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The present study investigated differences in the continuing development of
National Board Certified Science Teachers’ (NBCSTs) conceptions ofyragross the
disciplines of biology, chemistry, earth science, and physics. Thela®siarch
guestion of the study wa%jlow does a NBCST'’s science discipline (biology, chemistry,
earth science, or physics) influence their conceptions, enactment, and goals for inquiry-
based teaching and learning?”

A mixed methods approach was used that included an analysis of the National
Board portfolio entryActive Scientific Inquiryfor participants (n=48) achieving
certification in the 2007 cohort. The portfolio entry provided detailed documentation of

teachers’ goals and enactment of an inquiry lesson taught in their classrosed. oBa



the results from portfolio analysis, participant interviews were conduathderence
teachers (n=12) from the 2008 NBCST cohort who represented the science dsoipline
biology, chemistry, earth science, and physics. The interviews provided a navagker

of contexts to explore teachers’ conceptions, enactment, and goals of inquiry. Othe
factors studied were disciplinary differences in NBCSTs’ views of theanafiscience,

the relation between their science content knowledge and use of inquiry, andsahange
their conceptions of inquiry as result of the NB certification process. Findiaged on

a situated cognitive framework, suggested that differences existdrebidogy,

chemistry, and earth science teachers’ conceptions, enactment, and goajsifgr i
Further, individuals teaching in more than one discipline often held different conceptions
of inquiry depending on the discipline in which they were teaching.
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differences in studies on inquiry and exercising caution in generalizingdmdcross
disciplines. In addition, teachers who teach in more than one discipline can hidtdight t
contextual and culturally based nature of teachers’ conceptions of inquiry. For the
education community, disciplinary differences should be considered in the development
of curriculum and professional development. An understanding of disciplinary trends can

allow for more targeted and relevant representations of inquiry.
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Chapter 1: Problem Statement

Introduction

Despite widespread agreemeanthe science education reform communirtgt
inquiry should be an integral part of science teaching and learning, researctesttiat
little inquiry is actually taking place (American Association for the Adeament of
Science1992;Lotter, Harwood, & Bonner, 2007; National Research Council, 1996;
Wells, 1995). Even with considerable time and resources invested in articulating and
promoting a vision of reform for science education inquiry is oftentimes migsimgthe
science classroom (AAAS, 1992, NRC, 1996, NSTA, 1995). Central to this study was
the role inquiry holds in that vision and how teachers in different subject matter
disciplines think about and enact inquiry.

Research has identified barriers perceived by science teacherseémanpl
inquiry in their classrooms (Brickhouse, 1990; Keys & Bryan, 2001; McGinnis, Parker,
& Graeber, 2004; Wallace & Kang, 2004). Time constraints, external examinations,
student maturity and ability, local school culture, and other factors have bekthycite
teachers as barriers to using inquiry teaching in their classrooms. Whiléidgrihese
barriers has provided valuable insights, little has changed at the classrobniriguey
remains inconsistently enacted, and when enacted it often differs fronteheans of
reform documents and curricula designers (Abd-El-Khalick, 2004, Anderson, 2002;
NRC, 1996).

Professional development is often described as a key element in promoting
teachers’ use of inquiry in the classroom. Studies have shown that professional

development can result in changes to teachers’ conceptions of inquiry (Crawford, 2007;



Luft, 2001; Songer, Lee, & McDonald, 2003). However, professional development often
does not result in changes in classroom practice (Lee, Hart, Cuevas, & Enders, 2004;
Lotter, Harwood, & Bonner, 2007).

With the current emphasis on inquiry within the science education community,
this study aimed to build on a professional development experience that has been shown
to increase teachers’ understanding about inquiry: the National Board (RiBgaiton
process (Lustick & Sykes, 2006; Park & Oliver, 2008). The National Board certificat
(Adolescent and Young Adult: Sciemeetification area) provides a uniform, rigorous,
and substantial data source to study teachers’ conceptions of inquiry.

During the 2006-2007 school year | was a NB candidate iAdloéescent and
Young Adult: Sciend®YA Sciengecertification area (chemistry). In November 2007 |
was awarded NB certification. The NB certification experience and nsppal interest
in teaching with inquiry led me to wonder how the NB certification could help us
understand how teachers think about inquiry. The following description of the
certification process is provided to situate the study.

NBPTS Background

Established in 1987 with a grant from the Carnegie Corporation of New York, the
National Board for Professional Teaching Standards (NBPTS) certsiéidsitcohort of
teachers in 1993. Today more than 74,000 teachers have achieved certification with over

9,600 new recipients in 2008.

According to the NPBTS website, National Board Certified Teacher€TsSB

advance the quality of teaching and learning by:



» Maintaining high and rigorous standards for what accomplished teachers should
know and be able to do.

» Providing a national voluntary system certifying teachers who meet these
standards.

» Advocating related education reforms to integrate National Board Ceitifida
American education and to capitalize on the expertise of National BoartieQerti
Teachers (NBPTS, 2009a).

There are currently 25 available certificate areas ranging éaohg childhood to
young adulthood across a variety of subject areas. Within each certifieatthare are
further divisions. For example, this study focused orAtfiA Scienceertificate area,
which consists of Biology, Chemistry, Earth/Space Science, and Physicaltypereas.
AYA Scienceertification can be obtained in one of these four areas.

The certification process is rigorous and time consuming. Only about 40 percent
of candidates achieve certification the first year; about 65 percent dalse éyd of the
three-year cycle. In addition, teachers spend from 200 to 400 hours to prepare and
complete the certification process (NBPTS, 2009a). This rigorous, exteadileation
process provides a rich data source for exploring teachers’ ideas aboutgeaxhtheir
science content knowledge.

National Board Core Propositions and Standards

The National Board has identified five areas, terf@ece Propositionswhich

provide a vision of accomplished teaching. These are:

Proposition 1 Teachers are committed to students and learning.



Proposition 2 Teachers know the subjects they teach and how to teach those
subjects to students.

Proposition 3Teachers are responsible for managing and monitoring student
learning.

Proposition 4 Teachers think systematically about their practice and learn from
experience.

Proposition 5Teachers are members of learning communities.

Of the five, this study primarily examined Proposition 2 and 4.

In addition to theCore PropositionsNB provides a set of standards for each
certificate area. Standards are generated by a committee adreatibtributed to the
education community for review and comment, and are then approved by the NBPTS
Board of Directors. In this manner, the standards represent a consensus view of what
constitutes accomplished teaching in that certificate area. Of theettW¢A Science
standards,Understanding Scien¢e’ Fostering Science Inquifyand “Reflecting on
Teaching and Learnirigare most relevant to this study. Teachers are encouraged to
continually refer back to the standards as they think and write about their teaching
Portfolio and Assessment Center Exercises

The AYA Scienceertificate process consists of the construction of a portfolio
documenting candidates’ teaching and a series of assessments foauseityn
knowledge of teaching and content. The portfolio is weighted as 60% of a candidate’s
score and the Assessment Center exercises make up the remaining 40%joflityeaha
teachers’ time is spent preparing the portfolio although many teachetscpeiderable

time preparing for the Assessment Center exercises.



TheAYA Scienceortfolio consists of four entrie$eaching a Major Idea in
ScienceActive Scientific InquiryWhole Class Discussion in ScienaedDocumented
Accomplishments: Contributions to Student Learnife focus of this study is the
portfolio entryActive Scientific Inquiry The entryrequires that the candidate:

» Plan and teach an inquiry science lesson or lesson sequence.

» Generate a 20-minute video engaging students in active scientific inquiry.

» Describe, analyze, and reflect upon their lesson and video in a thirteen-page
document.

The guidelines, instructions, and rubric by which the entry will be assessed are
specific and detailed. From a research perspective, this provides a comsidtantform
set of conditions for portfolio creation. All participants are provided with identical
instructions, requirements, and scoring rubrics. While teaching environments do vary
considerably, teachers’ interpretation and work on their portfolio tells us a lotthkout

conceptions they hold for inquiry teaching and learning.

Assessment Center exercises are composed of six sections that exanene cont
knowledge specified in the NBPTS standards. Candidates are given 30 minutes to
respond to each exercise. Assessments are administered at an autrsinzpthtdity

via computer. The Assessment Center exercisesYér Sciencare:

Exercise 1: Data Analysis
Exercise 2: Interrelationships
Exercise 3: Fundamental Concepts

Exercise 4: Change Over Time (Biological, Physical, and Earth Sciences specialty areas)
-OR-
Exercise 4: Changesin Systems (Chemistry specialty area only)

Exercise 5: Connectionsin Science
Exercise 6: Breadth of Knowledge



In this study, Exercise 3: Fundamental Concepts wastaggdvide a measure of
teachers’ science content knowledge. For Exercise 3:

Teachers will be asked to demonstrate a depth of content knowledge in their

specialized field. They will be given a visual, mathematical, or graphical

representation of a concept and will give a description of the concept, analyze

relationships, and discuss consequences of chaiNg_TS, 2009b, p. 3).

In addition, Exercise 6: Breadth of Knowledge was used to provide a measure of
teachers’ understanding of science content knowledge across the disciplined of biology,

chemistry, earth science, and physics.

Teachers will be asked to demonstrate knowledge across the science disciplines

and describe a major idea in science. They will then explain a concept in each of

the three major sciences not in their specialty and relate the concepts to the major

idea(NBPTS, 2009b, p. 3).
Summary

Teachers achieving National Board certification have completed augjor
reflective, and uniform professional development experience. They have planned,
enacted, described, analyzed, and reflected on their teaching and on studemg lear
their portfolio entries. In addition, through Assessment Center exercisghaiebeen
assessed on their science content knowledge in both their specific discipline amd in m
general science concepts (e.g. data analysis, other science disciptimatedge, etc).

