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Abstract

Nature of Science [NOS] is a component of sciantiferacy. Much current NOS research has
focused on K-12 teacher development. Today’s seiedcicators not only conduct much of this
research, but are also charged with preparingdwtaience teachers to effectively teach NOS. Yet
we know little about the professional preparatibsmence educators as they develop NOS
expertise. This study begins exploring such devekqs by examining the experiences of five
science education graduate students as they |baut BIOS content, pedagogy and research during
the first two years of a graduate program. Theig@pents are culturally diverse, representing five
different countries. Influential factors are iddietil as the students developed personal orientation
toward NOS. The change in NOS views and teachingppetives were multifaceted. Motivation
shifted from primarily external sources such asrseuequirements, to internal factors relating to
conceptions of “good science teaching” and goakcasice educators. Personal motivations were
especially instrumental regarding perceived valud@S to science learners in non-Western
cultures. Establishing a consistent NOS focus tfinout graduate programs; providing multiple
exposures and supports; and building upon studeréshal motivations in science education are
recommended for enabling future science educabdrsiig to bear NOS literacy goals.

Earlier versions of this paper were presentedeatriternational conference of the National
Association for Research in Science Teaching, NelwaDs, LA. 2007. and the annual conference

of the American Educational Researchers Associahiew York, NY, 2008.
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“What does/should the professional developmentefstience education professoriate look like?”
(Abell,1997). When Sandra Abell asked this questioer 10 years ago, she called for our
commitment to better understand the growth and kedge base of science teacher educators. She
also asked, “Why is it that science educators higleto say about their own or their graduate
students’ professional development?” (Abell,199Nese concerns stem from the limited, at best,
research focused on developing science educattesesers and scholars. In response, the
Association for Science Teacher Education (ASTEN&yly AETS) develope@rofessional
Knowledge Standards for Science Teacher Educatiat897 (AETS, 1997). These standards apply
to “Science Teacher Educators,” who include: (aulg in higher education who provide course
work in science subject matter and/or science peglagb) School-based mentor teachers; (c)
Personnel in schools who provide professional adgmeknt; and (d) Personnel from agencies other
than universities or schools who provide instrutio resources for professional development.

These standards state that science teacher egushtuld have knowledge about the
philosophy, sociology, and history of science. Tegis need to be articulate in current perspectives
of Nature of Science [NOS] and knowledgeable didifties learners have with conceptual and
pedagogical developments. In the 10 years sincdetelopment of the Professional Knowledge
Standards, we still know very little about how s@ie educators develop as professionals in general,
or how they develop NOS conceptual and pedagogreakiledge, specifically.

To begin addressing these questions, we mustaemstience educators’ backgrounds in
science learning. Research continues to repomdesirmisconceptions about NOS, and these views
relate to lack of NOS instruction or misrepresaatabf NOS within science classes (Lederman,
2007). Undergraduates (majors, honmajors, preseteechers) continue to describe science as
“truth seeking,” where the “scientific method” prezes data in an objective way that reveals

absolute answers (Abd-El-Khalick, 2001, 2004; AkerdMorrison, & McDuffie, 2006; Hanuscin,
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Akerson, & Phillipson-Mower, 2006; Gess-Newsomd)2Ryder, Leach, & Driver, 1999; Smith

& Scharmann, 2008). Thus, graduate students imseieducation, a.k.a. the future scholars of
science teaching and learning, are products @datiton that counters current perspectives on NOS
(AAAS, 1993; Lederman, 2007; NRC, 2000).

In addition to science instructional background,should consider the various paths that
lead to a career in science education. Most stgdartering science education graduate programs
typically originate from K-12 teaching communiti@sscience research communities. They have
experienced a goal transition from science teacbimgpnducting science research, toward
examining science teaching and learning from thisgeetive of research and teacher education.
Science educators who teach and mentor these liegjischolars need to have an understanding of
their perspectives and developments as learnech. Shderstanding is imperative to building and
sustaining systemic reform toward scientific limrgdAbell, 1997). As it stands, these future
scholars are an untapped pool of learners whesmes to understanding how they develop
conceptions of NOS and NOS teaching (Irez, 2006)at/dre their motivations? What are their
challenges? What experiences impact their views@$ and science teaching? What experiences
impact their teaching? How do they view themsebstearners and teachers of NOS? Our graduate
students are the future leaders of science educdtieese are critical questions that warrant
investigation. The current study reports the peaibstories of five science education graduate
students. This is a report of self-reflection, venhtdre students assume a metacognitive perspective
to examine developments in learning, teaching,arhtations toward NOS during their graduate
program. This paper characterizes experientialpgmgonal factors that mediate developments.

Nature of Science
Nature of science [NOS] refers to the qualities assumptions that are intrinsic to the

products of scientific inquiry (i.e. scientific kwmtedge) (Lederman, 2007). Although there are
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multiple descriptions of NOS, the current studpased on generally agreed upon tenets relevant to
K-16 science education (Abd-El-Khalick, Bell, & Lexinan, 1998; McComas & Olson, 1998;
NRC, 1996; Osborne, Collins, Ratcliffe, Millar & Bchl, 2003). Scientific knowledge is (a)
tentative(subject to changgehas basis in (@mpirical evidence(c) is the product of human
imagination and creativity(d) involves bottobservation and inferencand (e) is influenced by
current scientific perspectivethéory-lademobservations and interpretations) as weppasonal
subjectivitydue to scientists’ values, knowledge, and prigregiences. Another feature of scientific
knowledge is (f) the functional difference and tela status betweescientific theories and laws.
Often associated with NOS, but more aligned withrthture of scientific inquiry (Author et al.,
2008), is that (g) there %0 single scientific metho®ather, investigations may take a variety of
forms depending on the questions being addresshile \kplaining the inherent tentativeness of
science, these aspects also reinforce the dusabilgcientific knowledge. For example,
understanding the empirical NOS serves to couméaything goes” perspective that may be
inappropriately associated with the notion of ‘adbjvity.” Scientific knowledge is founded in data
which are subject to interpretation (necessarilyemry-laden and socially influenced negotiation)
and accepted within the community based on stasdzrgaid community. Some knowledge may
be more robust than other because of the suppatmayrical data. Nonetheless, all scientific
knowledge is subject to revision through renegiatiabf available data..
LITERATURE REVIEW
Developing Teachers’ Knowledge of NOS

Science educators have been examining how studedtseachers learn NOS and effective
means of teaching NOS. Implicit approaches areasatuccessful as explicit approaches in aiding
learners’ NOS conceptual development (Khishfe & Abdkhalick, 2002; Lederman, 2007).

Contexts for inquiry experiences and guided reib@odn those experiences are influential to NOS
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learning (Author et al., 2004; Bianchini & Colbu2000; Lederman, 2007; Smith & Scharmann,
2008). Extant research exploring means of effecgaehing about NOS consistently emphasize
teachers’ needs regarding NOS knowledge, pedaddgioa/ledge, internalized beliefs in the
importance of NOS, and intentional translationhia$ knowledge into explicit/reflective classroom
instruction (Akerson & Abd-El-Khalick, 2003; Authet al., 2002; Bartholomew et al., 2004;
Khishfe & Abd-EIl-Khkalick, 2002; Lederman, 2007 urher, there may be associations between
teachers’ views of NOS and views of science teagchird learning (Tsai, 2002). Science educators
conduct much of this research targeting K-16 teched learners of science. They not only need
to have knowledge within the same domains as Kea6lters, they have the added requirement, as
science teacher educators, of having expertisgaiching teachers concepts of NOS and NOS
teaching. Few studies have examined the NOS kngeled pedagogical developments of science
educators.

Irez (2006) examined NOS views of 15 Turkish futseceence teacher educators. Through
analysis of interviews and cognitive maps, Irezdetned the participants held inadequate
conceptions, especially relative to scientific noetland the tentativeness of scientific knowledge.
Twelve of the 15 agreed that there was a singlegeusal, scientific method. Sixty percent reported
absolutist views of science, seeing “scientificdeag the final form of scientific knowledge
representing truth and, therefore, not subjechtmge” (Irez, 2006, p. 1127). Irez reported a lafck
previous interest in and reflection about NOS lkebntributed to the participants’ views. Further,
the content-based science curriculum that pregheeuture scholars may be a contributing factor.
“As the products of such an education, it is n@pgsing that these participants were left with a
range of misconceptions or naive beliefs about N(pS1137). Irez suggests that such inadequate
conceptions could be detrimental on practical &la@m) and policy levels (science teacher

education programs).
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Volkmann and Zgagacz (2004) investigated the legrexperiences of a graduate student
as she taught an undergraduate inquiry-based hgsiose. By utilizing orientation and identity
frameworks, they determined that NOS beliefs méatedo teaching orientations. Change in
teacher identity and teaching orientation requiediection on views and practice. The authors pose
several recommendations for science education anogyrincluding consistency with promoting
inquiry orientations and course work in teachind arning of NOS.

