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Abstract

Research emphasizes requirements of nature ofcecjBI©S] knowledge, pedagogical knowledge,
internalized beliefs in the importance of NOS, artdntional translation of this knowledge into
explicit/reflective classroom instruction. For sstic reform, graduate programs in science
education need to provide learning opportunitieddture educational scholars and teacher
educators that address concepts for science hteYat, a gap exists in the literature with resgect
understanding how science educators come to theirumderstanding of NOS, NOS research, and
NOS teaching. This study describes experienceis®fttience education graduate students’
learning about NOS content, pedagogy and reseamihgithe first two years of their graduate
program. We explore key turning points as they tgpexl personal orientations toward NOS. The
participants are culturally diverse, representing tlifferent countries. The change in perspectives
experienced by these students was multifacetedvitain for learning NOS shifted from

primarily external sources such as course requinésnéo internal factors relating to goals as a
science educator. Personal motivations/orientatigere especially instrumental regarding
perceived value of NOS to science learners glob@ltitical appraisals of self and learners, and
goals as future science educators appeared tdiseastial contributing factors in internalizing the
value of NOS as science content. Moreover, thederfaaided in sustaining tenacity with planning,
implementing, and reflecting on NOS teaching withoience content courses. Establishing a
consistent NOS focus throughout graduate progranesiding multiple exposures, requirements,
and supports; and building upon students’ intemnatiivations for science education are
recommended for enabling future science educabdrsiig to bear NOS literacy goals.
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It seems reasonable to say that most science tedsit@day are products of science instruction that
presented science as an objective and value-fomegs of discovering an empirical truth. Even thotlgs
position counters current perspectives on natuseiehce [NOS] (AAAS, 1993; Lederman, 2007; NRC,
2000), undergraduates (majors, nonmajors, futwehters) continue to describe science as “truthisgék
where the “scientific method” produces data in bjective way that reveals absolute answers (Abd-El-
Khalick, 2001; Hanuscin, Akerson, & Phillipson-Mow@006; Ryder, Leach, & Driver, 1999). Even some
scientists voice similar views regarding NOS (Sctieyé?004; Schwartz & Lederman, in press). Graduate
students in science education, the future schofessience teaching and learning, are producthisf t
tradition. Most graduate students who come to sei@uucation originated from K-12 teaching or soéen
research communities. They have experienced atigmeition from science teaching or science researc
toward examining science teaching and learning fiteerperspective of research and teacher education.
Science educators who teach and mentor these limgischolars need to have an understanding of their
perspectives and developments as learners. Suenstianlding is imperative to building and sustaining
systemic reform toward scientific literacy (AbelR97). As it stands, these future scholars arentapped
pool of learners when it comes to understanding thay develop conceptions of NOS and NOS teaching
(Irez, 2006). What are their motivations? Whatthgdr challenges? What experiences impact thewsief
NOS and science teaching? What experiences impeictéaching? How do they view themselves as
learners and teachers of NOS? Our graduate stualentke future leaders of science education. These
critical questions that warrant investigation. Tuerent study reports the personal stories of$tience
education graduate students. This is a reportlbfeftection, where the students assume a metatoegn
perspective to examine developments in learnireghi@g, and orientations toward NOS during their
graduate program. We characterize experientiapansbnal factors that mediate developments.

Nature of Science

Nature of science refers to the qualities and apsomns that are inherent to the products of sdienti
inquiry (i.e. scientific knowledge). The currentdy is based on generally agreed upon tenets of NOS
described in US reform documents (AAAS, 1990, 19RC, 1996) as well as international science
education efforts (McComas & Olson, 1998; Oshortred.e2003; Ryan & Aikenhead, 1992): Scientific
knowledge is (a)entative or subject to revision based on new informationew perspectiveReasons for
the inherent tentativeness of scientific knowledtggns from several other aspects including: (lBraific
knowledge has basis @mpirical evidencg(c) collection and interpretation of empiricaldance is
influenced by current scientific perspectivdsepry-ladenobservations and interpretations) as well as
personal subjectivitgue to scientists’ values, knowledge, and prigregiences, (d) scientific knowledge is
the product of humammagination and creativityand (e) scientific knowledge involves batbservation and

inference These aspects also reinforce the durability igfrgidic knowledge. The empirical nature of
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science, while this aspect underlies the tentaéigemf science, also negates an “anything goespeetive.
Scientific knowledge is founded in data which aubjsct to interpretation (necessarily a theory-+taded
socially influenced negotiation) and accepted withie community based on consistency and strerigth o
argument. It cannot be overlooked that there igdity in the strength of the empirical foundatiand
argument upon which scientific knowledge is ba3ée knowledge is tentative, yes, yet nonethelessidiel
because of these other features. Another featwsei@nftific knowledge is (f) the functional differee and
relative status betweestientific theories and law€ften associated with NOS, but reflective of thsune
of scientific inquiry, is that there is no singlayin which all scientific investigations are cootkd, e.g. (9)
there isno single scientific methothvestigations are designed based on the quegimsexd and can follow
a variety of approaches, including experimentatKs®y cause/effect relationships) or descriptiveerein
there is no direct manipulation of variables.
Literature Review

“What does/should the professional development@fstience education professorate look like?”
(Abell,1997). Sandra Abell asked this question &8rg ago as she called for our commitment to better
understand the growth and knowledge base of scieaocher educators. She also asked, “Why is it that
science educators have little to say about their omtheir graduate students’ professional devetof{
(Abell,1997). These concerns stem from the limitadyest, research focused on developing science
educators. In response to such concerns, the Adscior Science Teacher Education (ASTE, formerly
AETS) developedProfessional Knowledge Standards for Science Tedethecatorsin 1997 (AETS, 1997).
These standards apply to “Science Teacher Edugatdrs include:

« Faculty in higher education who provide course wargcience subject matter and/or science
pedagogy

« School-based mentor teachers

« Personnel in schools who provide professional agweént activities

« Personnel from agencies other than universitiesloools who provide for the professional

development of science teachers

Included among the standards is that science teadoeators should have knowledge about the
philosophy, sociology, and history of science. Theguld be articulate in current perspectives oSNO
and knowledgeable of difficulties prospective tesasthave with conceptual and pedagogical
developments. In the 10 years since the publicatidhese standards, we still know very little abou
how science educators develop as professionalsnargl, or how they develop understanding of NOS,

specifically.
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Developing Teachers’ Knowledge of NOS

Science educators have been addressing how stdehtsachers learn NOS and examining
effective means of teaching NOS. Implicit approactie not as successful as explicit approacheadiimga
learners’ NOS conceptual development (Abd-El-KhasicL ederman, 2000). Contexts that provide inquiry
experiences and guide reflectionthose experiences are influential to NOS learBignchini & Colburn,
2000; Lederman, 2007; Schwartz, Lederman, & Cradyf@004). Studies of pedagogical content knowledge
[PCK] for NOS and factors associated with teachapdities to teach NOS are among current research
agendas (Abd-El-Khalick & Lederman, 2000; Barthobsm Osborne, & Ratcliffe, 2004; Schwartz &
Lederman, 2002). Extant research exploring meae$feétive teaching about NOS consistently empleasiz
requirements of NOS knowledge, pedagogical knovdeddernalized beliefs in the importance of NOg] a
intentional translation of this knowledge into agjpireflective classroom instruction (Akerson & édil-
Khalick, 2003; Bartholomew et al., 2004; KhishfeAfd-El-Khkalick, 2002; Lederman, 2007; Schwartz &
Lederman, 2002). Further, there may be associaltietveeen teachers’ views of NOS and views of s@enc
teaching and learning (Tsai, 2002). Science edusatnduct much of this research targeting K-16tees
and learners of science. They not only need to kagw/ledge within the same domains as K-16 teadbers
effectively teach NOS, they also have the addedireaent of developing knowledge of how to teach
teachers concepts of NOS and NOS teaching. What\W&& do science teacher educators’ hold? How do
their views develop?