The portfolio entryActive Scientific Inquiryalong with Assessment Center

scores, provides rich data for studying NBCSTs’ conceptions of inquiry, ebpadian



supported by participant interviews and the Views of Science-Technologgtsoci
(VOSTS) questionnaire.
Research Questions

Using National Board Certification iddolescent and Young Adult: Scieasea
rigorous and uniform treatment, there were three primary questions addresised by
present study. First, factors influencing teachers’ conception, enactmegipas of
inquiry were explored to address the research queShionv does a NBCST's science
discipline (biology, chemistry, earth science, or physics) influence theieptiogs,
enactment, and goals for inquiry-based teaching and learning?”

Second, the influence of teachers’ science content knowledge on their conceptions
of inquiry was addressedHow does science subject area content knowledge influence
teachers’ enactment of inquiry-based teaching and learning?”

Finally, building upon findings from the above questions, the current study
investigated changes in teachers’ conception and enactment of inquirgsast af the
NB certification process. While the portfolio and Assessment Centeriseeprovided
considerable data, to develop a richer and fuller understanding of the factors that
influence teachers’ conceptions of inquiry required additional sources. In thef thise

study, interviews and the VOSTS questionnaire provided such data.

“How did the National Board certification process alter teachers’ conceptions of intjuiry?
Research findings in this study contribute to the literature on professional

development and teacher practice of inquiry. In addition, the present study may guide

improvements in the design and implementation of professional development efforts and

potentially lead to more effective experiences for teachers.



Theoretical Framework
The current study originally adopted a sociocultural perspective in the plaaming
design of instrumentation and protocolemke (2001, p. 296) described the
sociocultural perspective as

“Viewing science, science education, and research on science education as

human social activities constructed within institutional and cultural frameworks.
Others have used a sociocultural perspective to study science teachinginlg&@d
Simmons (1999) studied teachers’ perspectives of teaching science-tegrsundiEyy
(STS) issues in the classroom. The sociocultural framework allowed themalyo st
teachers’ beliefs about how controversial STS issues were influenced bgulboeds.
Regarding teaching with inquiry, Wallace and Kang (2004) noted that it is imptota
take into account how teachers’ beliefs about inquiry have developed as a result of the
social context and culture of the classroom. These studies have shown that the
sociocultural perspective is an appropriate framework for studying sdieaching.

The sociocultural perspective is well suited for studying how teachers think about
and enact inquiry in their classrooms. Both the development of teachers’ conceptions of
inquiry and how they use it in the classroom are strongly influenced by theictidesa
with others. Therefore, an emphasis on these interactions was expected totreprese
theoretically productive approach.

As the study progressed and data analysis took place, however, it was retognize
that a more specific theoretical framework was needed to assist in idenafyd
organizing results from portfolio analysis and themes emerging froncipartt

interviews. In particular, there was a need to take into account the conteadhodrie



practice and the communities in which they interacted. A situated cognitsfgeptve
was selected to provide a framework with sufficient explanatory power farthlgsis.

Situated cognition, located within a sociocultural research paradigm, posits that
learning takes place within a social context and culture and that the tviauately
related (Brown, Collins, & Duguid, 1989). According to Lave and Wenger (1991),
learning is dependent upon context, is socially negotiated, and takes place through
enculturation into communities of practice. In this sense, the situative perspecti
emphasizes systems of interactions rather than individual behavioral aiveogni
processes (Greeno, 1997).

As Borko (2004) states, teacher learning takes place in a variety of cotitexts:
classroom, school communities, professional development activities, and interactions
with colleagues. In this study of NBCSTs, the NB certification process, ticiyar the
construction of the portfolio entictive Scientific Inquiryprovides an opportunity to
study the context in which teaching with inquiry takes place. In addition to portfolio
analysis, participant interviews allowed for further exploration of costaxd an
opportunity to investigate the discourse communities that influence NBCSTs’
conceptions, enactment, and goals for inquiry.

Teaching with inquiry takes place within the social context of the classroom,
school, and larger education community. How teachers think about and enact inquiry is
influenced not only by these contexts, but also by the communities in which thegtintera
and have interacted in the past. Examples of these discourse communities include
NBCSTs’ experiences as students, previous scientific research expsriand

interactions with other teachers.



While not as much research has been done with teachers, Putnam and Borko
(2000) present a description of how the situative perspective can be used to stuely tea
learning. Three central ideas of the situative perspective are that leiaraitugted in a
social or physical context, social in nature, and distributed. Building on recenthgsea
they conclude by stating that the situative perspective, with its view oftimogas
social, situated, and distributed, offers a framework for studying teaamihggacher
learning.

Of particular interest to this study are the social context of teachihgntiiry
and the discourse communities in which teachers participate. Viewing NBCSTs
conception, enactment, and goals though a situative lens provides a productive and
relevant framework to analyze their teaching with inquiry.

Rationale

Currently, gaps exist in our understanding about influences on teachers’
conceptions and enactment of inquiry. Specifically, we know little about how teacher
discipline (biology, chemistry, earth/space science, physics) inflagheg conception
of inquiry. Considerable work has been done at the departmental level (e.g., English,
Science, Social Studies, etc.) and in secondary schools (Grossman & Stodolsky, 1995)
but it is not clear that this generalizes to within departments and spégificatience.
Further, the influence of subject area content knowledge on inquiry teaching has been
documented in the literature (Alexander, 1992; Brickhouse, 1990; Smith, 20@f;

Smith & Neale, 1989) but there is a dearth of mixed methodology studies with a
developed quantitative aspect investigating the link between domain knowledge and

inquiry teaching. The current study seeks to explore these factors anthplace

10



context with teachers’ conceptions of inquiry as a result of a professiombpment
experience.

The above factors do not exist in isolation; context is crucial. To merelyfidenti
the existence of factors does not elucidate their interaction with teachecgptions of
inquiry, decisions they make, and life in the classroom. Recent research hasdndicat
that the NB certification process does result in significant gains in tsacher
understanding of inquiry (Lustick & Sykes, 2006; Park & Oliver, 2008). Based on
evidence that teachers are learning from the NB process, the presentsstd@ymixed
methodology to identify the factors and to place them in the context of teacher change

and classroom practice.

To provide a clear and consistent discussion format, the rationale is divided into
three sections based on the research questions.

Influences on teachers’ conceptions and enactment of inquiry

Considerable research has been done on inquiry and teacher beliefs (Brickhouse,
1990; Kane, Sandretto, & Heath, 2002; Nespor, 1987; Pajares, 1992) and conceptions
(Wallace & Kang, 2004, Lotter, 2005; Lederman, et al., 2002) about inquiry. However,
as Windschitl (2004, p. 481) stated,

“... little is known about how teachers conceptualize inquiry, how these

conceptions are formed and reinforced, how they relate to work done by

scientists, and if these ideas about inquiry are translated into classroom practice

The NB certification process provides a rich data set to explore NBCSTs
conceptions of inquiry and describe how the certification process led to changes in

teachers’ conception of inquiry.

11



Influence of science discipline on teacher’s conceptions and enaafmequiry.

At the secondary level, minimal research has been done on the influence of the
teachers’ subject area (biology, chemistry, earth/space sciencesploystheir
enactment and conceptions of inquiry. A thorough review of the literature yieded f
results. Of these, none provided a theoretical or practical basis for undegiaomdgi
science subject area influences teachers’ conceptions of inquiry atdinelzey level.
An understanding of subject area specific conceptions of inquiry can inform our
theoretical understanding of inquiry teaching. It can also offer insights intoelaavetrs
from different disciplines think about and enact inquiry teaching.

High school teachers often define themselves by the departments in which they
teach; for example, social studies, English, or science (Grossman & Stodolsky, 1995)
This is also case within departments; perhaps to even a higher degree ia. s¢rile it
is common for teachers to teach two subject areas, teachers tend to iderdifyithar
specific subject. This subject area focus has important implications for amdieng
how teachers think about inquiry. For example, if biology and physics teachers have
differing conceptions about the importance of alternate explanations in ingusrgptld
provide insights into their conception of inquiry and have implications for professional
development, curriculum development, and classroom practice.

Research scientists often use different methodologies and have different
approaches to and conceptions of scientific inquiry. For this study, it was thibaght t
similar differences exist between science subject areas and feegmtibs in conceptions

of inquiry also exist. This study sought to identify and explore the extent to which

12



differences between subject areas exist and how this ultimately irdiérachers’

conceptions and enactment of inquiry.
Influence of teachers’ science content knowledge on inquiry teaching.

Subject area content knowledge has been shown to influence teaching with
inquiry (Alexander, 1992; Brickhouse, 1990; Smith, et2007; Smith & Neale, 1989).
According to Anderson (2002), an insufficient body of research has been carried out on
how teachers’ content knowledge influences their instruction. However, case study
research has suggested that it is important (Smith, 2007). Further, studiesamatats
education support the idea that content knowledge is necessary to implement inquiry-
oriented instruction (Loucks-Horsley, Hewson, Love, & Stiles, 1998; Schneider &
Krajcik, 2002). The current study sought to strengthen our understanding of the
importance of content knowledge as it relates to inquiry teaching. Spegifitalimed
to identify aspects of inquiry that are related to teachers’ subjectrroattent

knowledge.
What Leads to Change in Teachers’ Conception of Inquiry?

Identifying the influence of subject area and science content knowledge has
limited potential for extending our knowledge of inquiry teaching. We must look at the
context in which the factors operate to develop a fuller view of their influence on
teachers’ practice. While analysis of the portfolio entry, VOSTS aqunestire responses,
and Assessment Center scores can help us understand the relationships between the
science subject area content knowledge and teacher conceptions, it is nécdafiary

directly with teachers to explore the context in which they think about inquiry

13



Research has found thaY A Scienceandidates do learn from the NB
certification process (Lustick & Sykes, 2006; Park & Oliver, 2008). Using a-quasi
experimental design, Lustick and Sykes found that greatest gains wer@antaglareas
of scientific inquiry and assessment. This conclusion was supported by teacher
comments about the portfolio process. In a case study of three NB candidates, Park and
Oliver (2008) also found that teachers improved their understanding of inquiry
instruction. Both studies indicate that teachers were learning and that the chaldge
be measured by both quantitative and qualitative instruments.

