remain intact due to the fact that the pre-requisites for such areplacement are seldom fully realized.

While Strikeand Posner have continued to clarify and refinetheir original theory (Strike & Posner, 1985,
1992), others have also contributed further clarifications and variations on the conceptual change theme.
Many of these address more explicitly the way that concepts are interconnected and structured, such asis
described by Vosniadou (1994), diSessa (1993), or Chi (1993). Other researchers address more explicitly
the extra-rational factors that influence (or inhibit) conceptual change (Demastes-Southerland, Good, &
Peebles, 1995; Dole & Sinatra, 1998; Pintrich, Marx, & Boyle, 1993). If nothing else, these pieces of
research re-emphasize thefact that conceptual change (and learning in general) isacomplicated processthat
is effected and affected by many factors, both those internal and external to the learner, and both those
rational and extra-rational.

It is well documented that NOS conceptions have been difficult for students and teachers to fully
understand (e.g., Abd-El-Khalick, Bell, & Lederman, 1998; Abell & Smith, 1994; Gess-Newsome,
Southerland, & Johnston, 2000; Lederman, 1992, 1998; Southerland & Gess-Newsome, 1999) . What can
be demonstrated is that instruction that most explicitly addresses NOS concepts (Abd-El-Khalick &
Lederman, 1998), encourages|earnersto be aware of and reflect upon their own conceptions (Akerson, Abd-
El-Khalick, & Lederman, 2000), and/or causes dissatisfaction with their previous conceptions (Akerson &
Abd-El-Khalick, 2000) is most effective (though not completely effective) at enabling the learning of NOS
understandings most compatible with the standards of science education reform (AAAS, 1990, 1993;
National Research Council, 1995; National Science Teachers Association, 2000).

What islesswell documented iswhy NOS conceptsare so evasivefor learnersinthefirst place. Further,
conceptual change theory, while much more articulated than it was two decades ago, still has far to go to
fully describe the cognitive processes and structures utilized in replacing one concept with another. Thus,
a potentially fruitful research pursuit would be to integrate two lines of research into one: Analyze NOS
conceptions from the perspectives of conceptual change theory in order to better inform both areas of
research.

NOS conceptions are especialy informative for conceptual change research because they have the
potential to be sointeractivewith alearner’ sconceptual ecology —the overlying conceptual architecturethat
affects one’'s conceptions, including one’s affective and emotional attachment to a concept and values
pertaining to a concept (Demastes-Southerland et al., 1995; Pintrich et al., 1993; Strike & Posner, 1992).
How one perceives the nature of scienceto be, asis demonstrated in this study, is not only pieced together
through her formal classroom and other education experience, but through her life experience and her
personal values and commitments. We contend that the recognition of such an interconnection is not only
informative to the literature on NOS conceptions, but to the literature regarding conceptual change.

Setting the stage

Weviewed thisresearch asbeing naturalistic, in that theresearcher who collected data(first author) tried
to act as an outsider, creating a qualitative description of the research participants' conceptions of science.
At the same time, it was of the constructivist genre of research (Novak, Mintzes, & Wandersee, 2000)
because the researcher’s participation, in conjunction with that of the student participants, made the
collection of datawhat it is (as presented in the following sections). However, we still view ourselvesas a
postpositivists, claiming that there exists some realist truth towards which research can help us converge,
and that this construction has helped to piece together elements of said truth (Guba, 1990). Y et, one must
keep in mind that multipleinfluences, including those of the researchers, have helped to shape the data and
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itsinterpretation. Inaqualitative study such asthis, these multipleinfluences are unavoidable, yet they also
help to produce the depth of information desired in this research.

The scene

The participants of this study were students of a science course co-offered by the physics and chemistry
departments of Bonneville State, aregional state university in the intermountain west with a population of
about 14,000 students. The course, The Principles of Physical Science, fulfilled a general science
requirement of the university, and was one route to fulfilling a science laboratory requirement for the
elementary education program at Bonneville State. Instructing this course were two college of science
faculty (one from chemistry [Dr. Steinbeck] and one from physics [Dr. Hemingway]) who had each
traditionally taken aparticular interest in education and teacher preparation. Asaresult, thiscourse catered
to studentswho wereintending to enroll in the el ementary education certification program of the university.

In addition to being dedicated and gifted educators, these instructors had visions of science literacy that
mirrored reform documents of science education (AAAS, 1990, 1993; National Research Council, 1995).
Asdocumentedinabrief questionnaireandininformal conversations, Steinbeck emphasi zed that el ementary
teachers should have an idea of “how science is studied” in addition to understanding more traditional
conceptsthat are fundamental to physical science (SS_Q1). He contrasted thisto typical elementary school
curricula, which he portrayed as overemphasizing the memorization of facts. Hemingway, who was
responsible for teaching the first half of the course and the explicit instruction of NOS concepts, described
scienceas* an activeprocessof investigating” in order to uncover explanationsof “how the observableworld
works’ (BC_Q1). Asaresult of actually doing science in this course, students he has seen have become
more comfortable not only with the science concepts but also with the portrayal and practice of sciencein
an elementary classroom.

Theresearcher’ spresenceinthe courseconsisted of attending all classlecturesand laboratories. Inclass
lectures, the researcher sat with students in the class, taking field notes and tape recording lecture and any
discussion. Occasionally, the researcher would ask a question as any student in the class would have the
opportunity to, and in some specific instances he was asked to participate along with students in a class
activity. (For example, the researcher’s shoes were contributed for an activity and discussion on
categorization.) In laboratory sessions, the researcher wandered among the students and helped with any
problems or questions that they may have had. While not having the same authority in the class as one of
the two instructors (e.g., had no influence on grades), the researcher was regarded by students as a source
of help and information. So, while he was observing and taking field notes of lab sessions, he was also
interactive with students in the laboratories. In addition to all tape recordings and field notes, all class
sessions were described in afield journal (Richardson, 2000). This journal was comprised of narrative
accounts of what took place in class sessions.

The coursewas structured around lectures (twice aweek, 50 minutes each) and alab (once aweek, three
hours each). During lecture, concepts were explained, utilizing classroom demonstrations and student
participation. Concepts included not only those from physics and chemistry, but also those regarding the
nature of science, how it is conducted, and the assumptions upon which it isbased. Lab sessionswere used
tofirst explain (vialecture and demonstration) concepts specifically applicableto the exercise of the week,
and then for students to conduct experiments regarding these concepts, which could readily be adapted for
useintheelementary school setting. Explicit attention of the curriculum not only wasfocused on traditional
physical science concepts, but also the course explicitly focused on the nature of science and scientific
practice, especially as it applied to the elementary school classroom. Of 23 lecture topics outlined in the
coursesyllabus, thefirst five encountered had to do with the nature of science and itssub-concepts. Aslisted
on the course syllabus, these included:

+ Thenatureof science: how it isstudied, the scientific method, observations based on the senses.
» Measurement: measurement systems, measurement standards.
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+ Classification.
» Experimentation: experimental design, characteristics of good experimenters.
* Representing data: relative magnitudes, graphing.