Irez (2006) examined NOS views of 15 Turkish preserscience teacher educators. Through
analysis of interviews and cognitive maps, Irezdetned that the future science teacher educasbds h
inadequate conceptions, especially relative tansifie method and the tentativeness of scientiiowledge.
Twelve of the 15 agreed that there was a singleeusal, scientific method. Sixty percent reported
absolutist views of science, seeing “scientificdaas the final form of scientific knowledge repreasey
truth and, therefore, not subject to change” (18006, p. 1127). The author reported a lack of ipres/
interest in and reflection about NOS as contrilutmthe participants’ views. The content-basedrsms
curriculum may be a contributing factor. “As th@gucts of such an education, it is not surprisivag these
participants were left with a range of misconceamior naive beliefs about NOS” (p. 1137). Irez estg)
that such inadequate conceptions could be detrahentpractical (classroom) and policy levels (scee
teacher education programs).

Volkmann and Zgagacz (2004) investigated the legreikperiences of a graduate student as she
taught an undergraduate inquiry-based physics eoBssutilizing orientation and identity frameworkkey
determined that NOS beliefs may relate to teacbi@ntations. Change in teacher identity and tewghi

orientation requires reflection on views and petiThe authors pose several recommendationsiéarcsc
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education programs, including consistency with gybng inquiry orientations and course work in taagh
and learning of NOS.

Consistency and multiple experiences that reinfOlOS and challenge learners to reflect on
personal NOS views and practices are recommendgadmoting and internalizing NOS views of K-12
preservice science teachers (e.g. Akerson etQl§;2 ederman, Schwartz, Abd-El-Khalick, & Bell,®0
Schwartz & Lederman, 2002). In a study of preserelementary teachers, Akerson et al. (2006) exaanin
retention of NOS views 5 months after a sciencehoe course that emphasized explicit/reflective NOS
They found that despite enhanced views immediatiédy the methods course, several had revertedtback
their more naive NOS views. Akerson et al. sugpessible strategies to improve conceptual developme
including use of metacognitive strategies and ptsrtgpcontextualize their views within classroom
activities. Indeed prior research demonstrategtieetiveness of aiding teachers’ NOS views andtisi to
teach NOS by offering examples of content-embedit@8 instruction and support with implementation
(Akerson & Abd-El-Khalick, 2003; Hanuscin et alQdb; Lederman et al., 2001).

Purpose of the Study

Given the needs of science teacher educators &ad tiie requirements for effective learning and
teaching of NOS, there is a need to explore hoense education programs affect future science ¢olgta
views of NOS and factors that influence their dieii to translate their views into teaching practod
decisions regarding curriculum development. Wigpeet to five graduate students in science edutgahe
research questions are:

1. How do their NOS views change during their gradpabgram?

2. How do their NOS teaching practices change duheg graduate program?

3. What experiences and factors are attributed tog#anviews and practices?

4. What experiences and factors are considered mtdethange in views and practices?

Methods

We drew from multiple case study and self studgpectives to explore personal developments that
would inform our research questions. Case studesseful to closely examine an event or prograrnn o
look at the responses of multiple individuals. dldiéion, this research is conducted when a caséean
bounded either by time or by place, but more inguty the case must lend information on a currently
existing problem (Creswell et al., 2007). This gatar research is framed within required program
experiences of five graduate students to explovefature science educators respond to and use NOS
concepts.

This research is self-study, in that five of thee@rchers are also the participants, studying tivair
developments in learning and teaching over timeoldh self reflections, the group explored personal

experiences, personal developments, and persodiefsb&elf-study allows the researcher to admispeal
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interest in a particular phenomenon, while allowfioigpersonal intellectual and professional growftthe
researcher (Bullough Jr. & Pinnegar, 2001). Thenpry researcher, not a participant, served to dinele
reflections and data analysis.

We also adopted a constructivist, interpretive rapph. By exploring and describing science
education graduate students’ experiences vis-thgitearning and teaching of NOS, the study aims at
making “meaning within a natural setting” (Williams et. al, 2002). Darke et al (1998) states that th
interpretive approach is based on the “ontologwfich reality is subjective, a social product consted
and interpreted by humans as social actors acaptditheir beliefs and value systems.”

Participants

The participant-researchers are five graduate stade science education (Table 1). Four of the fiv
were working toward a Ph.D. in Science Educatiahthe fifth was working toward a Master’s Degree in
Science Education and has since begun doctoral Winken the study began, three were in their fiestryin
their respective programs and two were in theiosdg/ear. Four students had previous teaching exmer
at the middle school, high school or undergradsaitence. All five have a Bachelor's degree in arsoé
area; four hold Master’s degrees, and one a PhB gfdup is culturally diverse, with each origingtend
being educated in a different country. Only onearigly, said she had heard of NOS prior to the bagjnof
the study. All are supported through teaching testiships in the undergraduate science courses for
elementary education majors.

Context of the study

The science education graduate program is houdathva science education institute, within the
College of Arts and Sciences at a large Midwest@iersity. The institute has 10 faculty memberd an
approximately 15 full-time graduate students ahlibe master’'s and doctoral levels. Courses, relseand
teaching experiences provided the context for tindys

The study began with all five students (particip@searchers) enrolled in a Research Traditions
Course which focused on NOS. The primary reseaidinstr author) was the instructor of the coursee T
following semester, we (primary researcher and iadicipant-researchers) formed a NOS researalpgro
to meet and discuss activities related to NOS rebeand teaching. All five students were then dadain a
second course taught by the primary researches. Wé$ a teaching methods course which extolledsbe
of NOS and inquiry in science instruction at thege level. After the completion of this coursar NOS
research group met periodically for several motdhdiscuss progress on current and past resean{gcty.
In addition, all of the students taught undergraeleaurses in their preferred discipline duringehére
span of this project. Each of these elements isritei more fully below, in chronological order.i$h

project spanned approximately 20 months. The ppatid-researchers drew on their experiences frowf al
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their coursework, discussions and teaching expegeto develop reflection statements as well gsiite
group discussions.

The Research Traditions Course

In the fall of 2005, the topic of the Research Twads course was “Perspectives and practices of
research in Nature of Science.” The course wadtauga faculty member with experience in NOS resea
and teaching (primary researcher). The class rheugs a week for 15 weeks. This course focusedtat w
NOS is, what and how research on views of NOS kas lobonducted, current issues in NOS research, and
future directions for NOS research. The goals efdburse included that students will (1) gain krexigle
and experience with past and current NOS assessmesearch practices, and teaching practices, (2)
conduct a literature review, and (3) prepare aareseproposal for investigating NOS views and/ackéng.
The beginning of the semester focused on develamingeptions of NOS by engaging in numerous NOS
activities, discussions, personal and group raflast Students initial NOS views were elicited tigb the
VNOS-C survey (Lederman et al., 2002). Instructimodeled an explicit/reflective approach to teachINO
Group activities such as “the tube,” “tricky tragk%pattern cubes,” and “fossil fragments” (Ledemmg&
Abd-El-Khalick, 1998) and “mystery bones” (Lederm&@aih.ederman, 2005), readings from philosophy of
science (e.g. Thomas Kuhn) and science educationplete reading list available upon request) furthe
introduced NOS aspects and prompted reflectivaudgons. Through discussions, students were asked t
compare their initial views, captured through tHe¢QS questionnaire (Lederman et al., 2002), witls¢ho
presented through the course. Various writing assents required them to discuss their NOS vievesysi
of the place of NOS within science teaching, arattiens to readings. The next segments of the eours
focused on traditions of NOS assessments, reseasichiques, and the progression of research in NOS
teaching and learning. Assignments included regsdamd reflective writings about philosophy of acie
and science education literature, observationef®dins of science teaching, observations/reflastimf
science research, interviews with college scienseuctors and scientists, analysis of various NOS
assessments, analysis of sample VNOS written d@adziaw responses, and preparation/presentatian of
NOS research proposal. Throughout the course vebdigtussions about how views have been challenged,
why, and the impact on views and practice of s@draching.

NOS Research Meetings |

In the spring of 2006, the five participants angl s$ame professor formed a NOS research group in
order to continue their conversations and condadbus NOS-related research projects designedeby th
students. This group met several times over theestmand summer to discuss research progress, gadl
findings. Four of the five students conducted tipeaposed study during a qualitative practicum seuhe
spring 2006 semester, taught through a differepadment. George decided not to pursue his original

proposed study at that time, realizing the diffigulith finding participants who teach both NOS dnistory
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of science. Three have completed their studies.@@esented her study at a conference (Hong, Schvart
Holms, 2006).