More research has explored developments in preset@achers. Multiple experiences that
reinforce and challenge learners to reflect ongreakNOS views and practices are recommended
for promoting and internalizing NOS views of K-12pervice science teachers (e.g. Akerson et al.,
2006; Lederman, Schwartz, Abd-El-Khalick, & BelQ@® ; Smith & Scharmann, 2008). In a study
of preservice elementary teachers, Akerson e280q) examined retention of NOS views 5
months after a science methods course that empgtasiplicit/reflective NOS. They found that
despite enhanced views immediately after the matlbodrse, several had reverted back to their
more naive NOS views. Akerson et al. suggest plessitategies to improve conceptual
development, including use of metacognitive striaegnd prompts to contextualize their views
within classroom activities. Indeed prior reseademonstrates the effectiveness of aiding teachers’
NOS views and abilities to teach NOS by offeringraples of content-embedded NOS instruction
and support with implementation (Akerson & Abd-Bhddick, 2003; Hanuscin et al., 2006;
Lederman et al., 2001).

PURPOSE OF THE STUDY

Given the needs of science teacher educators aed tfie requirements for effective

learning and teaching of NOS, there is a need pioesx how science education programs (1) affect

future science educators’ views of NOS and (2)igrfice their abilities to translate views into
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teaching practice and decisions regarding currioutievelopment. With respect to five graduate
students in science education, the research qussiie:

1. How do NOS conceptions change during the graduaigram?

2. How do NOS teaching practices change during théugit® program?

3. What experiences and factors impact NOS conceptimlledge and practices?

METHODS

We drew from multiple case study and self studgpectives to explore personal
developments that would inform our research questi€ase studies are useful to closely examine
an event or program, or to look at the responsesuitiple individuals. This approach applies when
a case can be bounded either by time or by platenbre importantly the case must lend
information on a currently existing problem (Cre#ive¢ al., 2007). This particular research is
framed within required program experiences of fijvaduate students.

This research relates to self-study, in that fikthe researchers are also the participants,
studying their own developments in learning andhe®y over time. Through self reflections, the
group explored personal experiences, personal dgwvelnts, and personal beliefs. Self-study
allows the researcher to admit personal intereatparticular phenomenon, while allowing for
personal intellectual and professional growth eftbsearcher (Bullough Jr. & Pinnegar, 2001). The
primary researcher, not a participant, served tdegthe reflections and data analysis.

We also adopted a constructivist, interpretive rapph. By exploring and describing
science education graduate students’ experienses-vis the learning and teaching of NOS, the
study aims at making “meaning within a naturalisgtt(Williamson, Schauder, Wright, &
Stockfield, 2002). Darke, Shanks, and Broadben®§) 8tate that the interpretive approach is based
on the “ontology in which reality is subjectivesacial product constructed and interpreted by

humans as social actors according to their bedietsvalue systems.”
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Participants

The participant-researchers are five graduate stade science education (Table 1). Four of
the five were working toward a Ph.D. in Science &dion and the fifth was working toward a
Master’s Degree in Science Education and has &iegan doctoral work. When the study began,
three were in their first year in their respectovegrams and two were in their second year. Four
students have previous teaching experience at ith@lerschool, high school or undergraduate
science. All five have a Bachelor’'s degree in a@sce area; four hold Master’s degrees, and one has
a PhD. The group is culturally diverse, each oagimg and being educated in a different country.
Only one, Brandy, said she had heard of NOS poitiné¢ beginning of the study. All were
supported through assistantships teaching undergradcience courses.

Context of the study

The science education graduate program is hougbdwine College of Arts and Sciences
at a large Midwestern university. The science etioiganstitute has 10 faculty members and
approximately 15 full-time graduate students. Cesirsesearch, and teaching experiences provided
the context for the study.

The study began with all five students (participaagearchers) enrolled in a Research
Traditions Course which focused on NOS. The primmasgarcher (first author) was the instructor
of the course. The following semester, the printasearcher and five participant-researchers
formed a NOS research group to meet and discusatiastrelated to NOS research and teaching.
All five students were then enrolled in a secondrse taught by the primary researcher. This was a
teaching methods course which extolled the use@® Mnd inquiry in science instruction at the
college level. After the completion of the secondrse, our NOS research group met periodically
for several months to discuss progress on currahpast research projects. All of the students

taught undergraduate courses in their preferredgdise during the entire span of this project. Eac
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of these elements is described more fully belovehironological order. This project spanned
approximately 20 months.

The Research Traditions Course

In the fall of 2005, the topic of the Research Tiwrads course was “Perspectives and
practices of research in Nature of Science.” Thesmet 3 hours a week for 15 weeks. This course
focused on what NOS is, what and how research@ms/of NOS has been conducted, current
issues in NOS research, and future directions foENesearch. The goals of the course included
that students will (1) gain knowledge and expemrewdh past and current NOS assessments,
research practices, and teaching practices, (Jumdra literature review, and (3) prepare a re$earc
proposal for investigating NOS views and/or teaghifhe beginning of the semester focused on
developing conceptions of NOS by engaging in nunefdOS activities, discussions, personal and
group reflections. Students initial NOS views welieited through the VNOS-C survey (Lederman
et al., 2002) and follow up group discussion. nstion modeled an explicit/reflective approach to
teach NOS. Group activities such as “the tubejtKiy tracks,” “pattern cubes,” and “fossil
fragments” (Lederman & Abd-El-Khalick, 1998) andystery bones” (Lederman & Lederman,
2005), readings from philosophy of science (e.griis Kuhn) and science education (complete
reading list available upon request) further introed NOS aspects and prompted reflective
discussions. Through discussions, students wertdaskcompare their initial views with those
presented through the course. Various assignmeqtsred them to explicitly write about their
NOS views, views of the place of NOS within scietegching, and reactions to readings. The next
segments of the course focused on traditions of BE¥8ssments, research techniques, and the
progression of research in NOS teaching and legrifiasignments included readings and
reflective writings about philosophy of science acegnce education literature,

observations/reflections of science teaching, olagems/reflections of science research, interviews
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with college science instructors and scientistalyans of various NOS assessments, analysis of
sample VNOS written and interview responses, apganation/presentation of a NOS research
proposal. Throughout the course we held discussibost how views have been challenged, why,
and the impact on views and practice of sciencehiag.

NOS Research Meetings |

In the spring of 2006, we formed a NOS researchmro order to continue conversations
and conduct various NOS-related research projessigded during the research course. The group
met several times over the semester and summesdoss research progress, goals, and findings.
Four of the five students conducted their propadady during a qualitative practicum course the
spring 2006 semester, taught through a differepadment. George decided not to pursue his
original proposed study at that time, realizing diféculty with finding middle school teachers who
teach both NOS and history of science. Three hawgteted their studies. One presented her study
at a conference (Authors et al., 2006).

It was during these meetings that we decided ttoexpnore deeply how the graduate
students’ learning and teaching of NOS were dewetp@he group met several times over the next
six months to track developments and capture rtedles. The data collected included field notes
from group discussions and a personal statemetiewtby each participant that described their
learning experiences and personal journeys sirebalginning of the NOS research course.

The College Science Methods Course

In the fall of 2006, the same five students tookethods course for college science
teaching, taught by the same faculty member (Aut2@08). There were 11 students total in the
course, all graduate students in science educattmmcourse met for three hours, once a week for
15 weeks. The course emphasized “active learningteaching of NOS within all science

disciplines, and within a variety of instructiorsatategies and contexts (e.g. large lecture,

10



Future science educators learning NOS

discussion, laboratory, inductive, and deductiveraaches). The course included model lessons,
readings, reflective writings, and discussionseatng explicit/reflective NOS pedagogy embedded
within science content courses. Students condwtéesgroom observations and interviews of
university faculty, aiming to elucidate enacted @edceived objectives, including NOS. They were
asked to describe the image of science portrayéteiobserved classes and expressed by the
instructors, the demonstrated roles of the insbnscand learners, and how these align with
constructivist perspectives and current views of\NGelf (through video-taping) and peer
observations of teaching in the undergraduate seieaurses also enabled focused attention on
NOS, in addition to other teaching and learninddecof interest to the students (e.g. management,
guestioning strategies, levels of inquiry, etctudents designed a syllabus and full unit lesson
plans for an introductory undergraduate sciencessyuvhere they were required to include goals
and objectives for NOS, explicit/reflective NOStmugtion, and NOS assessments. Students were
required to include NOS objectives within their mblsson plans for a lecture and a laboratory
session. They were also required to design anépres inquiry-based lesson that targeted NOS
aspects tied with other science content. Knowlexfgmllege students as learners, typical
misconceptions about NOS and other science corgeals of reform in science education, and the
role of college science instructors were emphadizexlighout the course.