In addition, the process of science and how it can be used in everyday reasoning, as well as in the
classroom, was emphasi zed throughout the course. Thisisparticularly truein thelaboratory sections of the
course, to which a large percentage of time (up to three out of five student contact hours each week) and
grading (twenty percent of thefinal grade) wasdevoted. Theresearcher sat in on classdiscussionsand labs
in order to verify that there did exist an emphasis on the nature of science.

This class had a novel approach, exhibiting a balance between emphasizing science, the nature of
science, and methods for elementary school teachers. This blend of emphases had the potentia to provide
the rich science background that a preservice elementary teacher should receive. Especially noteworthy,
however, was that NOS concepts were taught explicitly through direct instruction and laboratories, which
has been found to be much more effectivethan other traditional (i.e., implicit or historical addressing of NOS
concepts) curricula (e.g., Abd-El-Khalick et a., 1998; Gess-Newsome, 1999; L ederman, 1998; L ederman,
Schwartz, Abd-El-Khalick, & Bell, 1999). Even though this course did not emphasize NOS concepts as
much as these other studied courses have, nor did it utilize reflective activities to emphasize NOS
conceptions as recently shown to be effective by Akerson and colleagues (Akerson et al., 2000), in our
estimation, the emphasis that did exist on NOS concepts was explicit and deliberate. Moreover, these
concepts were covered early in the course, before most of the interview probes were used. It wasfor these
reasons that, despite the recognition that conceptual changes in NOS are difficult, we expected at |east
moderate gains in student NOS understandings.

Explicit instruction on NOS concepts was documented in field notes and field journals. It should be
taken into account that the greatest amount of classtime spent on NOS concepts was at the beginning of the
course, during thefirst threeweeks. After thesefirst threeweeks, most NOS coveragethat was made explicit
was tied in with other concepts (doing an experiment in Newton's laws, for example) and was not the
primary focus of the lesson. However, atheme that was emphasized throughout the entire course was the
modeling of how science proceeds: how it collects data, evaluates evidence, and builds explanations. This
was incorporated into lecture demonstrations as well as into the laboratories in which the students
participated. Also, Hemingway, who wasresponsiblefor lectures concerning NOS concepts, was especially
apt to make specific comments about the abilities and limitations of science (e.g., “I shouldn’t say ‘truth’ in
a science class, but that’s the best we know,” [Lec7.2]) and how science works (e.g., describing how the
nature of light was not so much discovered through direct observation asit was implied through Maxwell’s
theoretical analysis[Lec10.1]).

The cast

The most important part of the cast for the purposes of this study were, of course, the students. Of the
twenty-five students who completed the course, all but one were majoring in elementary education. These
elementary education majorswere at apreliminary stagein their course of study, having not been officially
accepted in the teacher certification program, but taking coursework required for this program. The great
majority of studentswere female —there were only three males enrolled in the course. AsBonneville State
is aregional undergraduate university, students of this class typically came from the local area and were
living off campus, either with family or aspouse. Most students had alimited science background (i.e., non-
science majors), but were willing to see how science could be applied to their eventual classroom practice
and pedagogy. Many studentsenrolled in thiscourse because, in addition to satisfying general education and
major coursework, it was preferableto other coursesin physics, chemistry, thelife sciences, etc. Many took
the course with little preference for one mode of scientific discipline over another, and had ended up in this
particular class because an advisor suggested it and/or because it fit easily into their class and/or work
schedule.



Case study selection

The case studieswere meant to study conceptions undergoing devel opment and change. They werealso
meant to study such conceptions for preservice elementary school teachers. Thus, it was important to be
careful to select candidates purposefully, through criterion-based procedures (LeCompte & Preisse, 1993).
The criteriafor the case study participants of this research were that the studentsintended to be elementary
teachers and that they exhibited a potential for conceptual change in the area of NOS conceptions.
Furthermore, the partici pantswere sought out in order to have arange of NOSunderstandings. Finally, some
attempt was made to identify students who were most willing and able to participate in interview sessions
that were held roughly every two weeks during an entire semester.

Of thisclass' population of students, four case study participants were selected for thisresearch. To
select students, a survey asking for demographic information was utilized. Thiswas used to select students
who were preservice elementary teachers. In addition, two NOS instruments were used: a science
questionnaire (asfirst employed by Abell and Smith (1994)), and theNatureof Scientific Knowledge Survey,
or NSKS (Rubba & Anderson, 1978). By analyzing the responsesto this questionnaire and survey, agroup
of four students was selected so that they both exhibited the potential to gain in their NOS understandings
fromthis course; and that they each showed some differencesintheir original conceptions. Asit turned out,
such featureswererelatively easy to find, and all four case study participants described in the datato follow
were willing and cooperative in this study.

While four candidates were chosen based on these criteria, one participant had to drop out of the study
early in the semester. In her place, Joni was asked to and showed a great willingness to volunteer in the
research. Not only were Joni’ squestionnaireand NSK Sresultsof interest, but her outgoingnessinthe course
demonstrated that she would be able to contribute quite effectively to the case study data. Michelle, Laura,
and Jamie were the other case study volunteers. Each of theseindividualsisidentified by apseudonym that
was either selected by herself or by the researcher.

Data sources

In order to describe in detail the case study participants' NOS conceptions, in-depth, qualitative case
studies were in order. Besides the preliminary instruments described above, each case study learner
participated in seven interview sessions, each containing multiple probes. In addition, each participant
completed afinal, written instrument that mirrored the preliminary science questionnaire and NSKS. All
interview probes were tape recorded and transcribed by the researcher. Transcripts included not only all
verbal communications, but also noted instances of laughter, pause, sighs, exclamation, etc.

The mgjority of the data for these case studies were produced using multiple qualitative probes of the
four participants. These probeswere primarily based on avariety of interview techniques. Theseincluded
not only direct questions about the nature of science (e.g., “What is science? What is the purpose of
science?’), but also “interviews about instances” (Southerland, Smith, & Cummins, 2000), or “l1AlS’. These
probes had students respond to various prompts, such as avideo, areading passage, or a specific situation.
Onesuch situationisknown asa“critical incident,” inwhich thelearner isasked about apotential classroom
situation in which sheisthe hypothetical teacher (Hewson & Hewson, 1989; Nott & Wellington, 1998). For
this research, our data analysis was especially focused on a set of CI’s for which case study participants
explain how they would handle some student protests in the classroom. Another 1Al which proved
enlightening was with regards to the participants' own experiences in the physical science class they were
enrolled in.