It was during the course of these meetings thadeetded to explore more deeply how the graduate
students’ learning and teaching of NOS were dewe¢p he group met several times over the next six
months. The data collected from these meetingsidlec! a personal statement written by each partitipa
that described their learning experiences and patgourneys since the beginning of the NOS researc
course. We met as a group to review all the stat&srand begin to identify themes.

The College Science Methods Course

In the fall of 2006, the five students took a melhoourse for college science teaching, taught by
the same faculty member. There were 11 studerakitothe course, all graduate students in science
education. The course met for three hours, onceekfior 15 weeks. The course emphasized “active
learning” and teaching of NOS within all sciencediflines, and within a variety of instructionalgégies
and contexts (e.g. large lecture, discussion, kboy, inductive, and deductive approaches). These
included model lessons, readings, reflective wgiirand discussions targeting explicit/reflectiv@N
pedagogy embedded within science content coursggel®s conducted classroom observations and
interviews of university faculty, aiming to eluctdaenacted and perceived objectives, including NIb®8y
were asked to describe the image of science pedraythe observed classes and expressed by the
instructors, the demonstrated roles of the insbrgcind learners, and how these align with constisic
perspectives and current views of NOS. Self (thhouideo-taping) and peer observations of teachirthe
undergraduate science courses also enabled foatteation on NOS, in addition to other teaching and
learning factors of interest to the students (@@nagement, questioning strategies, levels of iggetc.).
Students designed a syllabus and full unit lessamsgdor an introductory undergraduate sciencessgur
where they were required to include goals and dbgsfor NOS, explicit/reflective NOS instructicand
NOS assessments. Students were required to inklO&:objectives within their model lesson plans&gor
lecture and a laboratory session. They were atpginedl to design and present an inquiry-based tetbed
targeted NOS aspects tied with other science cork@owledge of college students as learners, &fpic
misconceptions about NOS and other science comeals of reform in science education, and the gble
college science instructors were emphasized thiautghe course.

NOS Research Meetings |l

The research group met several more times ovareakiefour months to further discuss NOS views,

teaching practices, facilitators and barriers. pasicipant researchers wrote final impact statematich
outlined their total experiences with teaching l@tning NOS. The guideline for this was developgdll

group members. We met to analyze and discussnhkifipact statements. This meeting was recorded
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through video-tape and notes. This session wagmgsias a roundtable discussion in which the pysimar
researcher asked questions to clarify data obtdimoetall previous sources.

Data Sources and Analysis

We examined the phenomenon (learning about NOS) Wwihin the real life context (the daily
experiences of the graduate students in the progpéim 1994). Data collection spanned nearly 2hthe
and data analysis proceeded in an iterative fasBiata sources comprised their initial VNOS survey,
reflective writings (narratives and written impatatements), field notes from discussions and mggtand
a videotaped group discussion. Data were analyredgh a constant comparative method, in that tkeme
emerged from initial data sources and comparisafisements, and additions were made as necessary
throughout the study.

As a result of the NOS research meetings duringainemer of 2006, the group decided they needed
written descriptions of their personal experieraea reflections from the year that related to thedwth in
understanding, teaching, and research on NOS. Tip®ge was to identify themes from these expergnce
and how they might affect NOS learning as wellresftiture teaching and research endeavors of the
graduate students. One of the participants desigrgddeline for the narratives which served asdisg
point for generating and organizing the reflecti¢igpendix). The guidelines include providing baakegnd
information about education and work experiencéialrperspectives on NOS, significant events in
understanding NOS, future expectations of using N€D8 problems encountered in both learning and
applying NOS. None of the participants read or seldiany of the others on their writing to ensuss il
responses were accurate individual assessmengglofparticipant’s experiences. These narratives wer
analyzed inductively (Bogdin & Biklin, 1990) to id&fy themes among experiences and perspectives. In
addition, we sought to distinguish differences agthre five narratives that can be attributed tcpeal
factors such as different cultural influences. Dasa include responses to the VNOS questionniaate t
participants provided during their first week oé fimitial course. These responses provide desonijuti
initial views and were compared to participants’geéved initial views as reported in their narragvGiven
the nature of the discussions and course assigsmewas not informative to request post-VNOS oeses.
The students had become familiar with typical “ediand “informed” responses (Lederman et al., 2002)
from reading and discussing literature and praaia/NOS analysis.

During meetings of the NOS research group, disonsdiocused on experiences, challenges,
successes, and perceived developments in NOS wiegvpractices. The first author documented these
discussions through field notes. Notable experignciganges, and rationales were recorded. Expesenrd
influences from the methods course were included‘imritten impact statement” (Appendix). The impac
statements provided a comprehensive reflectioreaming experiences and personal developments

throughout the year. Each participant reviewedhallstatements and provided initial analysis tofifie
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common themes represented by the group. We thdrahgrioup discussion to share analyses, review the
reflections, and gain consensus on themes frordatee The “trustworthiness of inferences drawn ftbm
data” was ensured through the self-study and refeecomparisons (Eisenhart & Howe, 1992). The firs
author then reviewed all data again for confirmamgl disconfirming instances, further reducing dtetiag
the categories as needed to describe types ofierpes and personal factors that represent the:gied

students’ learning of NOS. All participants prowideview and final consensus.

Results

The results are presented first through summatleofiraduate students personal narratives and
impact statements that describe reactions andiigints as they learned NOS. The summaries give a
indication of the unique perspectives each gradstatdent associates with NOS. They also show hbw al
five students went down a common path, leading fcomfusion to enlightenment regarding their
understanding and application of NOS. Yet, theeedistinct differences in orientations and motivas.
Second, initial NOS views and changes in viewssaremarized. Next, we describe NOS teaching attempts
and challenges. Finally, we present themes tharitbesfactors influencing views and practices. Stants

of personal voice are representative of reflectanmd intend to inform the reader of our inferences.

Personal Reflections: Perspectives and Impacts

Brandy
Before taking the course on NOS research, | wadriited and confused by my past experiences in

science. Most of my coursework and teaching had beBiology. | had always been taught that sciaece
important and absolutely fundamental in educatievas given the impression that it deserved a ptdce
prominence when compared to other subjects. Howeweexperiences in the [research] labs and the
classroom led me to believe that science was arbiemd subjective. | had a difficult time tryingjtstify
this and was becoming frustrated with science mega. | was also finding it difficult to be conédt in
teaching the subject because | was losing int@restAfter taking the nature of science coursedlized
that subjectivity, creativity and tentativenessagart of science. However, | no longer feel thiduces
science’s credibility, because | no longer seeme@es being more important than other subjeetasl|
holding science to a different, and inappropriatandard than other types of study. This new ratiia
[from the NOS research course] allowed me to jystif interest in it, has given me a new confidetoce
teach science. | feel I now truly understand whanlteaching and | can discern appropriate sitngiio
which science should be emphasized.....I tend toertnate on the areas of law and theory, espeaidign
discussing evolution. | also incorporate tentatessnand social/cultural aspects into lecturesndfteough
the use of historical perspectives on the topicdend to miss opportunities to discuss creativitiyich |
could incorporate into small group modeling aci@gtl do. | also tend to avoid the idea of emplrica
knowledge, because | have a difficult time distising it from objectivity (versus subjectivity, vah |
often incorporate into discussion on social/cultamntexts). The roadblocks | have in teaching NO®e
students | am teaching, as well as other facuttydé&hts get frustrated when asked to learn in \ilags have
never learned before [use of inquiry]. They haared that science is something different from vizsah
teaching them.[Note: Brandy has incorporated explicit/reflectN®S instruction into an undergraduate
biology course for elementary education majorsguitide supervision of the primary researcher. $ise h
collected pre/post data on student learning of NQxa analysis is pending.]