NOS Research Meetings Il

The research group met several more times overakiefour months to further discuss
NOS views, teaching practices, facilitators andibes. The participant researchers wrote final
impact statements which described their total aepees with teaching and learning NOS. The
guideline for this was developed by all group mersb#/e met to analyze and discuss the final

impact statements. This meeting was recorded trgiggo-tape and notes. This session was
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designed as a roundtable discussion in which timegpy researcher asked questions to clarify data
obtained from all previous sources.
Data Sources and Analysis

We examined the phenomenon of learning about NG@S fithin a real life context (the
daily experiences of the graduate students in tbgram) (Yin, 1994). Data collection spanned
nearly 20 months and data analysis proceeded ite@tive fashion. Data sources comprised the
initial NOS survey, reflective writings (narrativaad written impact statements), field notes from
discussions and meetings, and a videotaped gregpstiion. Data were analyzed through a
constant comparative method, in that themes emdrgadinitial data sources and comparisons,
refinements, and additions were made as neceswzanyghout the study.

Personal Narratives

As a result of the NOS research meetings duringtinemer of 2006, the group planned to
capture personal experiences and reflections frmnyeéar that related to their growth in
understanding, teaching, and research on NOS. Uilppge was to identify themes from these
experiences and how they might affect NOS learagmgell as the future teaching and research
endeavors of the graduate students. One of theeiparits designed a guideline for the narratives
which served as a starting point for generating@ngdnizing the reflections (Appendix). The
guidelines include providing background informatedyout education and work experience, initial
perspectives on NOS, significant events in undedstey NOS, future expectations of using NOS,
and problems encountered in both learning and apgpNOS. None of the participants read or
advised any of the others on their writing to eeghiat all responses were accurate individual
assessments of personal experiences. These nasratare analyzed inductively (Bogdin & Biklin,

1990) to identify themes among experiences angpetives.
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NOS research group discussions focused on expesgeabkallenges, successes, and
developments in views and teaching practices. aeduthor documented these discussions
through field notes. Experiences and influencemftioe methods course were included in a “final
impact statement” (Appendix). Collectively, the tpersonal statements provided a comprehensive
reflection on learning experiences and personatidgwments throughout the year. Each participant
reviewed all the statements and provided initialgsis to identify common themes represented by
the group. We held a group discussion to share/ses) review the reflections, and gain consensus
on themes from the data. The “trustworthiness f@rences drawn from the data” was ensured
through the self-study and reflective comparisdtisgnhart & Howe, 1992). The first author
reviewed all data again for confirming and disconfng instances, further reducing and altering
the categories as needed to describe types ofiernpes and personal factors that represent the
graduate students’ learning of NOS. All particigaptovided review and final consensus.

NOS Questionnaire

Data also included responses to the VNOS-C quesdioathat participants provided during
their first week of the initial course. These raspes served two purposes. First, they provided
description of initial views, analyzed through thethod of Lederman et al. (2002). Second, they
provided a baseline for comparison and reflectidgmoughout the discussion sessions, participants
could refer to their initial ideas to reflect uploow their views have developed. Given the nature of
the discussions and course assignments, it wasfootative to request post-VNOS responses.
The students had become familiar with typical “ediand “informed” responses (Lederman et al.,
2002) from reading and discussing literature art{ring VNOS analysis.

RESULTS
The results are presented first through summatlgegraduate students personal impact

statements that describe reactions and turninggoiihese summaries are in the participants’ own
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voice, and give an indication of the unique persipes each graduate student associates with NOS.
They also show how all five students went downm@mmon path, leading from confusion to
enlightenment regarding their understanding andiegipn of NOS. They also demonstrate

distinct differences in orientations and motivaio8econd, initial NOS views and changes in views
are summarized (research question #1). Next, waidesNOS teaching attempts and challenges
(research question #2). Finally, the bulk of theutess address research question #3. We describe
factors and experiences that impacted these gmaduaients NOS views and practices. Statements
of personal voice are representative of reflecteoms intend to inform the reader of our inferences.

Personal Reflections: Perspectives and Impacts

Brandy
Before taking the course on NOS research, | wagtrited and confused by my past

experiences in science. Most of my coursework eadhing had been in Biology. | had always
been taught that science is important and absglttalamental in education. | was given the
impression that it deserved a place of prominentenwcompared to other subjects. However, my
experiences in the [research] labs and the classted me to believe that science was arbitrary and
subjective. | had a difficult time trying to justithis and was becoming frustrated with science in
general. | was also finding it difficult to be cad#nt in teaching the subject because | was losing
interest in it. After taking the nature of sciermirse | realized that subjectivity, creativity and
tentativeness are a part of science. Howeverdmger feel this reduces science’s credibility,
because | no longer see science as being moretampdinan other subjects. | was holding science
to a different, and inappropriate, standard théeotypes of study. This new realization allowed
me to justify my interest in it, has given me a memfidence to teach science. | feel | now truly
understand what | am teaching and | can discerrogppte situations in which science should be
emphasized.....l tend to concentrate on the arelasvadnd theory, especially when discussing
evolution. | also incorporate tentativeness andadcaltural aspects into lectures, often throug t
use of historical perspectives on the topics....tdtEnmiss opportunities to discuss creativity,
which | could incorporate into small group modelagivities | do. | also tend to avoid the idea of
empirical knowledge, because | have a difficultdidistinguishing it from objectivity (versus
subjectivity, which | often incorporate into dissi@n on social/cultural contexts). The roadblock |
have in teaching NOS is the students | am teaclasmgyell as other faculty. Students get frustrated
when asked to learn in ways they have never ledveéate [use of inquiry]. They have learned that
science is something different from what | am téaglhem..[Note: Brandy has incorporated
explicit/reflective NOS instruction into an undexduate biology course for elementary education
majors, under the supervision of the primary resesr]

Fang
As Chinese, we are growing up in an environmertttttmdominant dogma is materialism...

In our mind, science represents truth, equality, @amhority. Few of us ever questioned the rules,

14
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theory, or the law of theory we learned. | firsaletabout NOS in the research course. My feeling
was like walking in a maze, having not even aditlue, which is very uncomfortable. It was hard
to change and accept an almost opposite view. hadidjet the idea of NOS until after experiencing
formal instruction, authentic observation and grdigzussion for about two months. It was a
gradual process, from doubting and unbelievingarfusing, and understanding and believing
finally. | felt shocked since the perceptions desce that have been rooted in my mind for over
twenty years suddenly had to change. The mosttaféeexperiences were the hands-on NOS
activities and minds-on questions from the clagscissions made me clarify and deepen my
personal understanding. | think this is a crucat fior people to understand NOS. The other
impressive experience was observing a science sthdent. | could describe aspects of NOS in his
work. However, as a teacher, | still feel diffictdtput NOS in my lecture. What is the good topic
and what is the good time to insert NOS are twopbaplems for me. After summer 2006, | took
the college methods course and prepared for the@rrmansive examination about NOS. [These
experiences (reading of more research, practigdicgdion through lesson planning)] helped me
develop deeper understanding of NOS, and made mederstand how to design a NOS lesson
within science context and how to teach. To spealetail beyond what is the meaning of NOS and
how to assess people’s view of NOS that taughtrbefth the method course and preparation of
comps broadened my knowledge of NOS. Comparing Wearned before which is more
theoretical, these knowledge helped me realizedhe, the meaning, and the usage of NOS
research. In other word, these knowledge made raederstand the importance of NOS, which
actually improved my motivation in learning NOSndérstanding NOS does not mean being able
to teach it. | have the same problem as many teaclescribed in many researches. | was able to
tell students what the meaning of NOS, for exarmmgiat the subjectivity of science means. But |
can only explain it with very limited sentencesttlearned from the articles. | felt that my lectorfe
NOS would be very abstract and boring. So at that,tl did not have enough courage and belief to
teach NOS. The methods course provided some gandmgs of teaching NOS in science context,
which make me to get familiar with this type ofsdaand get a sense of how to teach NOS in a
science context. The assignment of NOS teachingipléhis course has the direct effect on my
view of NOS teaching. Under the pressure of thegassent, | started to think seriously how to
design a class. It took me some time and effortseamching materials, examples discussing with
colleagues, but it was really a very good expegeidter some hard work, some ideas came up. |
started to understand where to put NOS in the seienntext and how to integrate both NOS and
subject knowledge to teach. This experience not belped me learn how to teach NOS, but also
improved my confidence in NOS teaching.