Dataanalysis
The data analysis of this study utilized the constant comparative method of anaysis, aso known as
grounded theory (Strauss & Corbin, 1998). Thiswasmodeled after and similar to the analysisused in other
work (e.g., Southerland & Gess-Newsome, 1999). The idea of this data analysis was that theory could be
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produced by the dataand their analysis. However, such aproduction could not follow from asinglereading
of thedata. The datawere analyzed in threedistinct stages, similar to those described by Straussand Corbin
(1998). For thisresearch, thethree stages could be viewed asthreefiltersand tests of thedataanalysis. That
is, each stage used the data to test and negate or validate any meaning that was being made. For example,
thefirst stage of data analysis suggested that Jamie’ sview of the purpose of sciencewasnot clearly defined;
however, a subsequent stage of data analysis tested this interpretation of the data by referring to the data
(interview transcripts) itself, and showed that the previous assessment was in fact inaccurate.

The first stage of data analysis took place immediately following interview sessions. As data were
collected through interviews, field notes were compiled in addition to the audiotape recording of each
session. Immediately following each interview session, anarrativefield journal entry waswritten, based on
field notes and the researcher’ sown reflection on theinterview session, its probes, and case study responses
(Richardson, 2000). As each interview session was reconsidered, specific themes from the session were
identified and described in atyped response (Miles& Huberman, 1994; Ryan & Bernard, 2000). Essentidly,
these entriesin thefield journal became their own set of data, and reflected the researcher’ sinterpretations
of the interview probes and responses immediately after they took place.

After multiple interviews and probes were completed, journal entries were used to further validate (or
negate) particular interpretations (Strauss & Corbin, 1998). Thisbegan asecond stage of dataanalysis. This
second stage of analysis compiled data (in the form of field journal entries and field notes) from individual
probes to summarize conceptions as they stood at one particular stage in time during the semester. The
semester was segmented into threethirds (each roughly 5 weeks), each representing one of these stages. This
compilation of data was documented in atable. One table was created for each stage of each case study
participant. The columns of each table represented one conception being studied (the definition of science,
science as away of knowing, and the tentative nature of science), while the rows of each table documented
different aspects of each concept as it was conceived by the learner at that represented stage. (For other
examples of thiskind of coding, see Loving & Foster, 2000; Tyson, Venville, Harrison, & Treagust, 1997,
Venville & Treagust, 1998)

Thethird stage of dataanalysislooked to test the previous analyses, and revised and expanded the table
data. Thiswasdone by analyzing the transcripts of the interview data and writing summative narratives of
each probe. These narratives include interpretive and descriptive summaries (Richardson, 2000) and
supporting excerpts from interview data. The interpretations of the narrative and the interpretation of the
tableswere compared. 1n caseswherethe two interpretations of the datawere consistent, information from
the narratives and interview transcripts was used to further clarify and expand information included on the
table. In cases where the narrative contradicted the original information of the table, interview transcripts
were referred to in order to settle such a disagreement. In this manner, all interpretations of the data have
been tested and verified (Strauss & Corbin, 1998).

While the data which were collected and analyzed were part of a larger project (Johnston, 2001), it
became clear that specific pieces of data were especially comparable between the learners studied.
Specificaly, three probes were focused on: One IAl, aquestioning about the structure of the atom asit was
presented in class, and two CI’ s, questions about student proteststo the Earth being a sphere and about Big
Bang theory. While our descriptions of the learners are based on awide variety of data, our primary thesis
is concerned with these three specific probes and how they interact with each learner’ s conceptual ecology,
as described in the following section.

Results
In this section wefirst present abrief account of what a classroom session looked likefor the case study
participants being studied. Following this is the data which documents our case study participants
conceptual ecologies, and finally their conceptions of the NOS.



The class

The class discussion of the first class session of the third week provided a specific example of the
explicit degree of NOS concept coverage in this course. Hemingway introduced this class discussion with
ayo-yo that rested on atable so that it could roll like awheel. He suggested that the class predict how the
yo-yo would travel if he pulled on its string a particular way, noting that such a prediction was part of the
scientific process. Thiswasrepeated for the situation in which theyo-yo’ s string was pulled in the opposite
direction. Theyo-yo’smotion wasin amanner which was unexpected by the members of the class, and this
led to adiscussion on how science beginswith observationsand questions, and how sciencefocusesontrying
to solvethesekindsof questions. Continuing to usetheyo-yo asaposter child for scientific experimentation,
Dr. Hemingway and the members of the class came to the consensus that “tests” (as stated by a member of
the class, Lec3.1, p. 2) or “experiments’ (as stated by Hemingway, p. 2) were the means towards
understanding what kind of behavior the yo-yo exhibited under different experiments. Thistreatment was
used to describe what scientific method looks like, although Dr. Hemingway was careful to note that any
scientific method should “not seem mechanical” (p. 3). After some more discussion of scientific method,
the class session focused on other elements of the scientific process. Specifically treated were the
descriptionsof ascientificfact, hypothesis, law, and theory. Eachwasdescribedin somedetail, emphasizing
that afact is something which we typically observe and may constitute a piece of data; a hypothesisis“a
proposed explanation” of some phenomenon (p. 5); alaw is “awell tested generalization of how nature
behaves’ (p. 5); and a theory is what science strives towards, generalizing many aspects of nature with a
grand explanation. Dr. Hemingway noted that laws and theories are difficult to distinguish sometimes, and
that for the purposes of the coursethey could be viewed as approximately the same. However, he also made
explicit mention of the typical misconception that theories are speculative, and he re-emphasized that there
was in fact little scientific doubting of an explanation which has the status of a theory. Finally, Dr.
Hemingway made the point that scientific knowledge must be testable, and gave some examples of
statements which can not betested. Asthe class session was nearing its completion, he stated and wrote on
the board: “ All scientific laws [and] theories must be testable — capable of being proven wrong” (p. 6).

Conceptual ecologies

Endemic to thisline of research is the assumption that the learner brings more with him than just a set
of interconnected concepts representing formal knowledge. Granted, even if thiswere al that existed for
a learner, analyses of learning and conceptual change would already be challenging. Adding to the
complexity is the issue of all ideas, beliefs, emotions, and other extra-rational ideas which create a
background upon which concepts are framed into. The grander scheme is comprised of both formal
knowledge concepts and extra-rational ideas and beliefs and are all inclusively known as a conceptual
ecology (Strike & Posner, 1992).

Given thiscomplexity, it is necessary to describe the conceptual ecologies of each of the participantsin
thisstudy. We offer brief descriptions of each conceptual ecology, resulting from the multiple qualitative
probes and the analysis of their data.