10
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Fang
As Chinese, we are growing up in an environmerittttdominant dogma is materialism... In our

mind, science represents truth, equality, and aghéew of us ever questioned the rules, theoryhe law
of theory we learned. | first heard about NOS mtbsearch course. My feeling was like walking imaze,
having not even a little clue, which is very uncontble. It was hard to change and accept an almost
opposite view. | did not get the idea of NOS uatier experiencing formal instruction, authenticetvation
and group discussion for about two months. It wgsadlual process, from doubting and unbelieving, to
confusing, and understanding and believing findlfelt shocked since the perceptions of scienathlve
been rooted in my mind for over twenty years sutidead to change. The most effective experiences we
the hands-on NOS activities and minds-on quesfiams the class. Discussions made me clarify angeiee
my personal understanding. | think this is a criug#at for people to understand NOS. The other @agive
experience was observing a science Ph.D studeotd describe aspects of NOS in his work. Howeastr,
a teacher, | still feel difficult to put NOS in nfgcture. What is the good topic and what is thedgmoe to
insert NOS are two big problems for me. After sumg@06, | took the college methods course and peepa
for the comprehensive examination about NOS. [Tleaperiences (reading of more research, practical
application through lesson planning)] helped meettgv deeper understanding of NOS, and made me to
understand how to design a NOS lesson within seienatext and how to teach. To speak in detail beyo
what is the meaning of NOS and how to assess gegfdsv of NOS that taught before, both the method
course and preparation of comps broadened my kagelef NOS. Comparing what | learned before which
is more theoretical, these knowledge helped mézeetile value, the meaning, and the usage of NOS
research. In other word, these knowledge made maderstand the importance of NOS, which actually
improved my motivation in learning NOS. The methadurse facilitated me to teach NOS in science
context. Understanding NOS does not mean beingtaltéach it. | have the same problem as many &ach
described in many researches. | was able to talesits what the meaning of NOS, for example what th
subjectivity of science means. But | can only epibwith very limited sentences that learned frtira
articles. I felt that my lecture of NOS would beweabstract and boring. So at that time, | did mete
enough courage and belief to teach NOS. The mettmase provided some good examples of teaching
NOS in science context, which make me to get familiith this type of class and get a sense of lwigdch
NOS in a science context. The assignment of NO&hieg plan in this course has the direct effecimyn
view of NOS teaching. Under the pressure of thegasent, | started to think seriously how to desagn
class. It took me some time and efforts on seagchiaterials, examples discussing with colleaguessit b
was really a very good experience. After some ok, some ideas came up. | started to understdmaey
to put NOS in the science context and how to irttsgboth NOS and subject knowledge to teach. This
experience not only helped me learn how to teacls Nt also improved my confidence in NOS teaching.

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

me to learn and to think about NOS. At that timéidin’t realize that to know the knowledge of NGiulcl
help me to understand and to expand my ideas fence. Now, I'm sure that NOS will help pupils te b
interested to do science. | first thought that NS very easy and common for scientists. Howevieenw
got a question about “What is the NOS?” | couldmiswer it quickly. The main experiences that impact
my knowledge were realizing my uncertain ideadN@S, having an expert who could check my ideas for
NOS, and then trying to teach NOS to inservice @egervice teachers. As | prepared to teach a mgtho
course in my country [during the summer], | revievlee NOS materials and publications. | discussiéd w
the students about NOS. The aspects of NOS bedaarecto me. Teaching experience gave me an
assurance to teach NOS explicitly. The studentsatefd that if NOS is taught explicitly, their plgpcould
feel that science is very interesting instead ofrigp | now have many ideas for research in science
education. | conducted a research study of Koreesepvice elementary teachers’ NOS views. Condgictin
the interviews and analyzing the data impacted @®sNiews. | had to reread the NOS articles bechuse
want to get clearer framework for research analysgishat moment, | could find more information fino
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references. I'm pretty sure that information alsetteere when | read it, however, | just ignore sqromts
because | didn't realize that those informatioewery each line are important for my researchstbpped

in there to think about NOS aspect after the [IN€IS research] course, | might stop to keep diffeveews

of NOS and probably back to chaos about asped¥Od. Teaching is a good chance to think more deeply
about aspects of NOS since it was a challengeytaszects of NOS explicitly and research procedaiiss
helped me as a kind of beginner of informed vieWofS. [Note: Hang Hwa has incorporated
explicit/reflective NOS instruction into an undeaduate biology course for elementary education ragjo
under the supervision of the primary researchee. I8t collected pre/post data on student leardingdS.
Data analysis is pending.]

George
Coming from Anglophone Cameroon where is a traditibdiscipline-specific science teaching and

learning, | went through many ‘missed opportunitiesny struggle to understand what science reaally
knew science as a compartmentalized body of untéibpifacts which was done by following a rigid skt
procedures. There is the unavoidable reliance xthdeks which are like bibles. From this perspaxtiv
does not matter if students understand how sciektibwledge is developed. What is important is imgk
the grades and going out to get a job. Later aseace teacher and trainer the cycle was to coatiNOS
eluded me till twenty-five years after my formaiti&tion into science. With my enrolment into a dwate
program in science education and taking a NOS relse&aurse my perspective of science and science
education was to be dramatically overhauled. At firdid not make much sense to me. It was omgugh
careful reflection that | could come to terms withs stuff known as NOS’. | do not only see scemow
as this body of knowledge and processes which stadave to know so as to pass exams, but alswayg a
of knowing. At this moment | cannot stop wonderihGameroonian students are actually becoming
scientifically literate and what effect this hastba society. This leaves me thinking about whatlmadone
in bringing about a change in the teaching andhlagrof science in Cameroon.

Through subsequent courses | have been able totpyiractice some of the ideas | learned in the
research course. Two courses involving learningrie and college science teaching have helpedchames
my ideas and use of NOS. During these courses kizame been opportunities to incorporate aspediis
in the learning process, most significant of whigre the creating of lesson plans and presentimgjarb-
lessons. This helped me face and overcome thesclgals involved in understanding and teaching NOS. |
had to re-read some writings on NOS in order t@ery use them. Through use of NOS | became more
confident and motivated to incorporate NOS in nacténg. | am able to freely include and discussyman
aspects of NOS during my lessons. A very importigtovery for me has been the use of history in the
teaching of NOS. | feel my teaching has improvechlise | am able to explain certain issues in seiémc
my students in more appropriate and convincing reanrstill struggle a bit with explaining aspestgh as
the distinction between theories and laws to thdestts. The engrained nature of their earlier vimakes it
more challenging for me. This hasn't been fregwétration for me. My greatest frustration has bieaving
some students still asking for “right answers” nght procedures.” However, | think | am expectaast
change when it was not that easy for me to undetstame of the aspects of NOS. This consoles me and
teaches me to be persistent but gentle in guidindesits to an appreciation of NOS. | am learningenamd
more about NOS as time goes by.

Robert

Since my primary education | had been told thagrsm establishes facts that are very close to the
truth and if science says, itis so. | had beethdold | had learned that science made such gregitgss and
advancement because of its tested and provenificiemtthod. These were my thoughts coming into the
graduate program. Funny, but at the end of thedession of the NOS research course, | was iratleni
Letting go of the scientific method was a very gr@ablem for me until | internalized the role diegy
plays in science. It was new to me to know thatalaee values and norms that govern science and its
products. Something that gave me confidence tacagedreely with the body of knowledge called scie
for my life is really the value laden NOS. It wagraat relief for me to know that there are sociddural
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values carried with every scientific endeavor. Treilization gave me a boost of self esteem far thaew
that African science can be accepted as a contibtd the global scientific movement. Remembeairhe
into the [NOS research] class knowing that the gllglaccepted science is western science. The class
activities like the Mystery tube, the foot pringg¢., and the group discussions played a greatrrdielping
me learrmabout science instead of science. Right now | can trvaluate scientific statements; | can
participate comfortably in science related debd¥sconfidence to voice out my scientific opinicmas
greatly improved and my science teaching has greagroved. Now | can teach through inquiry with a
little bit more confidence than before. Even willhtlais long strides into the better understandibgut
science, I've needed help especially in the pedagbgontent knowledge (PCK ) area to enable mettea
NOS with confidence. The college science methodsseogreatly helped me acquire the PCK to teach.NOS
The methods course helped me acquire the strabadentify the learner’'s misconception and comenith
an activity that will help that learner drop theanception. Moreover, take on the accepted scientif
conception. The different peer teaching presentatitom various scientific disciplines helped médigioup
and internalize further NOS. | also studied therameenon of teaching NOS in the middle school. hedi
great insights into the NOS views of middle scheakhers. | also come to appreciate that the teadoe
not differentiate clearly about teaching by inquand teaching NOS. This makes them unable to plan t
teach NOS; those who try, they do it implicitly.