Hang-Hwa
I'm a scientist and also a science teacher educhiter NOS research course was the first

time for me to learn and to think about NOS. At tivae, | didn’t realize that to know the
knowledge of NOS could help me to understand arekpand my ideas for science. Now, I'm sure
that NOS will help pupils to be interested to desce. | first thought that NOS was very easy and
common for scientists. However, when | got a quaséibout “What is the NOS?” | couldn’t
answer it quickly. The main experiences that impachy knowledge were realizing my uncertain
ideas for NOS, having an expert who could checkdags for NOS, and then trying to teach NOS
to inservice and preservice teachers. As | preparéshch a methods course in my country [during
the summer], | reviewed the NOS materials and pabbns. | discussed with the students about
NOS. The aspects of NOS became clearer to me. irgpekperience gave me an assurance to
teach NOS explicitly. The students reflected th&t@S is taught explicitly, their pupils could feel
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that science is very interesting instead of borintpw have many ideas for research in science
education. | conducted a research study of Koreasepvice elementary teachers’ NOS views.
Conducting the interviews and analyzing the dataaicbed my NOS views. | had to reread the NOS
articles because | want to get clearer frameworkdsearch analysis. At that moment, | could find
more information from references. I'm pretty sumattinformation already there when | read it,
however, | just ignore some points because | didg@tize that those information in every each line
are important for my research. If | stopped in ¢hier think about NOS aspect after the [first NOS
research] course, | might stop to keep differeatwa of NOS and probably back to chaos about
aspects of NOS. Teaching is a good chance to thiore deeply about aspects of NOS since it was
a challenge to say aspects of NOS explicitly aseéaech procedures also helped me as a kind of
beginner of informed view of NOS. [Note: Hang Hwashncorporated explicit/reflective NOS
instruction into an undergraduate biology courseefementary education majors, under the
supervision of the primary researcher.]

George
Coming from Anglophone Cameroon where is a traditbdiscipline-specific science

teaching and learning, | went through many ‘misggplortunities’ in my struggle to understand
what science really is. | knew science as a compartalized body of undisputable facts which was
done by following a rigid set of procedures. Thisrthe unavoidable reliance on textbooks which
are like Bibles. From this perspective, it doesmatter if students understand how scientific
knowledge is developed. What is important is makivggrades and going out to get a job. Later as
a science teacher and trainer the cycle was toneantNOS eluded me till twenty-five years after
my formal initiation into science. With my enrolniento a graduate program in science education
and taking a NOS research course my perspectigei@ice and science education was to be
dramatically overhauled. At first it did not makeioh sense to me. It was only through careful
reflection that | could come to terms with ‘thisifftiknown as NOS’. | do not only see science now
as this body of knowledge and processes which stadve to know so as to pass exams, but also
as a way of knowing. At this moment | cannot stamdering if Cameroonian students are actually
becoming scientifically literate and what effeasthas on the society. This leaves me thinking
about what can be done in bringing about a chamgfgei teaching and learning of science in
Cameroon.

Through subsequent courses | have been able tatpyiractice some of the ideas | learned
in the research course. Two courses involving legrtheories and college science teaching have
helped me shape my ideas and use of NOS. Durirsg tt@urses there have been opportunities to
incorporate aspects of NOS in the learning proaesst significant of which were the creating of
lesson plans and presenting of micro-lessons. fidlged me face and overcome the challenges
involved in understanding and teaching NOS. | lracttread some writings on NOS in order to
properly use them. Through use of NOS | became mmmé&dent and motivated to incorporate
NOS in my teaching. | am able to freely include distuss many aspects of NOS during my
lessons. A very important discovery for me has ldberuse of history in the teaching of NOS. |
feel my teaching has improved because | am al#apain certain issues in science to my students
in more appropriate and convincing manner. | stillggle a bit with explaining aspects such as the
distinction between theories and laws to the sttedéihe engrained nature of their earlier views
makes it more challenging for me. This hasn’t bieea of frustration for me. My greatest
frustration has been having some students stilhgdbr “right answers” or “right procedures.”
However, | think | am expecting a fast change wih@mas not that easy for me to understand some
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of the aspects of NOS. This consoles me and teawhde be persistent but gentle in guiding
students to an appreciation of NOS. | am learningenand more about NOS as time goes by.

Robert

Since my primary education | had been told thagrem establishes facts that are very close
to the truth and if science says, it is so. | hadrbtold and | had learned that science made such
great progress and advancement because of itd sastigproven scientific method. These were my
thoughts coming into the graduate program. Funayabthe end of the first session of the NOS
research course, | was in denial. Letting go ofsitientific method was a very great problem for me
until 1 internalized the role creativity plays inisnce. It was new to me to know that there are
values and norms that govern science and its pted8omething that gave me confidence to
associate freely with the body of knowledge cafiegnce for my life is really the value laden
NOS. It was a great relief for me to know that éhare social cultural values carried with every
scientific endeavor. This realization gave me asbobd self esteem for then | knew that African
science can be accepted as a contribution to timbscientific movement. Remember | came into
the [NOS research] class knowing that the globatiyepted science is western science. The class
activities like the Mystery tube, the foot pringt¢., and the group discussions played a greatirole
helping me learabout science instead of science. Right now | can tgMaluate scientific
statements; | can participate comfortably in soteratated debates. My confidence to voice out my
scientific opinions has greatly improved and mysce teaching has greatly improved. Now | can
teach through inquiry with a little bit more corgitce than before. Even with all this long strides
into the better understanding about science, laeded help especially in the pedagogical content
knowledge (PCK ) area to enable me teach NOS witiidence. The college science methods
course greatly helped me acquire the PCK to ted28.N'he methods course helped me acquire the
strategy to identify the learner’s misconceptiod aome up with an activity that will help that
learner drop their conception. Moreover, take anabcepted scientific conception. The different
peer teaching presentations from various scierdifciplines helped me polish up and internalize
further NOS. | also studied the phenomenon of tiegcROS in the middle school. | gained great
insights into the NOS views of middle school teashkalso come to appreciate that the teachers
do not differentiate clearly about teaching by iingand teaching NOS. This makes them unable to
plan to teach NOS; those who try, they do it impiic

My view of science as a conscious human activitylbeen greatly strengthened. | have with
greater confidence to discuss and explore othenams in class. | found out that the tentativeness,
empirical, observation vs. inference, creativityg aubjective aspects of NOS are easy to embed in
my teaching material. At least | plan with fair eds incorporate any of these in my lessons. The
social cultural context and functional relationshgd theory and law have been the hardest to
embed in my teaching material.

How do NOS Conceptions Change during a Graduatgr &ro?
The VNOS-C and initial discussions elicited conaap of eight NOS aspects
(tentativeness, subjectivity, creativity, empiritdDS, difference between observation and
inference, difference between theory and law, sadiaoral embeddedness of science, multiple

scientific methods). All of the graduate studerggdn with fairly positivist perspectives of NOS.

17



Future science educators learning NOS

Four of the five reported being comfortable witk tleas that science is objective, authoritative,
and value-free. Three of the five reported thategheg a single scientific method. The two who
considered multiple investigative approaches (Byaartd Hang Hwa) were the only two to also
initially describe the role of creativity in develag scientific knowledge. Only one, Brandy,
viewed scientific knowledge as inherently tentat@serall Brandy held views more aligned with
current NOS perspectives than the others. Her VIE3Bonses indicated consistency with current
views on seven of the eight aspects. The othedstheditionally naive views (Lederman et al.,
2002) of most aspects. Robert was the only onesoribe a functional difference between theories
and laws, although he still thought scientific kiesge could be absolute and objective.

The participants indicated dramatic positive shifttheir conceptual understanding and
affective commitments to NOS. They were able twaldte informed descriptions (Lederman et
al., 2002) of most aspects, as evidenced througgtudsions and writings. We feel that for the
purposes of advancing NOS research, it is suffidc@neport that these students achieved the
desired conceptual advances, and then focus moreudphly on the results of how they got there.
In the summaries of personal reflections, the gagelatudents described their advances and
personal reasons for their views. We present ifledtinfluential features later in this paper.

How do NOS Teaching Practices Change during a Gtaderogram?