Using semi-structured interviews to provide context and clarification, sulee
guestions were examined. First, the elements leading to any changexplered.
Second, critical points where change occurred were identified. Finallyheoehénges
are represented in current practice will be examined.

What elements of the professional development experience led to the change?

It has been hypothesized that much of the learning that took place during the NB
process was influenced by the availability of a detailed description of inguing NB
standards and portfolio instructions (Lustick & Sykes, 2006). As Lustick and Sykes
noted, teacher learning occurred in areas where the biggest differened bristeen
teachers’ practice and NB standards. Given the diverse meanings of inqudergan,

2002; Crawford, 2007), it is possible that NB documents provided a vision of inquiry that
clarified and expanded teachers’ ideas and led to changes in their conceptions and

enactment of inquiry.

14



When did the change take place?

Knowledge of when teachers’ conceptions of inquiry change can help identify
critical points in the certification process and may generalize to othiesspronal
development activities. Therefore, this knowledge has important implicatioaarfor
understanding of teacher change and for professional development. It is eviele possi
that the change may have taken place well after the portfolio was completedk(Bus
Sykes, 2006), something that can only be identified through participant interviews.
How is this change represented by the teachers in their current practice?

For change to have an impact on student learning, it must have some permanence
in teachers’ practice. In the present study, semi-structured intervidvioe wised to
describe any changes that took place in teachers’ practice as a réselIN&f

certification process.

Even for teachers who did not change their conception of inquiry, changes to
practice are possible. For example, one participant in a pilot study thad¢utered
informed the current study stated that there was no change to her conception about
inquiry. However, in discussing her teaching she stated that she now used inquiry more
frequently because she was more comfortable in its use. For her, the portfa®sproc
“got me started with inquiry labs and | have been incorporating more of the activities

into my courses over the past two years.

Meaningful Questions

The NB certification process offers an accessible and data-rich opppttunit
study conceptions and enactments of inquiry. However, access aside, whathmakes

current study meaningful?
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As a researcher, a high school science teacher, and a recently N8dcerti
teacher, my experience has been that inquiry teaching is demanding and.diégul
others have pointed out (Crawford, 2000; Sandoval & Daniszewski, 2004), teaching with
inquiry requires teachers to take on new and sometimes unfamiliar roles. | have
experienced this in my own practice as a chemistry teacher. At theisamaguiry
can result in more motivated students (Crawford, Krajcik, & Marx, 1999; Gibson &
Chase, 2002; Palmer, 2009).

Evidence indicates that teaching science using inquiry is as effastivere
traditional teaching methods, as measured by standardized tests. Actorésearch
comparing inquiry-based learning to National Assessment of Education $3¢iy&EP)
science test scores, students involved with a project-based science currctosahy
related to inquiry-based instruction, scored significantly higher than, or theeasarthe

national average (Schneider, Krajcik, Marx, & Soloway, 2002).

In addition to the evidence that inquiry is as effective as other teaching methods
when measured by the NAEP exam, it has been shown that students involved with
inquiry have a more positive attitude towards science over time. Based on a loadjitudi
study on the impact of inquiry-based science on middle school students’ attitudetstowa
science, Gibson and Chase (2002) concluded that students who took part in a summer
inquiry-based science camp maintained a higher interest and more posttide dbhan
students who had applied to the camp but were not accepted. Others reported similar
findings (Crawford, Krajcik, & Marx, 1999; Hand, Wallace, & Yang, 2004; Palmer,

2009).
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In this regard, the current study can further our knowledge of the influences on
teachers’ conceptions of inquiry and the context in which it exists. This, in tarleach
to more effective professional development and curriculum for inquiry-basedngachi
and ultimately, improved student learning.

My own experience in attending and presenting workshops about inquiry has led
me to believe that scienteachers’ conceptions about inquiry are often limited and
undefined. For example, teachers understood the idea of having students ask questions,
design experiments, and collect and analyze data as described in natonal re
documents. Often, as noted by Holliday (2004), these teachers believed that iraguiry w
to be taught implicitly, with minimal guidance. This conception resulted in many
teachers feeling that inquiry would not work in their classroom and disengagmgife

professional development experience.

An understanding of the factors that influence teachers’ enactment angtocamce
of inquiry are central to reform-oriented professional development effortéesBional
development can lead to changes in teachers’ conceptions about inquiry (AbaliekKh
& Lederman, 1998; Luft, 2001; Lustick & Sykes, 2007; Park & Oliver, 2008; Supovitz &
Turner, 2000). However, limited resources, and pressure created by high sttikgs te
often result in diminished opportunities for professional development. It is therefore
essential that available opportunities be designed and conducted to be aseeftecti

possible.

Significance

Studying the NB certification process provides an opportunity to access a

source of data about teachers and inquiry. Because of its richness and depth hles possi

17



to investigate several factors influencing teachers’ conception anonemaof inquiry

that have been understudied in the field. This takes on further significance since
NBCSTs represent an important and growing source of influence and leadership in
schools; a source that could play an important role in reform efforts in s@dncation.
Therefore, expanding our knowledge of how they think about inquiry can inform us of

the role they might play in science education reform efforts.

Much of the research on inquiry has been on pre-service teachers (Crawford,
2007; Windschitl, 2004) or small groups of volunteers specifically interested mingar
more about inquiry (Luft, 2001; Wallace & Kang, 2004). These populations, while
accessible, offer limited generalizablity. The current study extendshowledge by
studying a population of experienced teachers who have engaged in a professional

development experience for a variety of personal and professional reasons.
Teachers’ Conceptions of Inquiry

As discussed earlier in the Rationale section of this proposal, gaps exist in our
knowledge of how teachers conceive of inquiry. A central goal of the current shasdy w
to generate new knowledge to expand our understanding of teachers’ conceptions of
inquiry. The significance is twofold. First, the study sought to enhance our thabreti
understanding of teacher practice as it relates to inquiry. Second, fingdingthe study
will guide professional development and curriculum that can more effgcénable
teachers to teach inquiry in a manner consistent with the vision of the national reform

documents.
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NBCSTs as Teacher Leaders

NBCSTs represent an important and growing influence in leadership in schools;
one that could have an impact on science education reform efforts. This study is
significant as it increases our understanding of how highly accomplishedesteachers
think about inquiry.

An intended outcome of the NB certification is the creation of teacher leaders
within schools. As stated in the Carnegie Task Force (1986, p.55), which led to the
establishment of the National Board, NBCTs are to:

... provide active leadership in the redesign of the schools and in helping their

colleagues to uphold high standards of teaching and learning

Recent research supports this notion. In a study of interview data from 15
NBCTs, it was found that NBCTs became involved in a variety of leadership astivitie
many newly available as a result of being certified by NBPTS. Futtiese teachers

were more focused in their leadership goals (Sato, Hyler, & Monte-Sano, 2002).

Darling-Hammond (1996) said that change starts within schools. Therefore our
understanding of how NBCSTs think about inquiry offers insights into a potentially
important source of science education reform leadership in schools. Giventiyat ma
meanings teachers give to inquiry are offéferent from the intent afeform documents
(Matson & Parsons, 2006; Wheeler, 2000; Windschitl, 2003), NBCSTs may offer an
effective means to promote reform in science education at the school level. Our
knowledge of their conceptions of inquiry can guide efforts to leverage this human

resource.

19



A Significant Data Source

The comprehensive nature of the NB certification process, including an entire
portfolio entry on teaching an inquiry lesson or unit, provided access to data that would
otherwise take considerable time and resources to obtain. This includes:

» A uniform, well-established and documented treatment.

> Arigorous treatment. It is estimated that teachers will spend betweer 30@
hours on the portfolio entrctive Scientific Inquiry

» Descriptive, analytical, and reflective commentary by teachers (13)pyms their
inquiry teaching based on video of themselves and students engaging in inquiry.

» An assessment of teachers’ content knowledge that has been shown to be valid
and reliable.

In addition, participants in the study completed the VOSTS instrument and took
part in interviews, adding to the available information. Together, this represecéss ac
to a data set not previously studied in the literature.

An important aspect of this data source is that participants did not necessarily
seek certification out of an interest to learn more about inquiry. Teachers undBtake
certification for a variety of reasons including professional growth, finkimgantives,
and prestige. In this sense, the data represent a group of teachers with vgngaag de
experience, motivation, and conceptions about inquiry. It is thought that this results in
more diverse views about inquiry and provides a representative array of teachers’

conceptions of inquiry.
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Purpose
Using a mixed methodological approach (Greene, 2001), the present study was
designed to expand our understanding of how experienced teachers conceive of inquiry.
Based upon multiple and varied data sources, a sociocultural framework was used in the

design of the study and analysis of data.

First, the study investigated the factors that influence teachers’ canmsepfi
inquiry. These included subject area (biology, chemistry, earth/spaceesgbgsics)
and subject matter content knowledge. Second, the study built on the factors considered
in question one and sought to describe how teachers’ conceptions of inquiry change as a

result of the National Board certification process.
Beginning of Study Researcher Positionality

In many ways | think and write about science teaching from three distinct
perspectives: as a National Board certified high school science teachtugho
science in the US Peace Corps in Africa and a former research chencaistof Bzese
roles brings unique insights and ideas. At the same time, each role comes with its ow
set of experiences and notions that need to be examined and monitored.

For the past seven years, | have taught high school chemistry and hawe tried t
make scientific inquiry a significant part of my teaching. Over that fweefaced many
of the barriers described in the literature (Abd-El-Khalick, 2004; Brickhouse, 1990;
Welch, 1981) and developed strategies to get around them. Currently, in my seaenth ye

of high school chemistry teaching, | struggle daily with the everydastipal pressures
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of teaching, limited time and resources, and my still-developing ability to pthn a
implement inquiry in my classroom.