My view of science as a conscious human activityltegen greatly strengthened. | have with greater
confidence to discuss and explore other opiniormass. | found out that the tentativeness, engiric
observation vs. inference, creativity and subjectispects of NOS are easy to embed in my teaching
material. At least | plan with fair ease to incarge any of these in my lessons. The social culamatext
and functional relationships of theory and law hbgen the hardest to embed in my teaching material.

Changes in NOS Views

The VNOS-C and initial discussions elicited conta of eight NOS aspects (tentativeness,
subjectivity, creativity, empirical NOS, differenbetween observation and inference, difference éetw
theory and law, sociocultural embeddedness of seianultiple scientific methods). All of the gradeia
students began with fairly positivist perspectigédlOS. Four of the five reported being comfortalléth
the ideas that science is objective, authoritativel value-free. Three of the five reported thatdhs a
single scientific method. The two who consideredtiple investigative approaches (Brandy and HangaHw
were the only two to also initially describe théerof creativity in development of scientific knauge.
Only one, Brandy, viewed scientific knowledge dseirently tentative. Overall Brandy held views more
aligned with current NOS perspectives than thersthder VNOS responses indicated consistency with
current views on seven of the eight aspects examifige others held aligned views for one to thisgeeats.
Robert was the only one to describe a functiorféérdince between theories and laws, although he sti
thought scientific knowledge could be absoluteh@lgh unlikely) and objective.

The participants indicated dramatic positive shiittheir conceptual understanding and affective
commitments to NOS. Rather than devote our attemtiadhis paper to the nature of the advancements i
NOS conceptual understanding, we focus our resualisfluential factors associated with change him t
summaries of personal reflections, the graduattesis describe their advances and personal reémons

their views. We discuss these features later mighper.
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Teaching NOS in Undergraduate Science Courses

Teaching Attempts

All five reported success, to different degreesnaorporating explicit/reflective NOS into their
undergraduate science courses. Brandy and Hangténeaumder the supervision of the primary researcher
in their planning and teaching for their biologgsses. NOS was already embedded through objectives,
instruction, and assessments. Nonetheless, theledd¢e negotiate for themselves how best to address
relevant NOS aspects within the biology contenbi@e, Robert, and Fang had more independence with
their NOS teaching choices. Review of videotapedheg sessions, a requirement for the method,class
supported self-reports of NOS teaching. Most comM@$ aspects addressed were tentativeness,
subjectivity, observation and inference, and midtgzientific methods. For all five, finding apprigte
contexts to distinguishing between theory and lad/t@aching about the social and cultural NOS weoee
difficult.

George embraced the use of history of sciencddoeas NOS topics in his chemistry class. For
example, he used historical models of atomic stinecto discuss social/cultural influences, tenttiass,
and observation/inference. George would ask stgdennake connections from examples and NOS. As the
semester progressed, he reports increased condidecinsight into how to utilize historical exaemplto
teach NOS. “l incorporate NOS with everything now.”

Robert, HangHwa, and Brandy utilized group disituso raise NOS connections within science
contexts. Through questioning strategies, they ditnehallenge students to think about how clatisites
and investigations represent specific aspects d Nbbert has embraced the essence of creativdty an
social/cultural influences. He wants his studeatkriow that their ideas are important and thatysves can
be successful with science. His prior view of teaglscience as factual, through methodical proces]us
gone. Nonetheless, there were challenges with mmgihéing this new perspective.

Challenges with Teaching NOS

Challenges spanned from curricular restrictionfeéings of low efficacy in abilities to teach NOS.

All the participants recognized the need for infedmNOS views as well as multiple examples that mesh
with the science content of their courses. Althotigdy report having better understanding of NO&chieng
was another matter, at least initially. Within tiredergraduate science courses offered for elementar
education majors, challenges stemmed from not geminnections with the science content, not explici
planning to teach NOS, and having to maintain ctestcy with the other sections of the course. The
undergraduate courses have multiple sections, tdwygbther graduate students and faculty. The tagch
teams for respective undergraduate science coonmsesweekly to discuss upcoming lessons. With the
exception of Brandy and HangHwa, the participagported that these meetings either never did,sdli

sporadically; attend to embedding NOS within thec#ffic content or context. The external constraingse
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considered barriers, but only to an extent. Intemmativations for teaching NOS needed to be redlittow
important is NOS to my students? We discuss beldereal and internal factors influencing successful
teaching practice as they relate to conceptual kedye, efficacy, and pedagogical content knowledge.

Factors Influencing NOS Conceptual Knowledge aratfre

We present themes that describe the perceivecetfll factors on developing NOS conceptions
and teaching practices. Themes emerged from revieal the data, which were self reports from the
participant researchers. We provide representgtia¢es to support inferences. Many of the quotesiso
presented within the individual summary statemabtsve.

Initial Reactions to and Rationales about NOS Views

The novelty of NOS

None of the graduate students had every considd@iin an explicit manner. The NOS concept

was novel, and this surprised them, especiallyrgitieir science backgrounds. Although Brandy héukera
informed conceptions of NOS, she, like all the attreally had not heard of NOS before the reseamahse.

“I had no idea what [NOS] was or why anyone woudgtdnstudied it. | assumed it [NOS research
course] was going to be a discussion about eatttedbur major science disciplines. When [ finally
did realize that NOS was simply about science imega and what it is, | was relatively taken aback.
It has never occurred to me that someone coulde@sfiience...” [Brandy, initial narrative]

“It was a gradual process, from doubting and umtveig, to confusing, and understanding and
believing finally. | felt shocked since the perdeps of science that have been rooted in my mind fo
over twenty years suddenly had to change.” [Faritiai narrative]

“Since my primary education | had been told thatrsme establishes facts that are very close to the
truth and if science says, itis so. | had beeth&old | had learned that science made such great
progress and advancement because of its testquteweh 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.”[Robert, initiatrative]

Impact of prior science learning and teaching eepees: Awareness of the disconnect between

how science was taught and NOS

As depicted in Robert’s quote above, prior scideaening and teaching experiences, that presented
science as objective, truthful, and value-free, e@ssidered a major impact on initial views.

“I was always taught science in this [absolute] way that is how | always thought science is.”
[George, initial narrative]

“l am a scientist and also a science teacher ediucafNOS research course] was the first time for
me to learn and to think about the NOS.” [HangHivdial narrative]

“The NOS was foreign to me, even as a graduatestutiwas taught that one thing that has made
science very successful is the scientific methdahelw that this method was universal, there by
making science universal...| knew that science wag @bjective and free of values. | had this mind
set that there is only one science through outuddlires and it was not a social construct at all.
Science was there and men and women just discoit€rfiRlobert, final narrative]
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Impact of culture on initial views of NOS and saierteaching

All five participants were raised and educated tifferent country (Table 1). In discussions about
prior experiences and embedded perspectives atieatcs, participants’ cultural origins and worldvie
provided rationale.

“As Chinese, we are growing up in an environmeat the dominant dogma is materialism. From
elementary school, we have been taught that teare divinity or supernatural beings, all the
legends are fictive, all that we can believe istthe and absolute material world. Subsequently, in
terms of science, we trust it, and respect sciesrdis well since in our mind. We believe withowy an
doubts that scientists strictly follow well-desigihgrocedure. In our mind, science represents truth,
equality, and authority. Few of us ever questiaiedrules, theory, or the law of theory we learhed.
[Fang, initial narrative]

“I came into the [NOS research] class knowing thatglobally accepted science is western
science.” [Robert, impact statement]

What Experiences and Factors Attributed to Changédews and Practices?

From the reflections on experience and rationalegiécisions, we have identified external and
internal (personal) factors that were influentialéarning of NOS. External factors relate to paogmatic
components (things graduate students have toreynkl factors relate to personal motivationstimes
the effects of the factors are indistinguishabdeinéernal motivations (mastery or performance)taggered
through external pressures of course assignmemtexémple. Motivations to succeed, for example,
manifest through external impulses. The followiagegories represent the reported influential festof
student experience, but the effects of any oneldhmt be considered in isolation.

What experiences had a positive impact?