Teaching Attempts

All five reported not having taught about NOS poaig to the program. All five reported
success, to different degrees, in incorporatindi@kpeflective NOS into their undergraduate
science courses during the program. Brandy and Haagvere under the supervision of the
primary researcher to plan and teach their bioldggses. NOS was already embedded through
objectives, instruction, and assessments. Nonatheleey needed to negotiate for themselves how

best to address relevant NOS aspects within tHedyi@wontext. George, Robert, and Fang had
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more independence with their NOS teaching choiResiew of videotaped teaching sessions (a
requirement for the method class) supported selbte of NOS teaching. Most commonly taught
NOS aspects addressed were tentativeness, sultjeahservation and inference, and multiple
scientific methods. For all five, finding approgaaontexts to distinguishing between theory and
law and teaching about the social and cultural N¥@8 more difficult.

George embraced the use of history of sciencddoeas NOS topics in his chemistry class.
For example, he used historical models of atonniecsitre to discuss social/cultural influences,
tentativeness, and observation/inference. Georgadnask students to make connections from
examples and NOS. As the semester progressedpbiesréncreased confidence and insight into
how to utilize historical examples to teach NOSntorporate NOS with everything now.”

Robert, HangHwa, and Brandy utilized group dismrst raise NOS connections within
science contexts. Through questioning stratediey, aimed to challenge students to think about
how class activities and investigations represpati$ic aspects of NOS. Robert embraced the
essence of creativity and social/cultural influendée wants his students to know that their ideas
are important and that everyone can be succesgfubaience. His prior view of teaching science
as factual, through methodical procedures, is ghbectheless, there are challenges with
implementing this new perspective.

Challenges with Teaching NOS

Challenges spanned from curricular restrictiongeé&ings of low efficacy in abilities to
teach NOS. All participants recognized the needrflmrmed NOS views as well as multiple
examples that mesh with the science content of toeirses. Although they report a better
understanding of NOS, teaching was another mattéeast initially. Challenges with teaching the
undergraduate science courses stemmed from noigse@nnections between NOS and the science

content, not explicitly planning to teach NOS, &ading to maintain consistency with the other
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sections of the course. The undergraduate couesesrhultiple sections, taught by other graduate
students and faculty. The teaching teams for rés@escience courses meet weekly to discuss
upcoming lessons. With the exception of Brandy ldadgHwa, the participants reported that these
meetings either never did, or did so sporadicaltiend to embedding NOS within the specific
content. These external constraints were barfeitsonly to an extent. Internal motivations for
teaching NOS needed to surface through asking guestions as “How important is NOS to my
students?” We discuss below external and inteawbfs influencing successful teaching practice
as they relate to conceptual knowledge, efficany, @edagogical content knowledge.
What Experiences and Factors Impact NOS Concefualvledge and Practices?

Themes of perceived influential factors emergedifreview of all the data. We describe
these themes alongside representative quotes porupferences. Many of the quotes are also
presented within the individual summary statemabtsve.

Initial Reactions to and Rationales about NOS Views

The Novelty of NOS

At the beginning of the program, none of the gréelséudents had ever considered NOS in
an explicit manner. The novelty of NOS surpriseshthespecially given their science backgrounds.
Although Brandy had rather informed conception8lOfS, she, like all the others really had not
heard of NOS before the research course.

| had no idea what [NOS] was or why anyone woubldehstudied it. | assumed it [NOS

research course] was going to be a discussion aachtof the four major science

disciplines. When | finally did realize that NOS sseimply about science in general and
what it is, | was relatively taken aback. It hasereoccurred to me that someone could
define science..[Brandy, initial narrative]

It was a gradual process, from doubting and unelig to confusing, and understanding

and believing finally. | felt shocked since the gaptions of science that have been rooted in
my mind for over twenty years suddenly had to cleafigang, initial narrative]
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Since my primary education | had been told thagrem establishes facts that are very close
to the truth and if science says, it is so. | hadrbtold and | had learned that science made
such great progress and advancement becausdesdti#d and proven scientific method.
These were my thoughts coming into the graduatgram. Funny, but at the end of the first
session of the NOS research course, | was in d¢Riabert, initial narrative]

Prior Science Learning and Teaching Experiencesar8mess of the Disconnect between How

Science is Taught and NOS

As depicted in Robert’s quote above, prior scideaening and teaching experiences was

considered a source of initial views.

| was always taught science in this [absolute] v&ythat is how | always thought science
is. [George, initial narrative]

| am a scientist and also a science teacher educdtdOS research course] was the first
time for me to learn and to think about the NOSarjgHwa, initial narrative]

The NOS was foreign to me, even as a graduaterstudegas taught that one thing that has
made science very successful is the scientific atethknew that this method was
universal, there by making science universal...| kifeat science was very objective and
free of values. | had this mind set that thereniy one science through out all cultures and

it was not a social construct at all. Science Wwaset and men and women just discovered it.
[Robert, final narrative]

Cultural Influences

All five participants were raised and educated ohifferent country (Table 1). In discussions

about prior experiences and embedded perspectdoed acience, participants’ cultural origins and
worldviews provided rationale.

As Chinese, we are growing up in an environmertttttedominant dogma is materialism.
From elementary school, we have been taught tkeae ik no divinity or supernatural
beings, all the legends are fictive, all that we balieve is the true and absolute material
world. Subsequently, in terms of science, we titusind respect scientists as well since in
our mind. We believe without any doubts that scgsistrictly follow well-designed
procedure. In our mind, science represents trahalgy, and authority. Few of us ever
guestioned the rules, theory, or the law of theeeylearned. [Fang, initial narrative]

| came into the [NOS research] class knowing thatgiobally accepted science is western
science. [Robert, final narrative]

Factors Influencing Change
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Both external and internal (personal) factors seetnémpact NOS views and practices.
External factors relate to programmatic componéhtags the graduate students had to do).
Internal factors relate to personal motivations@snce educators. At times the relative effectg ma
be indistinguishable; as internal motivations mayriggered through external pressures of course
assignments. Motivations to succeed may manifesugh external impulses. The following
categories represent the reported influential featof student experience, but the effects of any
one should not be considered in isolation.

What Experiences had a Positive Impact?

The group addressed this question multiple timesutfhout the study. As new experiences
arose, they reflected on the impact as well asn®dered impacts of earlier experiences.
Programmatic components including the two courB&33 Research and College Science
Methods), teaching experiences, NOS research psogad group support were reported to be
main influences. Elements within these compondrasderved as triggers for NOS developments
are discussed here.

Graduate courses.

Both the NOS Research course and the College ScMethods course reportedly
influenced views of NOS, views of NOS teaching, abdities to teach NOS. This finding alone is
not a surprise, given the focus of the courses. é¥aw the more intriguing findings stem from the
graduate students’ descriptions of learning comptsneithin and across the courses that they feel
challenged them to consider personal NOS viewsedisas views of science teaching and learning.
These elements include consistency of NOS messagertunity/requirement to formalize NOS
views; opportunities to evaluate NOS views relativethers’, to readings, and to activities;
requirement to plan NOS objectives and instructimiesson plans; requirement to include NOS in

lesson presentations; feedback from faculty andspebservations and interviews of college
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science teaching/teachers; requirement of refleaiscussions and writings. These elements were
present within one or both courses experiencedégtoup.

NOS Research coursdhe group reported that the NOS research cowdealpositive

impact with respect to enhancing NOS conceptuatrstdnding and raising awareness of NOS
teaching issues. Recall that four of the studeetmb the course with beliefs in science as objectiv
and product of a single scientific method. Robegaidibes his conceptual change:
After my experience in the [NOS research coursg]conception of what science is and
what it is not changed completely. The knowledgetlout of the course took me to a
completely different way of examining scientifi@ohs. | came to understand and
appreciate that scientific knowledge is tentatind there was never a mighty scientific
method. | learned to appreciate that prior knowteplgys a big role in the observations
scientists make. This makes science subjectivelahdtable. [Robert, final narrative]
Specific elements of the course were reportedlytimfisiential: NOS activities, group
discussions, teaching observations, readings, @fldstions The simple, non-threatening NOS
activities that introduced the concepts were thotgle essential to providing common
experiences. These experiences served as a badisdossion about the more philosophical issues
and personal controversies. Observing and refligaincollege science teaching (assigned
observations for the course) raised awarenesswfypcal science teaching may misrepresent
NOS. These experiences also provided context fmrmdiscussion.
| really began to understand what was meant by MG®&h we conducted observations of
classroom teaching. | observed a course that fdraaerly taught and felt constrained by
the ideas of right and wrong answers or methodoltigyas through this observation and
subsequent interview with the instructor that lizeal that we are told by others that science
is strict and all-knowing, but we understand witburselves that it is not...the conflict is

there, not just in me, but in others and that eonfieeds to be resolved. [Brandy, initial
narrative]

College Science Methods cour3ée group reported that the methods course further

advanced NOS conceptual understanding and hadigrpatt on understanding of NOS teaching.