Michelle
Michelle is quiet but attentive from the back of the classroom during discussions. During lab sheis
active and engaged, often asking questions of the instructors and working cooperatively with partners. In
interviews she is quiet, but more outspoken than she tends to be in the classroom, taking time to ask about
the specifics of natural phenomena (such aslightning, earthquakes, and the Sun) and also to describe to the
researcher her enigmatic tastes in alternative music.
To summarize Michelle’' s conceptual ecology, the following points are made:
* Michelle has an affinity towards|earning and she enjoys science and math: “I’ ve always |loved



school. | love to learn” (Mi2, p.2). This attitude drives her to teach, although science is not a
discipline that she feels necessary to place special emphasis upon in her teaching.

» She has a fascination with the natural world, especially when considering the possibility for
disaster: “1 don’t want to get hit with some asteroid” (Mi6, p. 7). Inasimilar vein, Michelle seesthe
authority and validity in scientific knowledge in most all cases.

* Micheleis self-assured and displays confidence in her ideas, even when considering abstract
concepts or tasks. She is thorough in her explanations during interviews, although she seldom
extends a discussion beyond what is originally asked.

Jamie
Jamie is especially quiet —so much so that it was sometimes aworry that transcribing the details of her
interview sessions would be problematic. However, Jamie's apparent reservedness was generadly a
misinterpretation of the long pauses she exhibited before speaking. Rather, Jamie showed great capacity to
think about her own attitudes and conceptions and was generally eager to reflect upon such.
To summarize Jami€' s conceptual ecology:
*  While outwardly reserved, Jamie is thoughtful and displays a high capacity for learning:
“Sometimes | just want to talk to some science guysand say, ‘ Thisiswhat | |earned today, what do
you think of this?” (Ja7, p. 8)
» Reflecting on previous experiences with science (e.g., “We read from the book and answered
guestions. That'sall we ever did” [Jal, p. 4].), Jamie is eager to show science to her studentsin a
more active way, similar to what was modeled during this physical science course.
» Jamie shows an especially clear religious conviction. Without explicit prompting for such,
Jamie will refer to her own beliefs and the teachings of her church.

Laura
Of al the participants in this study, Laura was the least at ease with her responses to the interview
probes. A typical and oft repeated response in the interviews was, “I don’'t know.” Laura showed similar
reservein laboratoriesand in working with others. Even so, and surprising to us, Laura sgradesin the class
were actually higher than those of Jamie (though not as high as Michell€’'s or Joni’s).
Highlighting some important aspects of Laura’ s conceptual ecology, we make the following summary:
e Laura shows low self-efficacy, is not sure of her own ideas, and looks for simple and brief
answers rather than thinking through unfamiliar concepts.
* In previous experiences in high school and college, Laura has felt alienated from science
curricula. She feels most comfortable with the notion of teaching geology |essons (as opposed to
chemistry or biology lessons) in a future classroom, for these topics were more sensible to her in
previous classes.
» Laurahasastrong, but vague, religious conviction — sheis not explicit about what her specific
religious views are. She only notes that she is opposed to science that might “start [asserting]
anything against God” (La2, p. 3).

Joni
Joni is outgoing and vibrant both in class and in interview sessions. Her capacity to think deeply is
matched only by her willingness to communicate her thoughts. Joni is openly enthusiastic about class and
about her participation in this research.
Some aspects of Joni’ s conceptual ecology to point out are as follows:
» Joni showsvery high self-efficacy and metacognition, reflecting deeply about i nterview sessions
(even after they transpire). Sheisvery verba and willing to consider issues at great length.

8



o "I think scienceisreally fun and you can do alot of thingswith it [in the classroom]” (JoQ1).
Joni isnot intimidated by science and is enthusiastic about teaching—in fact, emphasizing—itin her
classroom.

» Joni hasan especially explicit religiousconviction. Shewill naturally and comfortably consider
the teachings of her church and her beliefs in the context of a discussion of scientific knowledge.

Preliminary results: Sample of differences
The purpose of this study isto show how four very different learners can, each in their own way and as
aresult of each respective conceptual ecology, cometo asimilar set of inconsistent evaluations of science
and science’ sway of knowing. Before we show this, we should point out just how different these learners
conceptions of sciencereally are. Thisissummarizedin Table 1.

Table 1:
Summary of case study comparisons
Science definition Science purpose Sc:ﬁ?gregcﬁfr;on Tentativeness
aprocess (limited), . .
Michelle: with emphasis on for:r::jl Ié?’ggft a segregation tentative historicaly
products
aprocess used .
Jamie: | towards producing for explanation segregation tentrit;;/t;?;e 0
knowledge
. is knowledge and .
Laura: natureworld vague vague non-tentative
aprocess (limited), . tentative (as
Joni: with emphasis on for ljatn”étﬁe(;;?nal integration evidenced by
products personal beliefs)

Under “science definition” (i.e., how each case study participant describes and defines science itself),
we see a variety of understandings. Related to this category is “science purpose” (what each learner
describes the motives and purpose of scienceto be). Michelle overtly describes science as being a method
of understanding the world, yet she emphasizes science's importance to be in what it can provide for
humankind. Sheis specifically interested in how science can prevent large-scale disaster, such as asteroid
collisionsand earthquakes. Similarly, Joni describesthe processes of science, yet emphasizesthe thingsthat
science providesfor us, especially towards medical advances. Lauramost readily describes scienceasbeing
“the earth and what it smade of” (La_Q1), focusing on the actual knowledge of science. Lauraislessclear
about what science is useful for, and tends to give only vague and limited responses to probes which ask
about the motives of science. Jamie, unlikethe others, wasespecially steadfast in paralleling “ science” with
“learning.” Using this analogy, she emphasized both the process and the knowledge of science, and
consistently described science’ s primary purpose as being for explanation, rather than for application.

Asinterview probeswere used, the issue of how religion and scienceinteract was aconsistently visited
theme. Thissometimesresulted from afew direct interview questions, but it isimportant to notethat theidea
of religion wasmore often something brought to light by the case study participantsthemselves. WhileLaura
only suggested that interactions existed between science and religion, shedid not specify exactly what these
were. Michelleand Jamie generally tried to separate any knowings of sciencefrom those of religion, stating
that they were different and not compatiblein most circumstances. Joni, on the other hand, would often try
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to integrate the knowledge that she had of science and the religious beliefs which she held, showing how
these both could be used to support one another.

Oneother comparison that can be made between the participantsis how they viewed thetentative nature
of scientific knowledge. Ashasbeen pointed out and researched (Lederman, 1992; Lederman & O'Malley,
1990), the idea that scientific knowledge changesis difficult for students and teachers to fully understand.
In our learners, we found that each could, at onetime or another, suggest that scientific knowledge changes.
However, these “changes’ had a variety of definitions. For example, Michelle noted that scientific
knowledge changes, but that most of this changing has already taken place so that our scientific knowledge
isno longer susceptible to variation. Jamie described the changes which science undergoes as a result of
making mistakesin laboratories or in some other kind of procedure, similar to how a student learner might
make a mistake in alaboratory. Joni most often referred to science being changeable when she reflected
upon scientific ideas which did not correspond to areligious belief. 1n other words, knowledge which she
did not agree with she expected would eventually change or somehow be more fallible. Laura, while
sometimes implying that science’s knowledge could change, largely stuck to a view which suggested
knowledge is static.