The group addressed this question multiple timesutghout the study. As new experiences arose,
they reflected on the impact as well as reconstlenpacts of earlier experiences. Programmatic
components including the two courses (NOS ReseardiCollege Science Methods), teaching experiences,
NOS research projects, and group support were texpti be main influences. Elements within these
components that served as triggers for NOS devedapsrare discussed here.

Graduate Courses

Both the NOS Research course and the College ScMethods course were considered influential
on views of NOS, views of NOS teaching, and aletitio teach NOS. This finding is certainly not gosge,
given the focus of the courses. The more interggtiaments are the graduate students’ descriptions
learning components within and across the coulsddhey feel challenged them to consider persifxs
views as well as views of science teaching andiegr These elements include consistency of NOS
message; opportunity/requirement to formalize N@$/s, opportunities to evaluate NOS views relatore

others’, to readings, and to activities; requiret@planning NOS objectives and instruction irstas

16



Case studies of learning NOS
AERA, New York, March 24-28, 2008.
plans; requirement of including NOS in lesson pnésgons; feedback from faculty and peers; obsemat
and interviews of college science teaching/teachegaiirement of reflective discussions and wriinghese
elements were present within one or both courspsreenced by the group.

NOS Research Course

The group reported that the NOS research couide pasitive impact with respect to enhancing
their conceptual understanding of NOS, and raiseteness of NOS teaching issues. The degree of
enhancement varied, but all report profound endighitent regarding awareness of NOS and awareness of
the importance of NOS to science teaching. Roleyab the course with beliefs in science as obeetnd
product of a single scientific method. He descrihissconceptual change from the course:

“After my experience in the [NOS research coursg],conception of what science is and what it is
not changed completely. The knowledge | got ouhefcourse took me to a completely different
way of examining scientific claims. | came to ursland and appreciate that scientific knowledge is
tentative and there was never a mighty scientifithod. | learned to appreciate that prior
knowledge plays a big role in the observationsrdigsts make. This makes science subjective and
debatable.” [Robert, final impact statement]

Influential factors from the course includB®S activities, group discussions, teaching
observations, readings, and reflectioiifie simple, non-threatening NOS activities thaiduced the
concepts were thought to be an important introdadthat provided common experience to base dismussi
about the more philosophical issues and persomatacersies. Observing and reflecting on collegersme
teaching (assigned activities for the course) thisgareness of how science is typically preserded a
misaligned with NOS. These experiences also providatext for group discussion.

“I really began to understand what was meant by M@&n we conducted observations of
classroom teaching. | observed a course that fdraterly taught and felt constrained by the ideas
of right and wrong answers or methodology. It wasugh this observation and subsequent
interview with the instructor that | realized tlve¢ are told by others that science is strict ahd a
knowing, but we understand within ourselves that itot...the conflict is there, not just in me, but
in others and that conflict needs to be resolvi@tdndy, initial narrative]

College Science Methods Course

The methods course provided opportunity to furtteersider NOS as integral to learning objectives.
The group reported that the course advanced NO&ptual understanding and had great impact on
understanding of NOS teaching. The class sessighgded discussions of common misconceptions about
NOS, facilitated by review of the research; andsauksion of the graduate students’ progressions in
learning NOS since the beginning of the NOS re$eeoarse. Instruction modeled integration of NOS
within science content and within various instropdl strategies, including lecture, discussion, and
laboratory techniques. Students were required¥eldp a course syllabus and unit lesson plans (dseth
of at least five instructional sessions). They weiired to include explicit NOS objectives, instion,

and assessments.
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Lesson presentations.Instruction embedding explicit NOS and sciencei@oiwas modeled

during the course. These lessons were accompayiedibnale and discussion of strategies for celleg
science teaching. Discussion also focused on ho® d€ues were attended in an explicit manner. &tade
then developed and presented an inquiry-basediéisabincluded explicit NOS elements. Through
presentation and discussion of these lessons,rdtudere exposed to a variety of strategies antextnfor
NOS teaching.

“A big impact was the methods course. From the M&®arch course, | had memorized aspects
without real understanding or application; The rodthcourse required application and had more
NOS activities and examples that helped clarifyrfigr. | found it difficult to make connections with
physics context, but lesson planning and feedbalpeld. Easiest for me was observation and
inference and tentativeness.”[Fang, final discugsio

Lesson plannind.esson planning was valued for demanding clear N@d&rstanding, and also for

pushing students to explicitly construct relevarjeotives and instruction. The students realized ithorder
to teach NOS, they must have a good understandiwgat NOS is. Thus, the lesson planning process
challenged them to match their NOS ideas with thenge content. They also came to realize that
understanding NOS, although necessary, is inseffidio effectively and consistently incorporate N8
science teaching. Through the requirement of leptanming, the students reported an increase ireadithg
NOS in their science teaching.

“During these courses there have been opportundigscorporate aspects of NOS in the learning
processes, most significant of which were the argaif lesson plans and presenting of micro-
lessons which had NOS explicitly embedded. Thipéetime face and overcome the challenges
involved in understanding and teaching NOS. | lmattread some writings on NOS in order to
properly use them.” [George, impact statement]

“Under the pressure of the assignment, | startediink seriously on how to design a class. It took
me some time and efforts on searching materialaneles, discussing with colleagues, but it was
really a very good experience. After some hard wsokne ideas came up. | started to understand
where to put NOS in the science context; how tegrdte both the NOS and subject knowledge to
teach. This experience not only helped me learntoawach NOS, but also improved my
confidence in NOS teaching.” [Fang, impact statetinen

Peer interactions/sharingharing of ideas and experiences was valued. Eeqeng different

science lessons that attempted to embed NOS ingoreg®n the students the diversity of venues tiodiec
NOS. Discussions of seized and missed opportunitigsn science lessons demonstrated where and how
various NOS aspects could be connected to sciemterd and learning activities.
“The different peer teaching presentations fromoter disciplines and discussions helped me polish
up and internalize further NOS.” [Robert, finalalission]

Classroom observationStudents were required to conduct six teachingrebiens (2 self, 2

peers, 2 other). These experiences brought ayéalthy we were having so much focus on NOS agrd th

images of NOS portrayed in typical college scietlasses. Observation opportunities and reflectushed
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the focus of science teaching (from the perspectitbe observer) on the how science is portrageeal
classrooms. For some, there was a challenge skt the typical science content and focus atterin
NOS connections. Some students in the methodsemere unable to set aside their content focus. Yet
those students who had prior experience in the MS&arch course, were more successful in descriidg
analyzing NOS portrayals. The evidence for thigest@nt stems from the primary researchers’ access t
student reflective writings completed for the ceurSample responses, however, are not availabtbdor
present paper.
Research
All five participants proposed research studiegh\@iNOS focus. They began to conduct their
studies in the spring of 2006. Three completed ttedies. They reported that the experience alystig
others’ views of NOS and NOS teaching practicesvirgifuential on their own views of NOS, NOS
teaching, and needs of teachers.

“I myself prepared some interview questions ashtilrough participants’ reactions on
guestionnaires...| realized that | have no detaiieés of views to make an analysis for my research.
Therefore, | read references of NOS again becawset to get clearer framework for research
analysis.” [Hang Hwa, impact statement]

“I have been able to study the phenomenon of tegcispects of NOS in the middle school. |
gained great insights into the NOS views of midstleool teachers. | also come to appreciate that
teachers do not differentiate clearly by inquirg aeaching NOS. Teachers run short of the
pedagogical content knowledge in as far as NOSitegds concerned. This makes them unable to
plan to teach NOS; those who try, they do it impyic’' [Robert, impact statement]
Teaching experiences
All five were teaching in the undergraduate soiepmgram for elementary education (Table 1) as
part of their assistantships. As discussed abbeg, dll reported trying to embed NOS within their
instruction, and feeling various levels of sucogih various NOS aspects. They reported that paison
teaching experiences provided contexts for challeniyOS views and teaching orientations. Initiadieing
attempts were challenging. As George stated, ‘Ughd it would be fairly easy, but it wasn't. | htx
explicitly plan to teach it.” Hang Hwa realized tha teach NOS, she needed to increase her cowmifibrt
her own NOS knowledge, “Planning required rereadiigaterials to be sure | know the content and
planned appropriately.” As she reflected on her N€xghing and the impact on her own views, shézezhl
the limitations of her own views.