As a chemistry teacher, inquiry appeals to me because of the higher-ldsel skil
involved, the access inquiry gives students to science concepts, and the interest and
motivation it creates. For many of my English Language Learner (Eudgsts it gives
them a chance to be successful while developing vocabulary and writing s&illsmpt,
and often succeed in engaging students in an inquiry experience once or twate a we
At the same time | am aware of the pressures and constraints expeiretiee context
of a high school setting.

During and after college | worked for the Food & Drug Administration, fsst a
technician and later as an Analytical Chemist developing analytical mebigeeto(e.g.
Carson & Breslyn, 1996). During that time, | was involved in many researchssturdle
had a chance to work with scientists from around the world. As a result, | have my own
conceptions about research, the nature of science, and how scientific inquiry is done.
While this gives me a useful perspective and understanding of scienticaleseis
limited to one experience in one research context.

My experience as a Peace Corps Volunteer teaching science in thetiasfnor
Ghana, West Africa, is also an important influence on how | view teaching andescienc
education. In Ghana, high stakes tests serve as the means to decides who moves on in the
educational system. This creates a very competitive, exam-focused learning
environment, especially at the secondary level. As a new teacher | struggte@dre

my students for their exams and at the same time provide them with a useful and
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authentic view of how science is done. It was in this context that | started chintpa
career.

Today, while teaching high school chemistry in the Unites States, | anoctedr
with many of the same issues. Pressures created by testing, cuoongaeints, and
students with limited experiences with inquiry all present challengesh like my
experience in Ghana, | continue to try to maintain a balance. My reseanchayo
these experiences and a desire to understand how teachers think about and enact inquiry
and how professional development can support their efforts.

Over the past seven years of teaching, I've developed my own conception of
inquiry. However, like all teachers, my personality, the context in whicdchteand my
students, are unique. What may be important to me, work for my students, and be
supported by my school may not be the case for other teachers. As a res¢aneaas i
| need to step back and be careful not to impose my ideas, experiences, and@xpectat
on others.

Terms

Adolescent and Young One of 25 National Board certification are@sYA Science
Adult: Science includes students ages 14-18 and is awarded in four specialty
(AYA Scienge areas (biology, chemistry, earth/space science, and physics).

A series of six computer-based assessm@&ata(Analysis,
Assessment Center  Interrelationships, Fundamental Concepts, Change Over Time,
Exercises Connections in Science, Breadth of Knowledgé&he exercises
make up 40% of a candidate’s total score.

National Board
Certified Teacher
(NBCT)

A teacher who has achieved certification from the National
Board for Professional Teaching Standards
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NBPTS is an independent, nonprofit, nonpartisan and
nongovernmental organization. It was formed in 1987 to
advance the quality of teaching and learning by developing
professional standards for accomplished teaching, creating a
voluntary system to certify teachers who meet those standards
and integrating certified teachers into educational reform efforts
(NBPTS, 2009c).

National Board for
Professional Teaching
Standards

(NBPTS or NB)

The five central tenets of accomplished teaching, according to
NBPTS. They are:

» Teachers are committed to students and their learning.

» Teachers know the subjects they teach and how to teach
those subjects to students.

» Teachers are responsible for managing and monitoring
student learning.

» Teachers think systematically about their practice and
learn from experience.

» Teachers are members of learning communities.

NBPTS Core
Propositions

Adolescent and Young Thirteen standards that form the basis for portfolio construction.
Adult Standards Standards are also used as a basis for assessing portfolios.

AYA Scienceandidates must submit four portfolio entries:
Portfolio three describing and analyzing their classroom practice and one
documenting their accomplishments.

Portfolio Entry Two consists of 13 pages of description,
Portfolio Entry Two:  analysis, and reflection about engaging students in scientific
Active Scientific inquiry. The written commentary is centered on a 20-minute
Inquiry video showing teacher and students at different stages of the
inquiry activity.
Limitations
There are several important limitations for this study. The first eetate
participant selection. Although considerable effort was expended to randdealy se
participants for participant interviews randomly, it is possible that resporatent®t

fully representative of the population of NBCSTs from the 2007 and 2008 cohort

years. This is primarily a result of the volunteer nature of the selectiorsproce
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Further, it is possible teachers who were more confident in their use of inquay wer
more willing to participate in the study. This could result in a sample skewedl®war
participants with a more developed conception of inquiry. At the same time, it is not
anticipated that this will constrain potential conclusions. Data from this sample
would still be expected to exhibit differences across the factors beingigatedt
perhaps to an even greater degree, as teachers may be more willing and able to

discuss their conceptions of inquiry.

The use of NBCSTs limits the generalizablity of the study. NBCSTs
represent teachers who want to advance in the profession and are confident in their
abilities and chances at achieving certification. In short, they areizatedtand
goal-oriented group of participants with professional and financial incentives
succeed. As a result, a rich source of data on experienced teachers’ oonafepti
inquiry is available for study. This extends the range of contexts in which ingsiry ha

been studied and adds new knowledge to the field.

A third limiting factor may be how NBCSTs are influenced by the nature of
the certification process. In essence, candidates are trying tohmeettirements
set forth by NBPTS to achieve certification. This is actually a stnesfghe current
study; their portfolio entry provides an image of how teachers’ conceptions and
enactment of inquiry based on their understanding of reform documents and NB’s
version of inquiry (which is closely aligned with reform documents). This is then
augmented by the VOSTS instrument and participant interviews to develop a profile

of their own conception of inquiry.
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A final limitation may lie in the instrumentation being used. The portfolio
inventory was developed by the author, and while it has an interclass rtgliabili
coefficient of 0.84, the instrument has not undergone the extensive validation that
other instruments in the study have (e.g. VOSTS, NB Assessment Centesesyer
This limitation therefore required the use of multiple data sources to $teengt

validity.
Assumptions

The first assumption was that there are measurable differences in tre bsihg
studied (influence of subject area and content knowledge). For this to be the case,
instrumentation must have been sensitive enough to detect these differences.

Second, it was assumed that change was actually taking place as a result of
participants’ involvement in the NB certification process. For researdinediadtors
influencing teachers’ conception and enactment of inquiry, this assumption was not a
relevant. However, for determining how the National Board certification psadeers
teachers’ conception of inquiry, it was necessary for change to take plasgouP
research indicates that learning about inquiry does take place as a resuNBf the
certification process (Lustick & Sykes 2006; Park & Oliver, 2008); however, it is
possible that the learning will not be sufficient to alter teachers’ conceptions.

An additional assumption was that the instruments used in the study will be able
to measure the constructs they are intended to. Further, it was assumed that the
instrumentation will also be sensitive enough to detect differences at @atigasol
necessary to draw meaningful conclusions. This takes on added importance since there

were three different instruments being used in the study.
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Chapter Two: Literature Review

Introduction

A rich literature on inquiry, the nature of science, and teachers’ cooeeias
been established over the past several decades (Brickhouse, 1990; Keys & Bryan, 2001;
Lotter, 2005; Lederman, et al., 2002; McGinnis, 2000; McGinnis, Parker, & Graeber,
2004; Wallace & Kang, 2004). This literature formed the foundation on which this study
was grounded.

First, the term inquiry is defined. A clear and consistent definition of inquiry is
essential for analyzing teachers’ portfolio entries and generatingcarage profile of
their conceptions of inquiry. Inquiry is often depicted as consisting of procdsqiiel
inquiry) and understandings about science (the nature of science). Both protsess skil
and understandings about science are discussed. In addition to defining inquiry, a
substantial part of the section involves discussing the literature on the natuemoé sc
(NOS).

Having defined inquiry, the theoretical perspective used in this study is presented.
The framework of situated cognition supports the analysis and interpretation dfidoth t
guantitative and qualitative data by taking into account the social contexts surrounding
teaching and the communities in which teachers participate or have pagticipat

Extending from a situative perspective, teachers’ conceptions about inquiry, the
nature of science, and science teaching are considered. Specific eleciadts i
defining what is meant by “conceptions,” approaches for measuring and doagnenti
teachers’ conceptions, and the validity and reliability of the data collected and

conclusions made.
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Finally, with an understanding of how to access and measure teachers’
conceptions of inquiry it is possible to explore the factors influencing theseptas.
The main factors explored in this review are the influence of discipline (lyiolog
chemistry, earth/space science, and physics), teacher science conteatigeowahd
previous scientific research.

Inquiry and the Nature of Science

Much has been written about the history of inquiry from its beginnings with
Dewey (Dewey, 1910, as cited in National Research Council, 2000), to its resurgence i
response to Sputnik in the 1960s, and recently its central role in current reform
documents (NRC, 1996; AAAS, 1993; NSTA, 1995). DeBoer (2004) provides a
thorough and current account of the evolution of inquiry in science education. The
history of inquiry offers insights into both the theoretical and practical aspieiciguiry
and its place in science education today. While the history and role of inquirynoescie
education reform are important topics, the purpose in this section of the liteeatiesg r
is to develop a working definition of inquiry to inform and guide the current study.

Inquiry is often framed as consisting of both process skills and understandings
about the nature of science (e.g. NRC, 1996). Process skills include designing
investigations, collecting and analyzing data, etc. Understandings aboututteeafat
science consist of aspects of the philosophy and sociology of science, such as of the
tentative nature of theory or the role of creativity in experimentation. Togéther
process skills and understandings are intended to provide an accessible, autagetic im
of how scientists go about studying the natural world. According to the NSEGS, (N

1996), scientific inquiry:
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refers to the diverse ways in which scientists study the natural world and propose
explanations based on the evidence derived from their work. Inquiry also refers to
the activities of students in which they develop knowledge and understanding of
scientific ideas, as well as an understanding of how scientists study the natural

world. (p.23)

In the NSES inquiry is presentedAlsilities Necessary to do Scientific Inquiry
andUnderstandings about Scientific InquifpdRC, 1996).Abilities are primarily
process skills whil&nderstandingsleal with the nature of science. NBPTS address the
nature of science iBtandard Il: Understanding Sciencé is in Standard VII: Fostering
Scientific Inquiry where the process skills of inquiry are presented. There are a total of
twelve standards in th&®Y A Scienceertification area. Inquiry and NOS therefore make
up a considerable portion of the NB science standards.