This overview of our learners' conceptions is meant only to give the reader an understanding that the
viewswhich our participants exhibited werevaried and complex. Not only did theindividualsvary from one
another, but they varied within the individual. For example, while Joni and Michelle each had similar
definitions of science, they described other aspects of the NOS quite differently. Thereis no set patternin
terms of what NOS conceptions correspond to one another.

The Moon, the Big Bang, and the atom
What follows in this section is the primary data considered in our discussion. Three specific interview
probes are described:
» AnlAl asking about what the nature of the atomisand how science comesto such adescription;
» A Cl asking the participant how she would respond to a student who protests Big Bang theory;
and
» A Cl asking the participant how she would respond to a student who protests the idea that the
Earth is round.
Each probeis stated approximately as it was posed to each learner. Following each probe description are
the individual responses of each of thefour learners. What wefind intriguing (and, thus, what we follow up
on in the discussion of this piece) is how consistent each of these learnersis compared to one another, yet
how inconsistent each learner isin portraying the nature of science.

PROBE A: Inclass, Dr. Hemingway discussed el ectr ostatic charge and the atom. What doesthe atomlook
like? How do we know what it looks like? (i.e., how arewe ableto * see” this?)

Michelle: Michelledescribed theatomin greater detail than was covered during lecture, noting not only
the el ectrons surrounding the atom, but a so the protons and neutronsthat make up itsnucleus. When asked,
“How do [we] know that that’s right?’” Michelle admits that she' s thought about this, but that she does not
know herself. She mentions that she knows that we could see some very small things, such as viruses, but
that she does not think that atoms can be viewed in the same way. She does suggest that “maybe like
observing the behavior of certain things, like static electricity” (Mi5, p. 6) would allow us to come to
understand the atom. She admits that even though she does not really know exactly how science comes up
with such knowledge, she never questionsit, since (according to her) “ people that are smarter than me have
figured it out” (p. 7).

Thisdescriptionregarding the nature of theatomisinteresting in that Michelle has no problem believing
the picturethat science portraystheatomto be, even though she admitsthat she only has some guesses, albeit
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very good ones, regarding how they could know anything about such asmall and difficult-to-pin-down entity.
Y et, probesin the following probe will show that Michelle is not as comfortable with and confident about
other scientific theories.

Jamie: Jamieis confident and accurate in describing the structure of the atom, complete with protons
and neutrons in the nucleus (of positive charge) and electrons (of negative charge) outside of this. Jamie
statesthat theelectronsare* orbiting” (Ja5, p. 12), asisoften described, rather thaninamore nebul ous cloud,
aswasdescribed inthisclass. But, this seemsto be aminor discrepancy, especially realizing that Jamie has
seen descriptions of the atom in other places before this course.

When asked how we know what the atom lookslike, Jamie replieswith aprofound and honest, “ Oh my”
(Jab, p. 12). She seems genuinely puzzled, and imagines that there must be some experiment that must be
set up in order to determine atomic structure, but she does not know what it is. She wonders, skeptically,
if we have any technology that would be able to see, directly, the structure of an atom but the researcher
confirms for her that there is no such thing, due to limitations of light itself. So sheresignsto the ideathat
“that’sjust theway itis’ (p. 13), but does not hazzard to guess how or how well we know it. Still, she never
guestions the validity of the picture that was presented in class.

Laura: Unlike the other three case study participants, Laurais not able to recollect the description of
theatom asit was presented in class. Astheresearcher re-describesit to her, at no point does shefill in any
information on her own, nor does she suggest that any of it soundsfamiliar. Laura sonly contributiontothis
pictureisthat “it'sjust tiny” (La5, p. 6).

Given her own statement that the atomistiny, | ask Laurahow it could be that we describe the different
parts of the atom and their electric charges. Laurarecalls a description in class regarding how there were
early disagreements about the description of matter and the atom, and that she wonders herself how it isthat
one model can be ascertained over another. The best ideathat she hasisto determine “the smallest particle
of the element” and then build the atom from there. Laura does not have any other explicit ideas about this,
although she does not question whether or not the structure of the atom, as described in class, is correct.
Such non-questioning is in line with the results of previous probes of Laura that suggest that the kind of
science knowledge that is represented by science textbooks is unquestionable.

Joni: Joni is quite comfortable describing the structure of the atom, talking about not only what was
discussed in class, but adding onto this picture her knowledge from chemistry courses of different electron
subshells: “Some of them travel like in p-orbits and some of them travel in s-orbits’ (Jo3, p. 10). Itis
interesting to note that she thinks of these orbits as being very rigid structureswith very particular paths for
the electrons, even though one sentence before she described the electrons as al belonging to a less
structured “cloud,” as was described to her by aphysicist. It isnotable that these two logically competing
conceptions do not actually compete in her mind. Still, Joni’s picture of the atom basically matches what
istaught in this and in other science courses.

Asked how we could know what the atom looks like, Joni describes sending different particles through
paper (presumably referring to Rutherford’ sgold foil) and observing how the particles scattered. And from
an analysis “they [scientists] could kind of put it all together” to form our current description of the atom
(Jo3, p. 10). Joni isnot sure, but she does not think that we have actually viewed an atom directly, rather she
thinks “it’smore like a puzzle that they try to put together,” but in putting it all together and with what they
know about charge, she “think[s] that they’re pretty accurate. . . even though they’ ve never seenit” (p. 11).
It isimportant to emphasize thislast phrase of Joni’s, suggesting that thereis merit in scientific knowledge
even when it does not rely on evidence that “they’ ve [scientists] never seen.” Joni’s confidence in this
picture of the atom and how it is inferred indirectly will be important to remember when we look to her
responses to other probes.
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PROBE B: In your sixth grade classroom, you present a unit in astronomy in which you read about Big
Bang theory, which describes the universe as having expanded out of a single point of matter and space
around 12 billion yearsago. One of your students protests, claiming that he was taught in church that the
Earth is 6,000 years old, and that was created in a much more deliberate fashion.

Michelle: Two critical incidentsdealt with what science* knows,” and the possibility of such knowledge
being challenged by students in the classroom. In thisfirst case, it is suggested that a sixth grader would
guestion theidea of Big Bang theory asit was presented in atext by stating that, “but, in church they tell me
that the Earth, and everything else, was created 6000 years ago.” Michelle gives the following measured
response:

Hmmm. Um. . .| don't know, I'd probably say that . . . | don’t know, something like, ‘that
view is. . . okay too; [but] right now we' re learning about science and thisis what science
says. ... but I’'m certainly not trying to . . . discredit whatever you might believe’ (Mi6, p.
3).