“Discussions with students helped me to furthdeotfon my NOS views and effects of teaching
attempts. | realized | wasn't being explicit enougtudents had some problems with understanding
that | need to address. This made me further tenstahd NOS. Memorization is not good enough
for teaching it.” [Hang Hwa, final discussion]
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The importance of planning became evident thrabglhprocess of teaching attempts. They all
reported that, especially initially, they would det to make NOS connections unless they plannetigyp
to do so.

“If I didn’t use it in my planning, | wouldn't thik about it. | thought it would be fairly easy, bt
wasn't. | had to explicitly plan to teach it. Thethods course required objectives and instruction.
then tried to put it into my chemistry course. Y@ao plan for it.” [George, final discussion]

Discussion

Changing Perspectives

Each member of this group of graduate studentsrexymed 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, was less comfortafitethe absolutist view of science teaching, stet felt
she wasupposedo think this way. Her NOS views did not mesh withat she thought they were supposed
to be, at least as far as teaching science. Fordgrdearning about NOS was somewhat of a relief. H
“change in perspective” was different from the othie that she already understood many of the quina#
NOS, but she felt that she was supposed to teaehcscin the more absolutist, value-free way inchitshe
was taught. Finding out that there was a concdlgdcdNOS” that fit with her already formed concegts
validated her prior feelings about how stentedto teach science. Her “change in perspective” mwase
relative to her views of good science teaching.tRerothers, the “change in perspective” was wagpect to
NOS viewsandwith respect to what constitutes good science iagch

That each participant experienced personal transitand growth is not surprising, given the
consistent message; requirements for personattieihe modeling, planning, and teaching; and omgoi
support. These influential elements are consistehtprior research on developing teachers’ NOSvsie
and practices (Abd-El-Khalick & Akerson, 2004; Hanin et al., 2006; Lederman, 2007). The notion that
“one course is not enough” (Akerson et al., 200&jérman et al., 2001) reverberates from this study.

Utilizing Internal Commitments Toward NOS Conceptual Developmentlaathing Practice

External factors, such as program elements/regeinésninitiated change, but it is perhaps the
internal factors and perspectives of these studbatgprovide insights to sustaining progressiamsedhe
external pressures subside. Abd-El-Khalick & Aker§2004) describe “motivational factors” as thelatre
to preservice elementary teachers’ perceptionseoimiportance of NOS. What influences teachers’
internalization of NOS? Our study suggests peldscoramitments to science teaching and personabkgoal
are important factors. Programmatic requirementsiged external pressures and supports to leaaridg
teaching NOS. It was, however, personal commitmiinatisseemed to enable the students to internatize
they had learned and, moreover, to negotiate ttrohgllenges. Our results suggest that commitrents

improving science teaching and learning were patsrhnim advancing past initial conceptual undersiamd
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toward a more meaningful embracement of NOS asritapofor all science learners. There were common
experiences and personal elements that utilizedwatiter deepened these commitments. It is impottan
note that these features are not mutually exclusora each other or the aforementioned programmatic
elements.
Learning in Social Contexts

Group activities from courses, teaching discussiand informal discussions challenged NOS
conceptions and provided peer support and feedi@aakfindings demonstrate the act of talking withess
who share common experiences and goals regardingig and teaching NOS was influential in trigggri
conceptual development and sustaining motivatiBeflective discussions about readings and teaching
attempts were venues to vent frustrations as wedhare personal ideas, pose “what ifs” and compare
experiences. Learning did not take place in ismatChallenges were not unique to any one perdus. T
finding is supported by the work of Loving and Fag2000), who examined how graduate students
understand compatibility of science and religiohe¥ report the importance of peer sharing thatiges/a
“sense of relief from most who had struggled ta finposition but gained from the experience” (fb)4&or
the present study, sharing, comparing, evaluating,re-evaluating continued throughout the 18 nmnth
regardless of course or program assignments. Csav@ns in graduate student cubicles often involved
reactions, challenges, and possibilities regartli@$. That group sharing took place, and was valued,
suggests an internalized commitment to NOS.
Orientations and Critical Appraisal

Our results support the notion that reflectionmsatrumental factor in facilitating graduate
students’ transitions in conceptual knowledge @adhing orientations (Irez, 2006; Loving & Fosg800;
Volkmann & Zgagacz, 2004). Our results further gjghat motivation to continuously improve one’s
science teaching may be an instrumental factogahzing effects of reflection. For these gradisitelents,
conceptions of “good teaching” and orientationsamhbecoming “good teachers” may provide the irgtern
motivation necessary to gain from reflective andawoegnitive activities. This finding can perhapsetter
understood based on the work of Volkmann and Zga{@04), who find that NOS views can support
certain teaching orientations, but there is a neaxkplore professional identity as well. Their Wwdiscusses
the interplay between teaching orientations anfegsional identity. Challenges to beliefs are neagsin
order to modify teaching orientations. Our workypdes an in-depth examination and personal acoofunt
five graduate students’ challenging their NOS liglierough continued reflection and action.

Reflection, however, did not come automaticallyude assignments, modeling, and scaffolding of
reflection on experience seemed to facilitate ecéfre perspective. Outside of coursework, reftecabout
others’ teaching, personal teaching, and scienagerbencounters (e.g. readings, media, conversjtio

seemed to prompt further reconstruction of NOSddmal needs of NOS teaching. As external prompts
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waned, internal motivations took front stage taaundearning. Multiple exposures aided the proessksor
example, the first time reading about NOS and reagrimary NOS literature can be overwhelming when
NOS is brand new. To advance NOS conceptions aadeqass of applicability of NOS, several reported
that rereading the literature was helpful. HangHeg@orted that about six months after the NOS rekear
course, she reread the same literature. She wias Abte to understand the literature and gain rfrora the
articles in preparation for research and teachivigat was different the second time around? Fiest, h
motivation was altered from external (course regjuent) to internal (prepare for teaching and inddpat
research). Second, she had an idea about NOS. &hketter prepared to accept and understand the
descriptions and claims from the literature she rgasling. It could now make more sense to herppeily.
She had internalized NOS as a concept of importandeutility, wanting to incorporate NOS into hevro
teaching. Similar shifts with understanding the N@Sature were reported by Fang, Robert, and ¢aeor
Self-Awareness
Formal and informal discussions and reflective imgis prompted the graduate students to assess
their NOS views and teaching views. They becant&al appraisersof themselves as well as their
students. A theme of “self-awareness” runs thrahghindicated influential features. The studenilizad
their self-awareness regarding personal views oM@d requirements for successful learning andhilegc
As a group, they realized the neegblan for teachingNOS in order to teach NOS. They realized the teed
understand NOS and connections to their scienceisbim order to plan for teaching NOS. They repdist
mentioned elements of critical appraisal of “satf'brder to compare the sufficiency of their owrokihedge
and abilities to what is necessary for “good teagliiThe metacognitive perspective needed for such
appraisal was evident from the beginning of the N€®arch course. It is interesting, but not sanpyi that
four of the five were initially “shocked,” as Fadgscribed it. These students had never been expmsed
NOS before. Through initial readings, writings, afliscussions that prompted comparison of persaeailsy
with advocated NOS perspectives, the graduate stsitbegan their journey of critical appraisal.
Awareness of and concerns for students
The graduate students, because they saw themseslveachers, expressed concerns for student
learning and discussed student preconceptionsdiagescience. We saw this type of appraisal verly éa
the program when George and Robert wondered hddrehiin Cameroon and Uganda would react to
learning NOS. As the graduate students attempteshtth NOS in their undergraduate courses, theg wer
aware that their students held many of the sameamigptions that they themselves had held. This
awareness of students and recognition of studexliectges in their science classrooms seemed tgratte
with awareness of the graduate students’ own legnpiogressions for NOS. The integration may have
helped several of the graduate students to understadent resistance/struggles to the extent

“The engrained nature of [students] earlier vievekes it more challenging for me. | feel my
teaching has improved because | am able to exptatain issues in science to my students in a
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more appropriate and convincing manner. | also firydstudents getting less confused with some
activities as they understand they can use diffeapproaches, have different results, and feel they
are doing science... My greatest frustration has b@@mg some students still asking for “right
answers” or “right procedures.” However, | thinkrh expecting a fast change when it was not that
easy for me to understand some of these aspebt®8f This consoles me and teaches me to be
persistent but gentle in guiding students to anmexpation of NOS.” [George, impact statement]