In the present study inquiry was also separated into process skills (the NSES
Abilities to Do Inquiry and understandings of the nature of science (the NSES
Understandings The NB portfolio entry twoActive Scientific Inquiryprovided data on
teachers’ conceptions and enactment of the process skills involved in inquiayorDat
teachers’ understandings of the nature of science, which are not emphadizeNih t
portfolio, were accessed using the Views of Science-Technology-Sowatyment
(Aikenhead & Ryan, 1992). While the ability to do scientific inquiry and understanding
about NOS were separated for the purpose of data collection and analysis, it ianmpor
to keep in mind that they interact to form teachers’ visions of inquiry. In this study,
participant interviews were used to explore this interaction and provided addiaiaal

about teachers’ conceptions of inquiry.
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Inquiry

Defining inquiry is not a trivial task. Much of the meaning is context-specific a
it is not always possible to know what the speaker intended (Anderson, 2007). The
confusion about the meaning of inquiry may in part have a negative influence on its use
in the classroom. Deboer (2004) states

... but perhaps the most important reason why inquiry teaching has not enjoyed

more success is because its essential nature is often misunderstood

Even in the research literature there are considerable differences in how isquir
described. It often goes by different names: discovery learning (8/@3key, 1983),
project-based science instruction (e.g., Blumenfeld, Krajcik, Marx, & Solot@84),
and “minds-on” inquiry (Duschl & Gitomer, 1997). TNational Science Education
Standardwffer a useful vision of inquiry for this study. The standards were developed
over several years with considerable input from policy makers, reseatelaeisers,
parents, and others involved in science education (Collins, 1998). Considering the
thorough and inclusive process used to develop the standards, they can be seen as a
consensus document representing a vision of inquiry for K-12 science education.

For science grades 9-12, the NSES Content Standard A (NRC, 1996, p. 173-176)
provides guidance as to the abilities students need to do inquiry. These sixareas a
listed as headings in the standard and each is described briefly.

Abilities Necessary to do Scientific Inquiry
> Identify questions and concepts that guide scientific investigations.
» Design and conduct scientific investigations.

» Use technology and mathematics to improve investigations and communications.
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» Formulate and revise scientific explanations and models using logic and evidence.
» Recognize and analyze alternative explanations and models.
» Communicate and defend a scientific argument.
A criticism of the NSES was that it did not offer teachers a clear tefirof
inquiry (Anderson, 2007). In addition, it lacked abundant examples and practical
information for enacting inquiry in the classroom. The publicatidnadiry and the
National Standards: A Guide for Teaching and Learr(iNRC, 2000) was published as a
follow-up publication with a more practical emphasis on inquiry in the classroom.
Viewed together, the two publications provide both a description of inquiry and practical
examples of inquiry being implemented at the classroom level.

Anderson (2007) described three different ways the term inquiry is used in the NSES

» Scientific Inquiry— the ways scientists study phenomena and come to
conclusions.

» Inquiry Learning— the process by which students engage in inquiry.

» Inquiry Teaching- how teachers use inquiry in classroom instruction.

While these categories are not explicitly listed in the NSES, the distins
useful. In relation to Anderson’s categorization of inquiry, the present study used
portfolio analysis to focus on teachers’ conceptionsi@diry Learningandinquiry
Teaching The VOSTS questionnaire was employed to look at teachers’ conceptions of
Scientific Inquiry Participant interviews were used to clarify and probe both data sources
and to further investigate teachers’ conceptions of inquiry.

Underscoring the importance placed on inquiry in science education, the NBPTS
selectedActive Scientific Inquirgs one of the four portfolio entries required for

certification inAYA ScienceMuch like the AAAS and NRC documents, the National
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BoardAYA Science Standardecument represents a consensus view of inquiry (NBPTS,
2007). National Board Candidates are instructed to carefully read and frequdetiiore
the AYA Science Standardsile preparing their portfolio entries. For portfolio entry
two, Active Scientific Inquirythe most relevant of the thirteen standardatandard VII:
Fostering Science Inquiry
The secondary science standards, in parti@ti@ndard VI] are also a consensus
view of the components of accomplished teaching, and, not surprisingly, contain many of
the same themes as tAbilities for Doing Inquiryin the NSES document. Like the
NSES,Standard VlIplaces an emphasis on:
» asking questions and formulating hypotheses.
» making observations and recording and interpreting data.
» using technology in investigations.
» reaching conclusions based on data.
» communicating their results about their findings.
For example, according to the descriptiorstandard VI a good inquiry activity
(NBPTS, 2007, p. 40):
... allows active participation and student control over manipulating variables,
posing questions, and using technology and data analysis. Accomplished teachers
also select activities that engage students in using and improving their research
and communication skills, such as writing laboratory reports and preparing

presentations with graphs and visual displays

Because of the widespread acceptance of the NSES and their similarity to the

National BoardStandards for Secondary Scienttee inventory instrument developed for
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this study was based on the NS&Slities for doing Inquiry Based on the literature
reviewed here, use of the NSES vision of inquiry allowed for the construction of a
manageable and credible inventory tool to measure teachers’ conceptiomagahaamnd
goals of the abilities necessary to do inquiry. Further, it allowed for a craoipaf

teachers’ conceptions of inquiry with the consensus reform view.

Nature of Science (NOS)

There seems to be general agreement on what students should understand about
NOS (AAAS, 1989, Brickhouse 1990; NRC, 1996; Lederman, 2007). This includes
ideas about the tentative nature of scientific knowledge, subjectivity and wibyecti
science as a human activity, the role of theory and observation, creatity a
imagination, the role of culture, and the nature of progress in science.

Over time, views on the nature of science have changed and some points still
remain contentious. However, these are not necessarily relevant to K-12 students
(Lederman, 2007). Lederman argues that there is agreement on the elentents of t
nature of science that are relevant to pre-collegiate education. Theszemtéics
knowledge is tentative, empirically based, and subjective, involves human inference,
imagination and creativity, and is socially embedded. In addition, he inchules t
relationship between laws and theories and between observation and inferences as
important aspects of the nature of science.

Osborne, Collins, Ratcliffe, Millar, & Duschl (2003) found similar aspects to be
appropriate for school science in a Delphi study of the 23 international partcipant
included science educators, scientists, historians, philosophers, and others éxperts

their study they asked, “What should be taught to school students about the nature of
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science?” Nine themes emerged about the nature of science that were cbnsibere
essential for the pre-collegiate science curriculum. The nine themeSugienee and
Certainty, Analysis and Interpretation of Data, Scientific Method and Critical Testing,
Hypothesis and Prediction, Creativity and Science and Questioning, Cooperation and
Collaboration in the Development of Scientific Knowledge, Science and Technology,
Historical Development of Scientific KnowledgadDiversity of Scientific Thinking

In the development of the Views of Science-Technology-Society (VOSTS)
instrument, Aikenhead and Ryan (1992) focused the section on the nature of scientific
knowledge around eleven themes. These includeahee of observations, scientific
models, classification themes, tentativeness in science, hypothesis, thelames &
scientific approach to investigations, precision & uncertainty, logical reasoning,
fundamental assumptions for all science, epistemological status of scientific kngwledge
andparadigms vs. coherence of concepts across disciplihe® again there is
considerable overlap with the other researchers cited above.

Lederman, Abd-El-Khalick, Bell, and Schwartz (2002) also developed an
instrument to measure views of the nature of science. Based on open-ended questions,
the Views of Nature of Science (VNOS) questionnaire captures qualitatavalataut
teachers’ views of the nature of science. The instrument is intended to provide
information about the empirical nature of science, the scientific methodayetracture
and aim of experiments, role of prior expectations in experiments, validity of
observationally-based theories and disciplines, tentative nature of sciererenddf and
relationship between theories and laws, nature of scientific theoriespfuntscientific

theories, logic of testing scientific theories, creative and imagaatture of science.
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Because of the open-ended nature of the instrument it is necessary to conduatgollow
interviews to clarify and probe teacher responses.

Both the VNOS and VOSTS have important theoretical and practical
considerations, which are considered later in this review of the literature. veliowree
aspects of the nature of science measured by both instruments are consisteitt and bot
have been shown to capture meaningful data in the context of the current study. Because
the VOSTS requires considerably less time for participants to completewsma |
inference instrument, and yields comparable results, the VOSTS was usedaumrent
study.

Summary

In this section, inquiry has been defined to include both process skills and
understandings about the nature of science. Further, aspects of each have beegn detai
and the literature explored. These definitions served to guide the construction and
selection of instrumentation to measure teachers’ conceptions of inquiry, iatestig
factors influencing them, and to explore how the NB certification processtedas to
their change in participants’ conceptions and enactment of inquiry.

Situative Perspective

The situative perspective (Brown, Collins, & Duguid, 1989; Greeno, 1997; Lave
& Wenger, 1991; Putman & Borko, 2000) has been found to be a productive framework
for exploring contextually and socially rich settings. Because therdustudy focuses
on teachers’ conceptions, enactment, and goals for inquiry teaching, both context and

culture are important constructs. Three studies involving the situative persjzat
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inquiry are presented here to illustrate how the theoretical frameworkiatfesit

cognition informs data collection and analysis in the current study.
Crawford, 2007

Five prospective science teachers were studied during their fieldworkesqeer
teaching high school science (Crawford, 2007). The purpose of the study was to examine
how their beliefs and knowledge related to their enactment of inquiry teachingth®ver
one-year fieldwork experience, teachers were interviewed, observed, faxtsarti
collected. Using a multiple case methodology situated in teacherstpratata
collection and analysis focused on understanding how participants learned to tbach wit

inquiry.

In addition to the constructs of teacher knowledge and beliefs, situated learning
and cognitive apprenticeship were used to interpret the learning environment of
prospective teachers in the study. For Crawford, this theoretical perspsasv
appropriate because it addressed the interactions of the prospectivestaaeireieacher
mentors, and university staff involved in the program. Being situated within the
authentic context of the high school, prospective teachers are seen as tdkimg par

cognitive apprenticeship as they learn to teach science.