Two pointscan bemadehere. First, when Michelletellsher student that “ we' relearning about science,”
sheisreferring to science as abody of knowledge, rather than away of knowing. Second, Michelle wants
to be respectful of a student’s beliefs, and states that she would not want to address the issue any further.
“1"d probably stay clear of it” (p. 4), rather than making any further distinction between the knowledge of
a science book and the belief of any individual student. When pressed, Michelle even suggests that she
would try to de-emphasize such topics, only to “maybe just sort of go over it quickly” (p. 4).

Jamie: Critical incidents that deal with knowledge are more complicated for Jamie, and she does not
have as straightforward solutions to these as she did with other CI probes. For the student who proteststhe
notion of the Big Bang, Jamie’ sfirst comment isthat she would agree with him. Given abit more thought,
Jamie suggests that she “would have to give support [of] both and | et the student decide which to believe”
(Jab, p. 5). Shejustifies this by noting that a teacher should not be biased, and that some students will be
coming to classwith their own beliefsthat she would not want to argue with —especialy, presumably, if she
already agrees with them. While it is explicitly stated that she is teaching an astronomy unit, Jamie sees
merit in presenting a scientific view in comparison to areligious view — even though she states explicitly in
other probes that the two ways of knowing are not comparable.

Laura: Described to Lauraisthe situation in which a student protests to the Big Bang explanation for
the origin of the universe, in light of what the student was taught in church. Laurais genuinely perplexed
about what to do, laughing to herself: “1 havenoidea, I' mtrying to think but | have noideawhat | would do”
(p. 2). Asweacknowledgethat thisiscertainly adifficult situation, Lauraclarifiesthat teachingina“public
[school] where everyone believes different things™ (p. 3) is going to make dealing with such an issue more
problematic. Through other probes it has become evident that Laura does not have a firm grasp of how
science produces its knowledge, so, without such a concept readily at hand (in addition to not having
knowledge regarding Big Bang theory), Laura has no means of producing a solution to this dilemma.

Joni: “Oh, that is so hard,” (Jo5, p. 5) Joni exclaims in response to the possibility that a student has a
problemwith theideathat the universeishbillionsof yearsold and formed viathe Big Bang, rather than being
divinely created 6000 years ago. “I’vefound myself in that situation, and | want to raise my hand and say,
‘well what really happens?” Joni wantsto accommodate this student’ sbelief system, as shewould with any
student, but is especially inclined to do so sinceit corresponds to her own beliefs so well. Shewould make
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sure that the student realized that this belief was okay, and that science did not have the ultimate say in all
meatters:

I’djust tell them that there's, that just because it’ satheory, it’snot afact yet, but it’s been
tested for along time, but in away that it could fit together with their church. [They can]
believe how they believed, and they could take the knowledge that wasin the book asthey
wanted to takeit. There’ sno oneforcing them to believein thetheory of the Big Bang (Jo5,

p. 5).

Joni’ s personal tactic of integrating her knowledge of sciencewith her religiousbeliefsis something she
advocatesfor othersaswell. Thisisnot so surprisinginlight of other probes. What issurprising isthat Joni
describes Big Bang as “atheory, [but] it’snot afact yet,” suggesting that theories are these speculative and
not well understood or important facets of science. Whilethisisarelatively typical view, it isnot the view
that Joni suggestsin other probes. The different views may be the result of Joni’s consideration of herself
in ateaching situation, or the result of the specific content of each probe.

Joni may simply be combining her notion of atentative basisfor scientific knowledge alongwith abelief
system that isless accepting of certain pieces of that scientific knowledge. Evenif thisisthe case, it should
still be noted that Joni does not address any of the scientific evidence that may be behind the Big Bang
theory, as she would for some other scientific theory (e.g., the structure of the atom).

PROBE C: In the same astronomy unit, another student proclaims her father knows that the Earth isflat,
and that all of the NASA missions are part of a government hoax.

Michelle: Considering the same classroom as before, we imagine the scenario in which, when teaching
about NASA missions to the Moon, a student suggests that, according to her father, al such missions were
ahoax, and that the Earth isreally flat. Michelleisdisturbed that such a notion could exist:

It would really bother me that she would think that, because, that just seemsreally, um, like
in the Dark Ages or something. 1’d want to open her eyes. It would really bother me that
she felt like that, but | don’t know how | would go about trying [to sway her beliefs] . . .
maybe show some pictures of what it looks like when something’ s videotaping the Earth .
.. (Mi6, p. 4)

Michelle, likethe other case studies, isdisturbed with some conceptions of students, but not with others.
While it is probably relatively common for someone to believe in the reality of lunar landings, but not so
much in the reality of a Big Bang, Michelle seems to miss the fact that the same scientific process that
rationalizes aspherical planet also suggestsaBig Bang. Whilethesetwo incidents are presented to Michelle
one after the other, she makes no apparent consideration that the two scenarios are, indeed, quite similar.
Rather, Michellefocuseson the scientific content rather than theway that science generatessuch knowledge,
and how this knowledge is different from other ways of knowing.

Jamie: Inaddressing theissue brought up by a student who claimsthat the A pollo missionswere ahoax
and that the Earthisreally aflat body, Jamie beginsin similar fashion asbefore. “Again, I’ d haveto respect
her beliefs’ (Ja6, p. 6). However, sheimmediately beginstackling thisissuein amuch different manner than
she did with the Big Bang incident. She suggests that she would talk to this girl’s father and try to
understand his views more clearly. Theintent here isto be able to better address this student’ s conception
about the Earth and the Moon so that she could better understand how to teach her.
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Perhaps, eventually down the line this. . . [lesson] could interest this girl into joining the
NASA programand finding out for herself ... I’d end up saying, ‘that’ san interesting view,
I’ve never heard of that before. Let me tell you what | know . . . and you could cal the
NASA people.” [And possibly we could] turn this into a science project (Ja6, p. 7).

So, even though Jamiereally doeswant to respect all pointsof view, there are some that sheis more adamant
about trying to change. Thisin and of itself may not be surprising, yet what might be more troubling isthe
fact that Jamie does not recognize that sheistreating two very similar problems (teaching Big Bang theory
versus teaching Moon/Earth relations) with very different solutions.

Laura: Considering a student challenging the ideathat the Earth is round and that NASA has ever sent
missions to the Moon, Laura has a more concrete solution:

Just pretend. Just go along with what | say [laughing]. | don’t know. Um, no, | couldn’t
say that. . . But | know I’ve had teachers when there' s that situation: ‘ Just learn this,’” you
know, ‘It’swhat I’ m supposed to teach you,” and things. | don’t know what else you could
do, if you' ve been taught the other way (La6, p. 3).