Instruction modeled integration of NOS within s@ercontent and within various instructional
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strategies, including lecture, discussion, andraiooy techniques. Students were required to
develop a course syllabus and unit lesson plamaggaeed of at least five instructional sessions).
They were required to include explicit NOS objeefiyinstruction, and assessments. Class sessions
also focused on common misconceptions about NQ@8itdted by review of the research; and
prompted frequent reflections on progressionsaniieg NOS.

Lesson presentationfstruction modeled how to embed explicit NOS aoiénce content.

These lessons were accompanied by rationale eégtes for college science teaching. Discussion
also focused on how NOS issues were attended exglicit manner. Student groups developed
and presented an inquiry-based lesson that inclagplicit NOS elements. Through presentation
and discussion of these lessons, students wereseapo a variety of strategies and contexts for
NOS teaching.
A big impact was the methods course. From the N&38arch course, | had memorized
aspects without real understanding or applicafidme methods course required application
and had more NOS activities and examples that Hedfaeify for me. | found it difficult to
make connections with physics context, but lessanmng and feedback helped. Easiest for

me was observation and inference and tentativeffessg, final discussion]

Lesson planninglhe participants reported that they valued lessannpng because the

exercise demanded clear NOS understanding and ghtistua to explicitly construct relevant
objectives and instruction. The students realibad ih order to teach NOS, they must have a good
understanding of what NOS is. Thus, the lessonnptgnprocess challenged them to match their
NOS ideas with the science content. They also damealize that understanding NOS, although
necessary, is insufficient to effectively and cetetly incorporate NOS into science teaching. For
some, this was a hard lesson to learn, as they/toibold tight to the preconceptions that
knowledge and implicit intentions would succesgftianslate into classroom practice. Through the
required lesson planning, the students reportadagase in addressing NOS in their science

teaching.
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During these courses there have been opportutatiesorporate aspects of NOS in the
learning processes, most significant of which wheecreating of lesson plans and
presenting of micro-lessons which had NOS expji@thbedded. This helped me face and
overcome the challenges involved in understandmpteaching NOS. | had to re-read some
writings on NOS in order to properly use them. [&eo final narrative]

Under the pressure of the assignment, | startéuir& seriously on how to design a class. It
took me some time and efforts on searching maseralamples, discussing with colleagues,
but it was really a very good experience. After sdmard work, some ideas came up. |
started to understand where to put NOS in the seienntext; how to integrate both the
NOS and subject knowledge to teach. This experiantenly helped me learn how to

teach NOS, but also improved my confidence in N€#ghing. [Fang, final narrative]

Peer interactions/sharing.he participants valued opportunities to sharesdeal

experiences in a safe and trusting environmenteBapcing different science lessons that
attempted to embed NOS demonstrated a myriad afegefor explicit NOS teaching. Discussions
about seized and missed opportunities within seiéessons highlighted where and how various
NOS aspects could be connected to science comtdréarning activities.
The different peer teaching presentations fromoueridisciplines and discussions helped me
polish up and internalize further NOS. | could bettee where and how NOS could be

connected to the science content. [Robert, firedudision]

Classroom observationStudents were required to conduct six teachingrghtiens (2

self, 2 peers, 2 other). These experiences braugtality to why we placed so much focus on NOS
and the images of NOS portrayed in typical collsgence classes. Observations and reflections
pushed the students to focus on the how sciermarigayed in real classrooms. For some, there was
a challenge to set aside the typical science coatahfocus attention on NOS connections. Some
students in the methods course were resistanttingaside their content focus. Yet, the five
students who had prior experience in the NOS rebeaarurse seemed to be more successful in
describing and analyzing NOS portrayals. The ewdduor this statement stems from the primary
researchers’ access to student reflective writaugspleted for the course. Sample responses,

however, are not available for the present paper.
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Research

As a requirement of the NOS research course,dhtepants proposed research studies
with a NOS focus. Brandy, Hang Hwa, and Robert deted their studies. The other two had
problems recruiting participants and decided tag#heir studies. Brandy, Hang Hwa, and Robert
reported that the experience of studying othemsivei of NOS and NOS teaching practices impacted
their own views of NOS, NOS teaching, and needsadhers.

| myself prepared some interview questions as Itweough participants’ reactions on

guestionnaires...l realized that | have no detaifleé$ of views to make an analysis for my

research. Therefore, | read references of NOS dgmiause | want to get clearer framework

for research analysis. [Hang Hwa, final narrative]

| have been able to study the phenomenon of teg@spects of NOS in the middle school.

| gained great insights into the NOS views of madsithool teachers. | also come to

appreciate that teachers do not differentiate lgldgrinquiry and teaching NOS. Teachers

run short of the pedagogical content knowledgesifaaas NOS teaching is concerned. This

makes them unable to plan to teach NOS; those whthey do it implicitly. [Robert, final

narrative]

Teaching experiences

All five were teaching in the undergraduate sceepmgram for elementary education
(Table 1) as part of their assistantships. As dised above, they all reported trying to embed NOS
within their instruction, and had various levelssatcess with various NOS aspects. They reported
that these personal teaching experiences challahgedNOS views and teaching orientations.
Initial teaching attempts were more difficult thexpected. As George stated, “I thought it would be
fairly easy, but it wasn't. | had to explicitly pldo teach it.” Hang Hwa realized that to teach NOS
she needed to increase her comfort with her own Ki@®/ledge, “Planning required rereading of
materials to be sure | know the content and plarapgaopriately.” As she reflected on her NOS
teaching and the impact on her own views, shezedlihe limitations of her own views.

Discussions with students helped me to furtheeottbn my NOS views and effects of
teaching attempts. | realized | wasn’t being expéoough. Students had some problems
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with understanding that | need to address. Thisemaé further to understand NOS.
Memorization is not good enough for teaching itafig Hwa, final discussion]

The importance of planning became evident thrabglprocess of teaching attempts. They
all reported that, especially initially, they woudtzrget to make NOS connections unless they
planned explicitly to do so.

If I didn’t use it in my planning, | wouldn’t thinkbout it. | thought it would be fairly easy,

but it wasn’t. | had to explicitly plan to teach Tthe methods course required objectives and

instruction. | then tried to put it into my chennystourse. | have to plan for it. [George,
final discussion]

DISCUSSION

Each of the graduate students in this study expese a change in perspective. For four, the
change was dramatic with respect to understand®§ Bnd the relevance of NOS to science
teaching and learning. One student, Brandy, wasdemfortable with the absolutist view of
science teaching, yet she felt she wagposedo think this way. Her NOS views did not mesh with
what she thought they were supposed to be, atdsdsr as teaching science. For Brandy, learning
about NOS was somewhat of a relief. Her “changeenrspective” was different from the others in
that she already understood many of the conceptO&, but she felt that she was supposed to
teach science in the more absolutist, value-fregiwavhich she was taught. Finding out that there
was a concept called “NOS” that fit with her alrgddrmed conceptions validated her prior
feelings about how sheantedto teach science. Her “change in perspective” ware relative to
her views of good science teaching. For the othibes;change in perspective” was with respect to
NOS viewsandwith respect to what constitutes good science iagch

That each participant experienced personal tramsitand growth is not surprising, given
the consistent message; requirements for perseft@ttion, modeling, planning, and teaching; and

on-going support. These influential elements aresisbent with prior research on developing
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teachers’ NOS views and practices (Abd-El-Khaliclk\Berson, 2004; Hanuscin et al., 2006;
Lederman, 2007). The finding that these five stislerere more successful (albeit anecdotally) in
incorporating NOS into their instructional planslaaaching during the Methods course compared
to those students who had not previously beendaotred to NOS, further supports the need for
repeated exposure. The notion that “one coursetismough” (Akerson et al., 2006; Lederman et
al., 2001) reverberates from this study.

Utilizing Internal Commitments toward NOS Conceptual DevelopmentTaathing Practice

External factors such as program requirements ragg itiated change, but it is perhaps

the internal factors and perspectives of theseestisdhat provide insights to sustaining
progressions once the external pressures subgiteeEl-Khalick & Akerson (2004) describe
“motivational factors” as they relate to presenatementary teachers’ perceptions of the
importance of NOS. What influences teachers’ irdbzation of NOS? Our study suggests
personal commitments to science teaching and palrgoals are important factors. Programmatic
requirements provided external pressures and stgpjmolearning and teaching NOS. It was,
however, personal commitments that seemed to etfabktudents to internalize what they had
learned and, moreover, to negotiate challengesrdhéts suggest that tapping into a teacher’s
commitments to improving science teaching and legrmay be paramount to advancing past
initial conceptual understanding of NOS as a contmpard a more meaningful embracement of
NOS as important for all science learners. Thidyidentified common experiences and personal
elements that seemed to utilize and deepen existingnitments. It is important to note that these
features are not mutually exclusive from each otiéhe aforementioned programmatic elements.