Several aspects of Crawford’s work are relevant to the current studg.hBirs
use of the situative perspective demonstrated that it is appropriate andefiecti
studying the complex and dynamic setting of a high school science classrecomdls,
the application of situated cognition to the constructs of beliefs and knowledgeventel

to the current study. Crawford found there is a connection between participastfs beli
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and their actual teaching with inquiry. This suggests that NBCSTs’ concephions

inquiry also influence their practice.

Caution is necessary in translating findings to experienced teachers such as
NBCSTs in the current study. First, unlike most new teachers, NBCSTs are not
grappling with issues of classroom management. In addition, they do not have the
constraint of having to work within the context and culture of another teacher’s
classroom as do the prospective teachers in Crawford’s study. Therefore, éhé curr
study extends our understanding about experienced teachers’ conceptions and enactment

of inquiry in a more typical classroom environment.
Friedrichsen & Dana, 2005

This study of four highly regarded biology teachers (Friedrichsen & R&0&)
investigated participants’ orientations towards science teaching. &ioestwere
defined as teachers’ knowledge and beliefs as they related to teachmgesclio access
these orientations, researchers used a combination of interviews, classroosatiiose
and a card sorting task. A particularly relevant finding was that teadietiefs about
students and learning are situated in the physical and social contexts of the $ti®ol
finding is consistent with other research on teacher learning and supports thehese of t
situative framework to study NBCSTs’ conceptions, enactment, and goaladbimig

with inquiry.

In describing influential contextual factors, Friedrichsen and Dana higbtighe
importance of the concept of time, something found to be important in the current study.

Time was found to be a major constraint in what teachers believed was passible t
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accomplish. As a result, teachers’ beliefs about time influenced theireteanhing

orientations, a factor | found in the current study.

Like Crawford, Friedrichsen and Dana included classroom observations in their
study. Their work is informative because it was not feasible to conduatodass
observations in the current study of NBCSTs. Specifically, their study sstabk
connection between teacher orientations, enactment, and the situative framewd&. Unl
Crawford’s study which consisted of prospective science teachers, thehigklypf
regarded biology teachers is of a higher relevance to the current studywidepr

support that the situative perspective will be effective for studying NBCS
Schwartz, Lederman, and Crawford, 2004

In a study of thirteen preservice secondary science teachers, S¢hwderman,
and Crawford (2004) investigated the development of participants’ conceptionsSof NO
as a result of a science research internship. Preservice teachersaaedenpth a
scientist at the university where the study took place. The authors note that, bdmeed on t
situative perspective, it is often assumed that learners will develop an andergtof
NOS by taking part in experiences situated in authentic scientific cent€keir study
explores factors that helped participants develop their understanding of NO& ttheri

internship.

Building on previous research, Schwartz, Lederman, and Crawford found that
simply being involved in authentic scientific experiences was not suffietdgvelop
participants’ conceptions of NOS. Explicit opportunities for participants lectefere

necessary in addition to providing an authentic context. Further, they found that more
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reflective participants were more likely enhance their understanding 8fdd@ng the

internship.

The study initially seems to contradict the situative perspective; inyartithe
idea of cognitive apprenticeships. Even when situated within an authentic nesearc
setting, participants did not learn about NOS without explicit opportunities éztrefl
upon the experience. However, when these opportunities existed, participants did
develop in their understanding of NOS. Since the current study involved inquiry and
NOS, these findings support the notion that the National Board certification pvatiess
result in changes in teachers’ conceptions of inquiry due to a strong veflecthponent

of the NB certification process.

Summary

The articles described here provide support for using the situative perspective t
study NBCSTs’ use of inquiry. They highlight the role of physical and sociaxtsnn
teachers’ beliefs and orientations towards inquiry, point to the role of discourse
communities and cognitive apprenticeships in learning to teach with inquiry, and
underscore the importance of reflection in teacher change. Perhaps mostrttyporta
they provide examples of how the situative perspective has been used in the study of
inquiry, science teaching, and NOS.

Teachers’ Conceptions and Enactment of Inquiry and the Nature of Science

The termconceptions used frequently in research on inquiry teaching. Often it
is used alongside words likeliefs views orientations andideaswhen describing
inquiry teaching and learningnquiry itself often has different meanings depending on

the person and context in which it is used (Anderson, 2002). These meanings can be
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thought of as the speaker’s conception of inquiry in that specific context. This section
examines the construct cbnceptioras it relates to inquiry, both the process skills (the
inquiry aspect) and understandings (the nature of science aspect). In addition, the
relationship between teachers’ conceptions and enactment is explored archresear
teacher learning in the context of the NB certification process is prdsente
Conceptions, Beliefs, Views, Orientations, and Ideas about Inquiry

Common to research on inquiry are terms suatoaseptionsbeliefs views
orientations andideas. A closer look at how each is used in the literature guided the
development and design of the investigation and the communication of findings.

In an in-depth study of three secondary science teachers, Lotter (2005) built
upon a model consisting of a limited numbecoffe conceptionsThe idea otore
conceptionss a useful theoretical construct that can be used to describe the fadtors tha
influence their science teaching. According to Lotter these are teakhewledge and
beliefs about science, the learning process, students, and effective instrictid_otter,
the termconceptions made up of both knowledge and beliefs.

The Views of Nature of Science questionnaire (Lederman, et al., 2002) iedeport
to provide a meaningful and valid tool to assess conceptions of the nature of science. In
this case, the termgewsandconceptionsare synonymousBeliefis not used. Research
literature on the nature if science is consistent in its use of the ¢emasgptiongand
views(e.g. Akerson & Hanuscin, 2006; Schwartz, Lederman, & Crawford, 2004;
Trumbull, Scarano, & Bonney, 2006).

In a study of how pre-service teachers conceptualize inquiry, Windschitl (2004, p.

481) states:
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Despite the ubiquity of the term “inquiry” in science education literaturdelig
known about how teachers conceptualize inquiry, how these conceptions are
formed and reinforced, how they relate to work done by scientists, and if these
ideas about inquiry are translated into classroom practice.

In this description, @nceptionsandideas about inquirgre synonymous.

Friedrichsen and Dana (2005) use the ter@ntationsin their study of highly
regarded biology teachers’ science teaching orientatiOngntationsare defined as
“teachers’ knowledge and beliefs about the purposes and goals for teaching.cience
Their definition oforientationsis similar to Lotter’s description @onceptions,
consisting of knowledge and beliefs.

The construct obeliefhas been the focus of a wide body of research and
teachers’ beliefs are seen to play an important role in instructional cliNiegsor, 1987;
Pajares, 1992). Kane, Sandretto, & Heath (2002) called belnefsrfes in actiori
Jones & Carter (2007) defined beliefs as beintggral to larger belief systems that
include self-efficacy, epistemologies, attitudes and expectdti@esause of the
substantial body of research on inquiry, the construbtléfcan provide theoretical
guidance for the present study and is carefully considered in the lieeratew.

Wallace & Kang (2007) found that teachers often hold two different belief
systems about inquiry teaching. This literature suggests that NBC§Talsnaold
different conceptions about inquiry depending on the context. In an earlier stlldgaVa
& Kang (2004) found two major belief strands about inquiry in a multiple within-case
study of six experienced high school teachers. Operating from a socialkcultur

perspective, they found teachers’ beliefs about factors constraining theiringairy
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tended to be more public and originated from school culture. Beliefs that promoted
inquiry tended to be more private and centered on what teachers believed about
successful science learning.

Wallace and Kang's findings also support the assertion that teachers can have
more than one conception of inquiry based on the contexts in which they teach. In the
current study science disciplines are the primary context investigatedefdre,
teaching classes in more than one disciplinary context can result inrtifereceptions
and enactment of inquiry, something found in the current study.

Investigating experienced secondary science teachers, the work of \allace
Kang aligns well with the current study, suggesting NB teachers also hold ¢onsept
that can exist both publicly and privately. In addition, their work also supports the
possibility of multiple conceptions based upon science discipline. As a result,
instrumentation was designed to access and measure these multiple conceptions.

Summary

In the current study, the teroonceptions used to describe the meanings teachers
give toinquiry. Based on its usage in the literatw@nceptiorhas a broader scope,
including beliefs and knowledge. However, like the other terms used, it is contextual.
Therefore the meanings teachers give in their own teachinthase used in the context
of the National Board certification process must both be considered. Furthigplenul
conceptions are likely for teachers teaching in more than one discipline. leifother
necessary to be sensitive to the context in which teachers are destwnirmgpnceptions

of inquiry.
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Conceptions and Enactment of Inquiry and the NB Certification Process

In the context of the NB certification process, Lustick and Sykes (2006) found
that teachers learn from the construction of their portfolio. In their study of 120
candidates for thAYA Scienceertificate they found quantitative evidence that portfolio
preparation had a significant impact upon candidates’ learning. Of the thirteen NB
standards they found that the greatest learning occurred in the areas of inquiry and
assessment. This research supports the use of NBCSTs as a productive souaderof dat
understandings teachers’ conceptions, enactment, and goals for teachimgjuiiy.

Lustick and Sykes used both qualitative and quantitative data to explain why the
greatest improvement took place in inquiry and assessment. Using interviewrdsmme
they found that inquiry was a new form of teaching for many NB candidatesd Bas
interview data Lustick and Sykes hypothesized that the learning took plgeky lar
because the portfolio guidelines and requirements provide a framework for seacher
plan, design, and implement inquiry in the classroom. Quantitative data also supported
their claim. Based on gains in pre and post scores, teachelsaarary to align their
practice more closely with National Board’s conception of scientific inquiry and
teaching”

Viewing these findings through adfficial andpersonalconceptions perspective,
portfolio creation is largely in the realm of tbfficial. Teachers are using documents
provided by the NB, which represent the consensus view of inquiry, to produce their
portfolio. To a large degree they are trying to reproduce the reform vision ofyinquir

The notion is supported by the finding that the NB portfolio process often results in
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teachers aligning their practice with the reform vision of inquiry (Lusticky&es,
2006).