Laurais still at alosswith this situation, as she was with the Big Bang situation. But, in this case she
suggests that a teacher can still go along with a particular lesson and ask the student to “just learn this’
without letting it challenge his beliefs. Lauramakesit clear that she does not want to challenge the beliefs
of astudent, yet she still emphasizesthat this particular content needsto be taught without any modification,
justifying this with a vague acknowledgment that the A pollo missions have a certain importance that needs
to be explained. Noting that there is an importance to these events, Laura does not mention that these
hypothetical events arein question by this particular student just as the Big Bang was put into question by
another student. Lauradoes not compare her solution to thiscritical incident to that of the Big Bang. If she
is not aware of how science has produced its knowledge and how this compares with how her hypothetical
student has produced his knowledge, it seems that she has no solution to the problem at hand.

Joni: Joni was particularly responsive to these critical incidents, and it was enjoyable to watch her
reactions to these classroom possibilities. Joni even referred back to these probes after this particular
interview sessionwaslongover, both during subsequent i nterview sessionsaswell asin conversation outside
of classand interviews. More so than any other probe, Joni seemed to be very reflective about the dilemmas
posed inthetwo CI probes, especially thislatter one. (Even ontheexit questionnaire several weekslater she
notes. “ The Moon thing had me worried for days!” (JoQ2).) Thisisimpressive because Joni was already
very reflective and thoughtful to beginwith, and even more so asaresult of these particul ar critical incidents.

Theideathat a student would believe that the Earth isflat and that the NASA missionswere all hoaxes
isvery bizarreto Joni. However, it issomething that shetriesto addresswith someexplicit ideas, suggesting
that mathematics, anal ogies, and personal experience could all help astudent better understand theideathat
we can actually travel from a spherical Earth to our spherical neighbor, the Moon:

| guessit’ sin mathematical formulas, and when you go step by step and show them exactly
how things worked out and it comes out in the end product, you know, then that kind of
[pause]; | think that math and science really works [sic] well together to prove things (Jo5,

p. 8).
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Ironically, an astronomer describing the Big Bang theory (a topic we had discussed just few minutes
before Joni made this statement) probably could have made asimilar argument. Thisissomething that Joni
never acknowledges. She continues with some other ideas:

Someone could tell me that England is there, and | could see the truth in England. You
know like little pictures of England and | could seesomeof it. .. Andthen[ask], ‘well, do
you believein England? And then they’ll say, ‘well, yeah.” And thenyou say, ‘well have
you ever beenthere? ... Well, Janie over here’ s been there, so do you believe [her]? (Jo5,

pp. 5-6)

Joni makesadetailed argument using the England analogy and then extending it to the testimonial s that
astronauts could provide. “[I'll] just show them different things like that, and hopefully they’Il have to
believe” (Jo5, p. 6). Sheisadamant about getting this concept across, because it is connected to so many
other ideasin science that shewould beteaching. (*If they don’t believethat we' vereally beento the Moon
or that | know the truth about the Moon, then they’re not going to care what | say the rest of the time” [p.
10].) Scientists would likely make the same point for Big Bang theory, describing how this concept is an
explanation that unites multiple pieces of evidence and explanationsin astronomy.

Discussion

We argue that the comparison of the responsesto these three probes shows an important aspect of NOS
concept understanding and the interaction that these conceptions have with “intuitive knowledge” (West &
Pines, 1985, p. 2), or beliefs—those concepts that we may not have been formally taught, yet we utilize them
tointerpret our surroundings and our interactions. Such intuitionsor beliefsarean integral part of learners
conceptual ecologies, and thus should play a pivotal role in conceptual change (Strike & Posner, 1992).
Furthermore, beliefsare understood to be a subjective way of knowing, rather than an empirically based way
of knowing. They are considered to be personal truths as opposed to absol ute truths about the world (Smith,
Siegel, & Mclnerney, 1995). Assuch, these "personal truths' are not held to the same epistemic criteriaas
scientific knowledge. Instead, beliefs can be extra-rational — meaning that they are not based on evaluation
of empirical evidence—thusthey may havelittle correspondencewiththe outsideworld. They are subjective,
and they are often intertwined with affect.

Specifically, during the course of the study and its three selected probes, it became apparent that a
learner’s description of inferred theoretical knowledge (that is, knowledge that is “theoretical” in that
science’ s description of that knowledge cannot be seen firsthand) could vary significantly, based on the
learner’ spersonal conception of and feelingsregarding science’ sdescription. Inadditiontothefact that each
of the three probes refers to scientific knowledge which cannot be directly observed, every case study
participant had different kinds of responses for each of these probes, and there was a certain level of
consistency between the case studiesin how each probe was dealt with.

When asked about the structure of the atom, each learner except for Laura could describe confidently
and relatively correctly (according to the description given in class) what this structure was supposed to be.
Even Laura, whenthe structure was described to her during theinterview, did not have any reservation about
suchadescription. However, only oneof thefour learners(Joni) can make any specific descriptionregarding
how we have come to this description of the atom. Joni refersto Rutherford' s scattering of particles off of
the atom in order to piece together a kind of puzzle which then describes the atom’s structure. But, Joni
admits that she does not think that we have ever been able to view the atom’s structure directly. Michelle
imaginesthat theatom’ sstructure must be understood by analyzing el ectric charges(specifically by “ smarter
people”), and Jamie suggests that experiments must be used to deduce the structure of the atom, even if we
cannot seeit directly. Lauraisnot sure of how we could describe the atom’ s structure, but neither was she
sure of the atom’ s description itself.
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In al casesin which the learners could describe the structure of the atom, they felt confident that this
description was correct and was a match of the reality of the situation. At the same time, they could
acknowledge or accept the fact that the atom has never been seen directly, except only by inferential means.
In this case, atheory (specifically, the model of the atom) that had been constructed by scientific evidence
and induction was completely acceptabl e to these three case study participants, and it was not contested by
the fourth participant, Laura. What we make of al of thisisthat these learners could not only conceptualize
avery theoretical idea, but also believein it on a personal level, accepting it as “the truth.”

Inthecritical incidents probes, however, the situation of astudent protesting Big Bang theory comes up.
Asthey did with the structure-of-the-atom probe, all of the respondents have similar reactions to the given
situation. However, it isimportant to note that the common reaction to the Big Bang is much different than
itisfor atomictheory. Inall of these casesit isacknowledged by each of the participantsthat having abelief
different from Big Bang theory is perfectly acceptable. And, given this justification, the teachers-to-be
suggest that multiple perspectives could be allowed in the context of a science lesson via one route or
another. For Michelle, shewould try to de-emphasize Big Bang theory altogether in anticipation of such a
protest. Jamie could allow the inclusion of the alternate belief in the classroom as another acceptable
aternativein thissciencelesson. Lauranotesthat it would be difficult to teach Big Bang theory at all, since
everyone believes different things that should not necessarily be discounted. And Joni would suggest to her
student that the idea of aBig Bang is“just atheory, not afact yet.”