Learning in Social Contexts

Group activities from courses, teaching discussiand informal discussions challenged

NOS conceptions and provided peer support and &xdi®ur findings suggest the act of talking
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with others who share common experiences and geged trigger conceptual development and
sustain motivations. Formal and informal reflecttirecussions in a safe and trusting environment
were venues to vent frustrations as well as shewsopal ideas, pose “what ifs” and compare views
and experiences. Learning did not take place ilaiem. Challenges were not unique to any one
person, nor were commitments to becoming a beattense teacher. This finding is supported by
the work of Loving and Foster (2000), who examihew graduate students understand
compatibility of science and religion. They reptbrat peer sharing provides a “sense of relief from
most who had struggled to find a position but gdifrem the experience” (p. 465). For the present
study, sharing, comparing, evaluating, and re-atalg continued throughout the 18 months,
regardless of course or program assignments. Ceav@ns in graduate student cubicles often
involved reactions, challenges, and possibiliteagarding NOS. That this level of group sharing
took place, and was valued, reflects an interndlcemmitment to NOS.

Orientations and Critical Appraisal

Our results support reflection as an instrumeratetdr in facilitating graduate students’
transitions in conceptual knowledge and teachimgntations (Irez, 2006; Loving & Foster, 2000;
Volkmann & Zgagacz, 2004). Our results further sgjdghat motivation to continuously improve
one’s science teaching may be an instrumental fatt@alizing effects of reflection. For these
graduate students, conceptions of “good teachind’aientations toward becoming “good
teachers” may provide the internal motivation nsaggto gain from reflective and metacognitive
activities. This finding can perhaps be better usi®d based on the work of Volkmann and
Zgagacx (2004), who find that NOS views can supgpertain teaching orientations, but there is
also a need to explore professional identity. Ttieguss the interplay between teaching

orientations and professional identity. Challentgelseliefs are necessary to modify teaching
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orientations. Our work provides an in-depth exarnmeand personal account of five graduate
students’ challenging their NOS beliefs throughtoared reflection and action.

Reflection, however, did not come automaticallyude assignments, modeling, and
scaffolding of reflection on experience seemedatilitate a reflective perspective. Outside of
coursework, reflection about others’ teaching, peas teaching, and science-related encounters
(e.g. readings, media, conversations) seemed togirfurther reconstruction of NOS ideas and
needs for teaching. As external prompts wanedinatenotivations may have taken front stage to
sustain learning. Our results suggest that mulegj@sures aided the processes. For example, the
first time reading about NOS and reading primaryS\@®erature can be overwhelming when the
concept is brand new. Several reported that remgade literature was helpful to advance NOS
conceptions and awareness of its applicability @8\ HangHwa reported that about six months
after the NOS research course, she reread thelgarmture in preparation for her teaching and
research. She was better able to understand ¢natlite at the later time. What was different the
second time around? First, her reason for reatiegraterial was different. Reason shifted from
external (course requirement) to internal (preparéeaching and independent research). Second,
she had an idea about NOS as a concept. She Weppdretter prepared to critique and understand
the descriptions and claims from the literatureshe rereading. It could now make more sense to
her, personally. It seems that she had internal®@8& as a concept of importance and utility,
wanting to incorporate NOS into her own teachingifar shifts with understanding NOS literature
were reported by Fang, Robert, and George.

Self-Awareness

Formal and informal discussions and reflective wgi$ prompted the graduate students to
assess their NOS views and teaching views. Thegnbecritical appraisersof themselves as well

as their students. This theme of “self-awarenes®rged from the findings. The students utilized
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their self-awareness regarding personal views oEM@d requirements for successful learning and
teaching. As a group, they realized the neqalda for teachingNOS in order to teach NOS. They
realized the need to understand NOS and connedtidhgir science content in order to plan for
teaching NOS. They repeatedly claimed to criticaliyraise the adequacy of their own knowledge
and abilities for that which is necessary for “gaedching.” The metacognitive perspective needed
for such appraisal was evident from the beginninidp® NOS research course. It is interesting that
four of the five were initially “shocked,” as Fadgscribed it, to discover they had never been
exposed to NOS before, despite their extensivaseibackgrounds. Could such a realization serve
as a springboard for conceptual change? Throughklintadings, writings, and discussions that
prompted comparison of personal views with advat&l®S perspectives, the graduate students
began their journey of critical appraisal.

Awareness of and Concerns for Students

The graduate students expressed concerns fomstiedening and discussed student
preconceptions regarding science. We saw thisafjpppraisal very early in the program when
George and Robert wondered how children in CameanoinUganda would react to learning NOS.
As the graduate students attempted to teach N@®inundergraduate courses, they were aware
that their students held many of the same miscdimepthat they themselves had held. This
awareness of students and recognition of studaileciyes seemed to integrate with awareness of
the graduate students’ own learning progressionsl@S. The integration may have helped several
of the graduate students understand student sé&siggl

The engrained nature of [students] earlier viewkenat more challenging for me. | feel my

teaching has improved because | am able to expéatain issues in science to my students

in a more appropriate and convincing manner. | Atgbmy students getting less confused
with some activities as they understand they candifferent approaches, have different
results, and feel they are doing science... My gstditestration has been having some

students still asking for “right answers” or “rightocedures.” However, | think | am
expecting a fast change when it was not that ezrsymé to understand some of these aspects
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of NOS. This consoles me and teaches me to bespesbut gentle in guiding students to
an appreciation of NOS. [George, final narrative]

Science Teaching Efficacy

The cycle of trying to explicitly teach NOS, refteng on attempts, trying again, reflecting,
trying, reflecting, and so on....reportedly had aifpgesimpact on the graduate students’ self
efficacy for NOS teaching and for science teaclingeneral. Initial frustrations were met with
commitment to do better. Peer and faculty suppaviged a safety net to sustain motivation.
Success served as a catalyst for further atter@atstge described initial attempts to embed NOS
with a lesson on atomic structure. He knew thereewennections he could make. He planned. He
taught. He reflected. He saw additional opportesitHe reports that now, he sees opportunities for
embedding NOS in everything he teaches. Hang Hwarenced small successes with her summer
methods course. She brought those successes iy course. She reported feeling like a
better teacher. Robert and George make similamelalhey feel their teaching, in general, has
improved because of their perspective and inclusfddOS connections in their classrooms.
Course evaluations and teaching observations lytjesupervisors support their claims. Similar
impacts on teaching efficacy have been describ#delementary teachers (Akerson et al., 2006;
Abd-El-Khalick & Akerson, 2004), secondary preseevteachers (Author et al., 2002), and
undergraduate teaching assistants (Hanuscin &08i6).

Cultural Border Crossings

The novelty of NOS surprised four of the five grate students. These four were
international students, originating from four drééat non-Western countries. They reported
learning science from within a “Western” perspegtigonsistent with absolutist promotions. NOS
seemed a welcomed change to their prior perspectiesir worldview (in as much as we can

describe the participants’ worldviews from self-oetp seemed more compatible with NOS ideas
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promoted in the program. This is consistent witldAH-Khalick and Akerson’s finding that
preservice teachers who held worldviews compatilifie NOS ideas were better positioned to
advance their NOS understandings (2004). For tesemt study, the inclusion of NOS as a
descriptor of the culture of science may have ebseder crossing issues (Aikenhead & Jegede,
1999) seen between school science and life-wooldhese students.