Inquiry was only one of the thirteen NB standards investigated by Lustick and
Sykes. Because of the amount of time spent assessing the other standardss the foc
inquiry was necessarily limited. A larger limitation in the study is thesoreanent of
teacher learning based on pre and post measurements using rubrics and procedures
created by the NB to score portfolios. Since the study was designed to deteeschang
teachers’ learning from the portfolio process, evidence of learning wasime@asing
NB rubrics and procedures. As a result, teacher learning aligns with thend&ption
of inquiry. In other words, it represents tiféicial view of inquiry. Largely absent from
the study are teachengérsonalviews of inquiry, something explored through participant
interviews in the present study.

A further limitation, as it relates to this study, is that the differencegelea
biology, chemistry, earth science, and physics teachers were not inesstigaerefore,
while the knowledge that learning is taking place supports the assertion thaligoortf
construction is an active process where teachers are spending consitemblal effort
to document and reflect upon their teaching, it does not contribute to understanding
differences across science disciplines.

Since learning was measured using the same metrics used in the NBatiertif
process, there was a reliance on the NB vision of inquiry. This may also have efluenc
the conclusions reached about teacher learning and inquiry. Due to the largersmfmber
biology and chemistry teachers in WA Scienceertificate it is likely the teacher

learning described applies primarily to teachers in those disciplines. Agaiiplinary
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differences were not a part of the design and analysis of the study so it is nadeggoss
know what influence this may have had.

Additional support that thAYA Scienceortfolio construction process represents
a rich source of information about teachers’ conceptions and enactment of inquiry can be
found in Park and Oliver’'s multiple-case study of three NB candidates. Park and Olive
(2008) investigated how the NB certification process influenced the pedagagitahic
knowledge (PCK) of three high school chemistry teachers working towardscedidii.
The study found that inquiry-oriented instruction was one of the five main agpects
PCK development affected by the NB process. This work supports the findings of
Lustick and Sykes that teacher learning can occur through portfolio creation.rFtrthe
adds support through the analysis of additional data sources such as classroom
observations, interviews, teacher reflections, and field notes.

Measuring Teachers’ Conceptions and Enactment of Inquiry

As described earlier, inquiry can be thought of as processes or abilities and
understandings about the nature of science. Therefore measurement must take into
account both aspects. In the current study, the processes or abilitieseastead
through analysis of the NB portfolio while the understandings were measuredhgsing t
VOSTS instrument. Semi-structured interviews were then used to clapignexand
further develop an understanding of teachers’ conceptions of inquiry. This section
describes the literature on NB portfolios, instruments used to assess teaehesrsn
the nature of science, and the use of semi-structured interviews to accesssteac

conceptions of inquiry teaching and learning.
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Analyzing Portfolios

Portfolios provide a rich source of information on NBCSTs’ conceptions,
enactment, and goals of inquiry. Recent research has shown that materidsdotovi
candidates by NBPTS to guide portfolio construction can be a source of teacheglearni
(Kowalski, Chittenden, Spicer, Jones, & Tocci, 1997; Rotberg, Futrell, & Lieberman,
1998). Further, portfolios represent an image of NBCSTSs’ best efforts to partray a
highlight their use of inquiry. However, the very nature of the NB portfolio psozas
result in NBCSTs trying to mirror the vision of inquiry found in the NB standards,
portfolio guidelines, and rubrics. For these reasons some researchers havaejlies
whether portfolios accurately represent the character of the teacher imguctakes
environments (Placier, Fitzgerald, & Hall, 2001; Snyder, Lippincott & Bower, 1998)

In current study, the portfolio entActive Scientific Inquirys used to access
teachers’ conceptions of the abilities or process skills necessangfoni. Further, it is
theorized that the portfolio represents teachaff&tial conception of inquiry, developed
from their expectation of what is required of them to achieve NB ceridficatn this
respect it does not represent thggrsonalconception of inquiry, something that will be
measured by participant interviews in the current study.

It is assumed that the NB portfolio primarily representsféaial conception of
inquiry found in the reform documents. These documents, specifically the NSES (NRC,
1996), were used to develop the inventory instrument used to assess portfolios. For
science, grades 9-12, the NSES Content Standard A (p. 173-176) provides guidance as to
the abilities students need to do inquiry.

» Identify questions and concepts that guide scientific investigations.
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» Design and conduct scientific investigations.

» Use technology and mathematics to improve investigations and
communications.

» Formulate and revise scientific explanations and models using logic and
evidence.

» Recognize and analyze alternative explanations and models.

» Communicate and defend a scientific argument.

Portfolios are effective and productive means of studying teachers’ thiskehg
enactment of inquiry. Viewing the NSES as a consensaSiocial conception of
inquiry, the above six topics were used to develop the inventory instrument used in this
study. The dimensions of each topic were further developed using the descriptions

provided in the NSES.

Teachers’ Conceptions of Nature of Science and its Measurement

Numerous instruments have been developed to measure students’ and teachers’
views of the nature of science (Lederman, Wade, & Bell, 1998). Based on the goals of
the current study and validity and reliability considerations, two instrumemnésnm@st
appropriate for the present study. NMiews of the Nature of Science Questionnaire
Version C (VNOS-C) and a section of tieews on Science-Technology-Society

(VOSTS).

The Views of Nature of Science Questionnaire, Version C (VNOS-C)

The VNOS, an open-ended questionnaire, can provide rich, descriptive data on

teachers’ views of the nature of science. There are several versidablayvaowever,
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the VNOS-C was selected based on its depth and appropriateness for secoadegy sci
teachers. VNOS-C is made up of ten questions assessing teachers’ views améhaf nat
science.

Content and face validity were established for the instrument using an expert
panel made up of three science educators, a science historian, and a scieifdisiy @
the validity of previous instrument (VNOS-A and VNOS-B), the VNOS-C was found to
produce valid results when used in conjunction with follow-up interviews (Lederman et
al., 2002). The authors of the instrument suggest that a large number of participants be
interviewed for researchers new to using the instrument. The number can bel lasvere
the researcher becomes more familiar with the instrument.

The open nature of responses provides rich data about teachers’ conceptions about
the nature of science. This was evident in the pilot of the current study where
participants wrote an average of 1300 words in response to the ten questions. However,
it was evident from the data that follow-up interviews would be necessary to make val
distinctions about teachers’ views of the nature of science.

The use of an open-ended questionnaire overcomes several criticisms of
standardized instruments. First, with standardized items it is assumedrtltbgnts
will perceive the question in the same way as the researchers (Aikeilaoh, 1992;
Lederman & O’Malley, 1990). Second, the biases of the developers are oftetedeitec
the development of the instrument (Lederman et al., 1998). Open-ended questions allow
participants to provide views that are less constrained than with a standardized}, for

choice instrument.
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The very open nature of the VNOS instrument has several drawbacks. First, there
is a considerable amount of inference involved in analyzing the meaning oijaattic
responses. In many cases the instrument does not provide a clear indication af whethe
participants have naive or informed views. In these cases a follow-up int&view
necessary. From a practical standpoint the instrument takes longer for patitipa

complete and longer to analyze than standardized instruments.
Views of Science-Technology-Society Questionnaire (VOSTS)

The VOSTS (Aikenhead & Ryan, 1992) is a multiple-choice instrument made up
of 116 questions. Of these, 24 are related directly to aspects of the nature @&f séienc
major difference between the VOSTS and other instruments was in the stutentd:e
empirical development of the instrument. As a result, the instrument retairts a hig
degree of validity.

The content validity of the VOSTS was established through the use of literature
on the nature of science and by looking at the theoretical models used to validate earl
standardized instruments (Aikenhead & Ryan, 1992). Further, the instrument developers
used empirical data from student responses to guide development. The VOSTS has als
been used to access conceptions of the nature of science held by pre and in-service
teachers (Botton & Brown, 1998; Huann-shyang, 2002; Tairab, 2001, Zoller, Wild, &
Beckett 1991).

There are several advantages, both pragmatic and theoretical, in ust@She
in the current study. From a practical standpoint the forced-choice nature of the
instrument takes less time to administer than free-response instrumentsaliyses as

also simplified, as results require much lower inference about participasgpenses.
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Consequently less time is needed for follow-up interviews. From a theostindpoint
the VOSTS allows for the use of parametric statistical procedures, sngettieasily

accomplished with free-response instruments.

Several disadvantages also exist. First, the use of a multiple-choic¢ fesuoits
in responses that are not as extensive and rich as a free-response instrument. Whil
interviews can be used to access this information, this itself esserdgmllys in a free-
response instrument. Second, the authors of the VOSTS do not provide clarification on
what constitutes an adequate view of the nature of science. This placeinsita the
interpretation that can be made from data (Lederman, 1986). Finally, thenastrwas
developed in the context of North American participants and should only be considered

valid in that context (Lederman, 1992).
Interviews and Teachers’ Conceptions of Inquiry

In conjunction with data from portfolio and nature of science analyses, thatprese
study used semi-structured interviews to access teachers’ conceptioggiof. i
Building on the framework adfficial andpersonalconceptions developed earlier in the
literature review, interviews can broaden our understanding and allow us to aeswer n
guestions.

Interviews provide rich sources of data that would be difficult or impossible to
access using survey or portfolio analysis methodologies. Further, theyaialiskgtust
through more personal contact, gain access to more subtle shades of meaning, and are
flexible enough to follow new lines of thought and ask probing questions.

The current study used a semi-structured interview technique. This method of

data collection can capture teacher thinking about teaching that is nobkvtitaugh
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other means such as direct observation (Patton, 1990). Others researchers have used
semi-structured interviews (Luft & Roehrig, 2007), interviews involving edoicati
scenarios as prompts (Lustick & Sykes, 2006) and interviews centered on scaipaiitos
science learning (Hewson et al., 1995).