Again, we find that, despite very different conceptual ecologies and conceptual frameworks, there is
some consi stency acrossthe casesfor one particular probe. All of the case study participants, while seeming
to recognize that Big Bang theory is a part of science, would elect to de-emphasize such a theory in the
classroom. Each hinted that, for them personally, they would tend to agree with a student’ s protest to this
theory. Joni summed up some of the outward justification for this, suggesting that the Big Bang, being “just
atheory,” isnot something that hasdirect evidenceinitssupport. Y et, Joni and the other learnersrecognized
the same attribute for the model of the atom, yet they felt very sure that such a description was accurate.
What we find is that these students can be completely accepting of an inferred theory in one case (atomic
theory) but not the other (Big Bang theory). They evaluate the meaning of “theory” differently according
to their extra-rational interpretations. Moreover, these learners make no suggestion that they are aware of
the fact that they are coming up with such different evaluations. The extra-rational evaluations are done
automatically.

Tofurther contrast how theselearnerscompare scientific descriptionsandtheir validity, theother critical
incident for science knowledge can be analyzed: The “round Earth” CI. Again, in each case study a
classroomsituation wasconsidered inwhich astudent protested aparticul ar part of an astronomy curriculum,
in this case protesting that the Earth isround and that it is possible for oneto travel to the Moon. Whilethis
probe immediately followed (by a matter of seconds) the Big Bang probe, all of the learners treated this
situation with a distinctly different strategy than they did the previous situation involving the Big Bang.
They each acknowledged, again, that different beliefs are something that onewould haveto deal within any
classroom, but they then went on to describe how it might be possible to change such a belief or make the
student at least see the reasoning of the scientific perspective. For Michelle, the flat Earth view would
“really bother” her, and she would want it to be changed. Jamie would suggest that the student could go
through a series of intervening experiences that could possibly even turn the student around to see the
scientific perspective and, inturn, makeascientist out of the student. Laurawouldtell studentsto“just learn
this’ as something that would be important to learn, although not necessarily believe, intuitively
acknowledging the distinction between understanding of a concept and acceptance of that concept
(Southerland, Sinatra, & Matthews, in press). It isimportant to note that Laura did not suggest that it is
appropriateto convinceastudent to learn Big Bang theory in the previousprobe. Finally, Joni, going at great
lengthsto solve this apparent problem, devises anal ogies and evidence that could be used to try to convince
astudent that the Earth isround and that NA SA missionsto the Moon are possible—thus acknowledging the
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importance of the scientific knowledge of this concept in direct contrast to her position on the Big Bang
theory.

Again, theselearnersare acting as advocates of scientific knowledge and science’ sway of knowing only
inselect cases. Extra-rational evaluations, again, comeinto play, and again, the learners make no suggestion
that they are aware of thefact that such evaluation takes place. No matter how well or poorly any of the case
study learners can explicitly describe the nature of science and the sub-concepts that are required for an
understanding of the nature of science, these data demonstrate that each of the four learners electsto value
certain scientific knowledge over other scientific knowledge. This selectivity isbased not on how directly
observable the phenomenon happens to be — for none of these pieces of scientific knowledge are directly
observed by any of these learners— but instead on some other evaluation that each learner does on her own.

Conclusion

The implications of these results are plentiful. First, thisresearch further reinforces the idea that what
istaught explicitly isnot alwaysdirectly translated into learning. Thisisnosurprise, giventhegenera tenets
of constructivism and conceptual changetheory. Second, these results speak to conceptual change research,
demonstrating that concepts and conceptual change are not cold and isolated, but instead interact with a
learner’ s emotions, values, and other aspects of aconceptual ecology (Dole & Sinatra, 1998; Pintrich et al.,
1993; Strike & Posner, 1992). Finally, our study hasaspecific messagefor researchin NOS understandings:
that these concepts are deeply connected to and interactive with a learner’s values and emotional
commitments.

At issuein this research is not so much the conceptions that the learners exhibit, but how they justify
such conceptions or stated ideas. In fact, it is clear from our research that to speak of “conceptions”
regarding the NOS may not be a supportableidea. Rather, we seethat |earners seem to exhibit intuitions or
vague notionsabout what “ science” is, but these are only beginnings of descriptions. From these beginnings,
learners can create a variety of explanations and descriptions of what the nature of science is and how to
present it in the classroom. Thisimpliesthat adirection for future research would beto look at the prospect
of phenomenological primitives, or p-prims (diSessa, 1993), and how such knowledge structures could be
used to describe the beginnings of NOS conceptions. At this point, our research only implicates p-prims or
some similar knowledge structure, but does not offer empirical support for such aclaim. Moreresearchin
this direction should be conducted.

More importantly, our research shows how extra-rational evaluations can dominate the conceptual
ecology, overruling other evaluationsthat may be moreempirically based. Whileaspecific NOS conception
shows up in some cases (such as the idea that explanationsin science can be inferred indirectly rather than
observed directly), itisnot consistently adhered to. Thelearner evaluates situationson acase-by-casebasis,
utilizing not only what she has learned about science and science ideas, but also what she feels about a
particular aspect of science. Again, we suggest that more research in this direction needs to take place, for
theliterature which currently describes NOS | earning tendsto focus on morerational influenceson learning
and conceptual change. We argue that the classroom and our world are not insulated from emotions and
intuitions. Both teachers and students— even those who may understand NOS well enough to describeit in
a straightforward manner — are human. As humans, we feel and react to such feelings.

Conceptual change, it has been argued, is not necessarily arational event (Southerland, 1997; Strike &
Posner, 1992), just as Kuhn (1970) and other philosophers of science have described large changes in
scientific theory to not necessarily betriggered by entirely logical, deductive processes. Humans are much
more elaborate and complex in their thought processes than ssmplelogical and rational thinking can allow.
Thus, wefall in love, we change our minds “just because,” and sometimes we eat that cookie found on the
floor. Evenwhen there are not scientific, logical reasonsfor one’ s actions and ideas, an individual can still
find certain actionsreasonabl e, though he or she may not be ableto explicitly describethereasons. Weargue
that the extra-rational evaluations exhibited by our case study participants suggest the nature of
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understanding NOS ideasis even more complicated than previously imagined. Whileitisclear that explicit
and focused instruction of NOS tenets is necessary, we contend that it is al'so necessary for a learner to
identify (and, thus, for instruction to assist in this process) more clearly not only her conceptions, but also
her extra-rational evaluations.
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