Impacts on Efficacy of Science Teaching

The cycle of trying to explicitly teach NOS, reftang on success and challenges, trying again,
reflecting, trying and reflecting, and so on....répdly had a positive impact on the graduate stistisatf
efficacy for NOS teaching, but also for scienceléag in general. Initial frustrations were methwit
commitment to do better. Peer and faculty suppatiged a safety net to sustain motivation. Anycess
was embraced and used as a catalyst for furtrenpts. Similar impacts have been described forrgéing
and sustaining NOS success with elementary tea¢hkesson et al., 2006; Abd-El-Khalick & Akerson,
2004), secondary preservice teachers (Schwartzdedpean, 2002), and undergraduate teaching assistant
(Hanuscin et al., 2006). In the present study, Gedescribed initial attempts with embedding NO&wi
study of atomic structure. He knew there were cotimes he could make. He planned. He taught. He
reflected. He saw additional opportunities. He repthat now, he sees opportunities for embeddi®g
everything he teaches. Hang Hwa experienced sonadkesses with her summer methods course. She
brought those successes to her biology coursereplogts feeling like a better teacher. Robert aadrGe
make similar claims. They feel their teaching, @mgral, has improved because of their perspectivé@S
and inclusion of relevant NOS connections in telassrooms. Course evaluations and observations of
teaching by faculty supervisors support their ckaim
Cultural Influences on Views, Motivations, and FetDirections

Initial reactions to the novel NOS concepts weresoof surprise for four of the five. These four
were international students, originating from fdifferent countries. They reported learning scieinom
within a “western” perspective, consistent with@lbsist promotions. NOS seemed to be a welcomedgdha
in perspective. For them, their worldview (in asamas we can describe the participants’ worldvigroas
self-report) was more compatible with NOS ideads Thconsistent with Abd-El-Khalick and Akerson’s
finding that preservice teachers who held world@@empatible with NOS ideas were better positicioed
advance their NOS understandings (2004).

Motivations for continued learning of NOS also agesl to stem from future goals and potential
impact of NOS as they relate to those goals. Baminpternational group, some students discussed
possibilities of introducing NOS in their home ctrigs. Robert mentioned his initial reaction in garing
NOS as presented in the program with the portrafyatience as exclusively “western.” He discus$ed t

potential of NOS providing an avenue for establigrdind maintaining science learners in Uganda.dde h
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come to value the creativity and social and cultaspects that he feels would be attractive tocafi
children. Likewise, George considered how he migtge awareness of NOS to learners in Cameroon.

“I do not only see science now as this body of kieolge and processes which students have to

know so as to pass exams, but also as a way ofikgot this moment | cannot stop wondering if

Cameroonian students are actually becoming sdieaitif literate and what effect this has on the

society. This leaves me thinking about what caddo® in bringing about a change in the teaching

and learning of science in Cameroon.” [Georgeigdhitarrative]
Conclusions and Implications

These stories of personal reflection highlight Erajes and influential factors in the preparatibn o
science educators. The “change in perspective’reqpeed through this program was multifaceted. €hes
future science teacher educators demonstrated ehalagive to their knowledge about NOS, NOS taag:hi
science teaching, and potential professional dautidns within different cultural settings. Theyogted
profound realization that, despite substantialrsmeknowledge and experiences, they hadeaaity thought
about NOS before, or they had passively acceptttaiditional view. Reflection on prior learning
experiences and science practice in light of NGfelirggs and activities provided cognitive dissonance
Furthermore, these students were able to identifjieations of NOS to address other issues in seien
learning that were already of concern to them @utural perceptions and attitudes toward scigrnideese
metacognitive elements may be critical to brealkivggcycle of “teach as you have been taught.”

Seeing the importance of NOS for science learregms to be a necessary perspective to develop
conceptions and teaching skills beyond externaguness (“I need to do this for a course.”) to erobra
internal motivations (“I am a science teacheraktestudents about science; NOS is part of scieviteout
NOS, science is misrepresented”). Our results fidgbat this perspective facilitatesgernalizingthe
importance and utility of NOS. We identified extaland internal motivating factors that are asgediavith
these graduate students’ learning and teachindd$8.N 'hese factors are overlapping, yet there sézivs a
necessary shift from relying primarily on exterfadtors to drawing upon internal factors that sasta
momentum regarding a NOS focus. From this studigreal factors of course requirements, consistency,
and support initiated the processes of internatimatnternal factors of (1) commitment to becomafetter
science teacher and science teacher educatorl(Bsvand perceptions of science teaching anditggrn
and (3) personal goals, influenced continued deweémnts. There may be a complex relationship between
the relative reliance on external and internal wattbns and conceptual and instructional develogmen
(Figure 1). Potential associations, prerequisi&slusions, and additions need to be examinedintamal
motivations are always there, but may shift intreéaimpact as perceptions about science teactiifig s
Valuing NOS as a construct may enhance, or mayawict, a teacher’s professional identity as arsge

teacher and scholar.
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What does it mean to be a science teacher? Wiatcsihow, and why should | teach my students?
To internalize the importance of NOS, our studygasgs that conceptions of NOS likely need to be
compatible with a teacher’s answer to these questibsai (2002) reported this notion of “nested
epistemologies” where teachers’ conceptions of M@$ relate to their conceptions of science teachi
learning. Tsai suggests that “Changing teachetgfbeof teaching and learning science may be a
prerequisite of changing their beliefs about saemce vice versa (p. 780). This idea deserves iaddit
exploration. Our study suggests that, for thesdugte students, NOS needs be viewed as an ingrpared
of the science curriculum, essential for scientiferacy, but, moreover, essential for motivatiegrners
toward science. Examining NOS learning from perspes of motivation theory, orientations, and idignt
may help us to understand deep internal factotsatteefacilitators or barriers to success.

Our results highlight the importance of consisteany repeated challenges toward learning NOS
within the science education graduate program. @ppities for critical discussion may facilitateflextion
necessary for change (Loving & Foster, 2000; Sctanatral., 2002; Tsai, 2002; Wlodarsky, 2005). Twe
courses and NOS research group kept NOS visiblidhéze students. They could not just learn abontat
class and leave it behind. Four of the five adhettlikely would have regressed to earlier teaching
orientations had they not been pressed to keekitigimbout it and practicing. The other, Brandyrfd a
good fit between NOS and her existing teachingpetives. These students then continued to attantpt
reflect upon embedding NOS within their teachingigrement. Consistent exposure and multiple chadieng
for examining existing NOS ideas and teaching jrestare recommended for preservice teacher pregram
to prepare teachers for effective NOS instructidind-El-Khalick & Akerson, 2004; Akerson et al., 20
Lederman, 2007). Similar focus is warranted foispreice science teacher educators. For sciencealuc
graduate programs, we recommend consistent expasuleple challenges for reflection, and supported
experiences with teaching NOS within science cdntentexts. The added challenge for these futuenese
educators is developing proficiency in teacheresihow to teach NOS. Further research is cleagyled
in all these areas.

Although there is an abundance of research stutd@iopment, very little focuses on graduate
students, despite the huge demands these futurtasslften have on their abilities to teach, lesmd do
research. Science education graduate studentiseaf@ttire of science education. Attention is due to
understand their professional development. It ishaye that this work will provide some guidanceab
least raise questions, concerning the needs afceieducation graduate students in preparatiocei@ers

as science educators.
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Figure 1: Interplay between internal and externalivation and the teaching and learning of NOS.
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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 5. 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

Describe who you are, your educational and teadbagground.

What were your initial assumptions beliefs, thosghind 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 elgrees?

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?]

9. 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?

ONOOAWNE

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?

2. Teaching science in the undergraduate program: Wénag 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?

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

4. Methods course: Describe the impacted of this @arsyour views of NOS, NOS teaching,
and science teaching. What experiences do yourfiéeenced your views regarding NOS?

5. Describe any other experiences you have had theteg impacted your understanding of
NOS, NOS teaching, NOS learning, and NOS research.
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