Motivations for continued learning also stemmeadhfr@) future goals as science educators,
and (2) potential impact of NOS as it relates twsthgoals. Being an international group, the
students discussed possibilities of introducing NO®ieir home countries. The students saw NOS
as a means of easing border crossings for theirdgtudents, especially those from non-Western
cultures. Aikenhead and Jegede (1999) describedsha¥ents are required to transition from one
culture to another in order to learn science. “€quare the culture of science, students must travel
from their everyday life-world to the world of soge found in their science classroom. Students’
flexibility, playfulness, and feelings of ease Ire tworld of science will help determine the
smoothness with which students cross the bordetrti& culture of science (Aikenhead & Jegede,
1999, p. 274). Robert reflected on his prior vienattscience is exclusively “Western” and
discussed the potential of NOS as an avenue fowvatotg, establishing, and maintaining science
learners in Uganda. He has come to value the eigadind social and cultural aspects that he feels
would be inspirational to African children. LikewisGeorge considered how he might raise
awareness of NOS to learners in Cameroon as aceceghucator.

| do not only see science now as this body of kedgé and processes which students have

to know so as to pass exams, but also as a wayofikg. At this moment | cannot stop

wondering if Cameroonian students are actually bmaeg scientifically literate and what
effect this has on the society. This leaves mekthghabout what can be done in bringing
about a change in the teaching and learning ohseien Cameroon. [George, initial

narrative]

CONCLUSIONS AND IMPLICATIONS
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These stories of personal reflection highlight Erajes and influential factors in the
preparation of science educators. The “changernsppetive” experienced through this program
was multifaceted. These future science educator®dstrated change relative to their NOS
knowledge, NOS teaching, science teaching, anchpaterofessional contributions within
different cultural settings. They reported profourdlization that, despite substantial science
knowledge and experiences, they hadreatly thought about NOS before, or they had passively
accepted the traditional view. Reflection on ptearning experiences and science practice in light
of NOS readings and activities provided cognitiiesdnance. These students were able to identify
applications of NOS to address other issues imseiéearning that were already of concern to them
(e.g. cultural perceptions and attitudes towardna®). These metacognitive elements may be
critical to breaking the cycle of “teach as you &#een taught.”

Seeing NOS as an integral component of scienagadiyeseemed to be necessary for
advancing conceptions and teaching skills withotgmal pressures. We identified external and
internal factors that are associated with thesdugte students’ learning and teaching of NOS.
These factors are overlapping, yet there seems tortecessary shift from relying primarily on
external factors to drawing upon internal motivatido sustain momentum regarding a NOS focus.
Figure one represents our interpretation of thaticeiship between external and internal motivating
factors that influenced NOS conceptual and pedagbdevelopments in this study. External
factors of course requirements initiated the preaddearning and teaching about NOS. Initial
successes in learning and teaching may lead teftnamed conceptions of “good science teaching”
to include NOS by tapping into personal and protesd factors. For these graduate students,
continuedNOS conceptual and pedagogical developments seenfedinfluenced by internal
motivations associated with (1) Professional idexgtiand goals: commitment to becoming better

science teachers and science teacher educatoigd@hing orientations: values and perceptions of
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science teaching and learning, and (3) Personatiitis and goals. There may be a complex
relationship between thelativereliance on external and internal motivations eoceptual and
instructional development, at any given time. Titerinal motivations are always there, but may
shift in relative impact as perceptions about smeteaching shift. Valuing NOS as a construct may
enhance, or may contradict, a teacher’s profeskideatity as a science teacher and scholar. The
efficacy of this proposed model for other gradwatd teacher education programs should be
explored. Potential associations, prerequisitedusions, additions, and cultural influences need t

be examined through future research.

What does it mean to be a science teacher? Wiaicgsihow, and why should | teach my
students? To internalize the importance of NOS stunly suggests that conceptions of NOS likely
need to be compatible with a teacher’s answerdsetlguestions. Tsai (2002) reported this notion of
“nested epistemologies” where teachers’ conceptidMOS may relate to their conceptions of
science teaching and learning. Tsai suggests @tariging teachers’ beliefs of teaching and
learning science may be a prerequisite of chanieig beliefs about science, or vice versa (p.

780). This idea deserves additional exploratior. €dudy suggests that NOS needs be viewed as an
ingrained part of the science curriculum, essefiascientific literacy, but, moreover, essental
motivating learners toward science. Examining NE&8ring from perspectives of motivation

theory, orientations, and identity may help usnderstand deep internal factors that are faciligato

or barriers to success.

Our results highlight the importance of consisteany repeated challenges toward learning
NOS within the science education graduate prog@pportunities for critical discussion in a safe
and trusting environment may facilitate reflectitessary for change (Loving & Foster, 2000;

Smith & Scharmann, 2008; Tsai, 2002; Wlodarsky,3)00he two courses and NOS research
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group kept NOS visible for these students. Theydcaot just learn about it in a class and leave it
behind. Four of the five admit they likely wouldveaeregressed to earlier teaching orientations had
they not been pressed to keep thinking about itpaadticing. Akerson et al. (2006) reported such
digression among future elementary teachers. Gensiexposure and multiple challenges for
examining existing NOS ideas and teaching pracacesecommended for K-12 preservice teacher
programs (Abd-El-Khalick & Akerson, 2004; Akersana¢, 2006; Lederman, 2007). We make the
same recommendation for the preparation of sciezaEher educators. For science education
graduate programs, we recommend consistent expasutple challenges for reflection, and
supported experiences in teaching NOS within sei@onitent contexts. The added challenge for
these future science educators is developing peofty to teach others how to teach NOS. Further
research is clearly needed in all these areas.

The cultural diversity of the participants offeisaiglimpse into the potential role of NOS as
a bridge between life-world views and the culture@ence. The non-Western graduate students
embraced NOS as having significant potential tandpe world of science to more students in their
home countries. Does the inclusion of NOS changetifture of school science? Can the change be
such that cultural border crossings become lesartlaas or eveemooth(Aikenhead & Jegede,
1999)? How does NOS affect students’ “feelingsasfed with respect to the culture of science?
Does NOS have the potential to make science attedsr learners across the globe? These are

worthy questions for further study.
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Figure 1: Interplay between internal and externafivation and the teaching and learning of NOS.
Lines and arrows indicate direction of influence.
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Table 1. Participant biographical information

George Hang Hwa Robert Fang Brandy
Gender Male Female Male Female Female
Degree seeking PhD science education  PhD scienmagoh  MA science education PhD science educatioRhD science education
Home country (where Camaroon Korea Uganda China United States
educated and gained
teaching experience)
Teaching experience 7 years teaching grades5 years (4 Korea; 1 US) 8 years teaching none 8 years teaching college
6-12; Science education; community college level, level; biology,
Physical science and preservice elementary Biology and science microbiology
chemistry teachers; masters education
students; inservice
workshops

Biology: undergraduate
non-majors; preservice
elementary teachers;
inservice elementary

Education 3. Chemistn B.S. Biology B.Ed Biology B.S. Engineering B.S. Ecology
Degrees/major/minor Graduate Diploma M.S. Biology M.S. Higher Education M.S. Biology
(Curriculum & Ph.D. Botany
Teaching Studies)
M.S. Environmental

Technology
Science research None 10 years botany and  None None Mycorrhizal Fungi
experience plant taxonomy Nitrogen-fixers
Plant Ecology
Prior experience with None Brief reading within a  Part of a prior course; Part of a prior course; HPS course; read Kuhn
NOS & HPS (courses, course textbook; nothing explicit nothing explicit but book was not
reading, etc) nothing explicit analyzed from a NOS
perspective
Teaching assistantship Chemistry Biology Biology Physics Biology

(all courses are designed
for elementary education
majors)
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Appendix

Initial Reflective Narrative prompts

ONOOAWNE

9.

Describe who you are, your educational and teadbaogground.

What were your initial assumptions beliefs, thosghnd feelings about NOS?

What were your first reactions to learning about3O

What are your main experiences with NOS that starnictlearly to you?

Who were/are main people involved in your NOS eigrees?

What have been your difficulties with NOS?

What moments have been significant to you concgrNi®S learning?

What are you capable of doing now or can do diffdyeregarding NOS? [what have you
learned?]

What do you think you need to help you continuentave forward with NOS?

10.What are the implications of your experiences WS for you in terms of learning,

teaching, and research?

Final Impact Statement [guideline prepared by pnmasearcher; based on analysis of initial
narrative and group discussions]

Through metacognitive reflection, we want to ddsedevelopments in your learning about and
orientations toward NOS teaching and research. \Afg v describe key turning points
influential elements and challenges that you expeed.

1.

How do you feel you have most changed regarding yaws of NOS? How did you
understand this aspect before? How do you undergtaow? What do you feel had the most
influence on developing your understanding?

Teaching science in the undergraduate program: Wéat you been able to do regarding
NOS teaching? What aspects have been easiest?adfieatts have been most difficult? How
have students responded to NOS? How has your tepekperience impacted your views of
NOS? Views of NOS teaching?

Research experience: Describe the NOS researcveriable to conduct this past year.
Describe the impacted of this experience on yoewsiof NOS, NOS teaching, and NOS
research.

Methods course: Describe the impacted of this @arsyour views of NOS, NOS teaching,
and science teaching. What experiences do yourfiéeenced your views regarding NOS?
Describe any other experiences you have had thaeteg impacted your understanding of
NOS, NOS teaching, NOS learning, and NOS research.
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