In a study of one hundred and twenty NB candidates, Lustick and Sykes (2006)
used phone interviews to reproduce a modified version of the NB portfolio. For the
interviews teachers were provided with a six-minute video, student artdéactseveral
hypothetical teaching situations. Relevant to the current study is the ugmtidtical
teaching situations to encourage teacher thought about science teachingtidn,dbdi
use of phone interviews was shown to produce rich and meaningful data in a context
similar to the present study.

Once complete, interviews were transcribed and assessors trained fadyhe st
scored participants’ responses across the thirteen NB standafdsA@cience The
interview protocol was successful in identifying statistically sigaift changes in
teacher learning, specifically in the areas of inquiry and assessmanevet, inter-rater
reliability was measured at 0.458 between the three assessors. Thists@ése to
moderate reliability in social research. Nonetheless, the work of LuskicBykes
demonstrated that it is feasible to measure teacher learning and obsulgeg from the
NB certification process using interviews.

Using a semi-structured interview Luft and Roehrig (2007) developed the
Teachers Beliefs Interview (TBI) to use with beginning secondary scteachers. The
interview protocol was designed to investigate teachers’ epistemolodiieds$ ladout

science teaching. The instrument was further developed and refined throughtase iter
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process and led to the development of maps that enabled the researchers to follow the
development of science teachers. The semi-structured interviews wetdeabasnd

eight questions designed to access the beliefs of the teacher and provide dpgsortuni
probe their beliefs about science teaching. Their work provides a detaileghtitasof

the process used to develop and refine an interview protocol, providing insights useful for
enhancing the interview protocol used in the current study.

Hewson et al. (1995) used interviews to study teachers’ conceptions of teaching
science. Using th€onceptions of Teaching Science Intervatocol, interview data
for twelve experienced secondary science teachers (biology, chemstphsics) was
collected, coded, and placed in a grid for analysis. Themes emergindv&@natysis
were explored through a detailed interpretative summery.

The interview protocol consisted of ten events or scenarios for teachers to
consider and discuss. The events represented instances where science legrhangem
been taking place both in and out of the classroom. Teachers are asked to intdrpret eac
event and state whether the thought science teaching was taking placesulthregre
interview data was then analyzed to determine their conceptions of sciencegeachi

Based on a constructivist framework, Hewson et al. (1995) maintained conceptual
structures representing teachers’ conception of science teaching arepnafd
classroom events, instructional concepts, socially approved behaviors, and explanator
patterns. Further, knowledge of subject matter, the learner, instruction, and egrEex
all related to teachers’ conception of science teaching. The importacoetexkt

emerged as both a limitation and a strength in the study.
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Of importance are the limitations involved in using a protocol such as the
Conceptions of Teaching Science Intervié¥erhaps most noteworthy is the often
ambiguous nature of the ten events discussed in the interview. The structure of the
interview allows teachers to choose the context in which the events are discussied. Whi
the authors consider this a strength of the protocol, resulting rich data fggisinalcan
lead to multiple contexts and make comparisons problematic. Further, with @ saepl
of ten teachers, the limitation is compounded. While the study did not addresssteacher
conceptions of inquiry, it does highlight the importance of the context from which

teachers are speaking.

The current study placed an emphasis on context through the design of the
interview process. Specifically, it considered the context in which NB tesaahe
discussing inquiry. The two primary contexts were whether they are descnguigy
from the NB perspective (thadficial context) or as it relates to their own day-to-day
teaching (thgoersonalcontext). Further, portfolio, Assessment Center scores, and the
VOSTS instrument, provided multiple and varied data sources to support data

interpretation.
Summary

A review of the literature provided guidance for studying teachers’ coanerauif
inquiry. Through the use of portfolio analysis, survey data analysis of partgipan
beliefs regarding nature of science, and a detailed interview dataigntlgscurrent
study employed a variety of data sources and instrumentation to answer thehresea
guestions. The analysis of portfolio entries provided data on how teachers think about

and enact the abilities necessary to do inquiry. The VNOS questionnaire and VOSTS
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instrument accessed teachers’ understanding of the nature of sciencly, $enal

structured interviews explored the factors influencing teachers’ conceptiorguoli

and their interrelationships. Further, they provided data on how the NB process allowed
teachers to modify and articulate their vision of inquiry.

Factors Influencing Teachers’ Conceptions of Inquiry

Three factors influencing teachers’ conceptions of inquiry are expiortéis
section. These were selected for study due to their importance and gaps sedhehre
literature. The domain knowledge of science by disciplines (biology, chemistry,
earth/space science, physics) is the least researched factor, posstblyhadue
compartmentalization of research on inquiry. While there is more research ect subj
matter content knowledge in general, its relation to inquiry is limited. Finally, the
literature on previous scientific research experiences and theionelatinquiry teaching

is explored.
Science Discipline

Schwab (1968) used the terssitacticalandsubstantiveo describe the structure
of a discipline. Syntacticaknowledge refers to the methods of a discipline that are used
to construct knowledge; for example, the use of theories to generate newdgmwate
theory building based on experimentation and evidence. The concepts of a discipline and
their relationships are describedsabstantiveknowledge. In the current study it was
speculated that differences in both syntactical and substantive knowledgeswiiline
different approaches and conceptions of inquiry teaching.

Grossman & Stodolsky (1995) argued that in order to analyze reform efforts in

secondary schools we must develop a better understanding of the subject matter
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differences. Using survey and interview data Grossman found that high sclobelsea

are members of subcultures with different beliefs, norms, and practices. Altheugh t
findings are not specific to science and do not involve disciplines, this study does suggest
that differences may exist at the discipline level.

Domain knowledge provides a useful construct to explore the differences between
the disciplines. Alexander and Judy (1988) defined domain knowledge as the knowledge
held about a specific field of study. In the literature it has been ciil@din specific
knowledgesubject matter knowledgandcontent specific knowledgad is made up of
declarative, procedural, and conditional knowledge (Alexander, 1992).

Some fields consist of more extensive knowledge and tend more towards
fundamental principles than other fields (Schwab, 1968). For example, in physkss, ta
tend to be well structured with more readily verifiable knowledge. A potensisbne
that well-defined domains, like physics, have been the subjects of numerous studies
about student misconceptions is because a student’s response can be verified as correct
(Alexander, 1992). Reasoning along these lines, it is expected that NB teadlhers wi
hold different conceptions about inquiry related to how their discipline is strdcuace

how knowledge is tested and verified.

Alexander calls for more research into ill-structured domains of knowledge.
Research on teachers’ conceptions of inquiry across different discigtidego the
literature by describing the differences in discipline influence tescb@nceptions,

enactment, and goals of inquiry.

Using portfolio, VOSTS and interview data, the current study extended these

findings to the level of discipline in secondary science teaching, focusingidyan
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inquiry teaching. While there is minimal research in this area, researelatitire
departmental level indicates that differences may be found (Grossman & Byodols

1995).
Science Content Knowledge

In an article proposing a research agenda for inquiry teaching and learaysg, K
and Bryan (2001) call for more research into the knowledge base necessary for inquiry
teaching. They state:

Studies of teacher knowledge, including pedagogical content knowledge, nature

of science knowledge, curriculum knowledge, and student knowledge, will be

essential for developing preservice and in-service education for inquiry.

Of the four domains of knowledge discussed in the proposed research agenda, the
authors conclude that that the knowledge base needed for teaching inquiry may be an
important and underdeveloped area of research on inquiry teaching and learning. The
current study adds to this literature by quantitatively investigating howdesiGscience
content knowledge relates to the way they think about and implement inquiry and aspects
of the nature of science.

T. M. Smith, et al. (2007) maintain that limited research has been conducted on
the relationship between science teachers’ content knowledge and instructionzeHowe
he notes that the relationship has been shown to be positive in mathematics. To explore
the relationship, Smith analyzed data from the National Assessment of Educational
Progress (NAEP) instrument for eight grade science teachersd &asestatistical
analysis, a relatively strong association was found between teagbesf reform-

oriented instruction and content-oriented professional development. These findings
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highlight the importance of content knowledge for teaching with inquiry and stutdge
the current study will be able to describe how science content knowledges telate
different aspects of inquiry teaching.

In a study of ten in-service elementary teachers during a summermrdyr&.

Smith & Neale (1989) found improvements in teachers’ substantive knowledge.
However, the improvements did not take place with respect to their pedagogicat conte
knowledge. Based on their findings the authors state that teachers must thewplya “
principled conceptual knowledge of the conteatherwise the development of PCK is

not likely to take place. This research suggests that there is a connetiearbe

teachers’ content knowledge and practical teaching knowledge. In the curdsnt st
content knowledge was compared to teachers’ conception and enactment of inquiry. In
other words, a comparison of teachers’ content and pedagogical knowledge aboyt inqui
was made.

During the pilot study that preceded and informed the present study, science
content knowledge was also found to be of importance. In an interview with a biology
teacher, content knowledge was described at the most important aspect of the
certification process. In preparing for the NB Assessment Centaisesrshe studied
college texts and expanded and updated her biology content knowledge. As a direct
result, she then structured her portfolio entry ttjve Scientific Inquiryaround
enzymes and the importance of proteins. For her, enhanced science content knowledge

enabled changes to her teaching.

Brickhouse (1990) also noted the importance of content knowledge in her study of

three high school science teachers and their use of inquiry. Songer, et al. (2001) found
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low content knowledge to be one of seven observed challenges to inquiry pedagogy in a
study of barriers to using technology-rich science instruction in an urban settisg. |

clear that subject matter content knowledge has an important influence loerséase

of inquiry. The current study sought to explore how specific aspects of t8ache

conceptions and enactment of inquiry relate to content knowledge.

Previous Scientific Experience

Teachers’ past research experience also appears to influence ehaiinguiry
teaching. A number of studies support this idea, however they do not address the specific
aspects of inquiry and the nature of science that are related to previous atwestig
experiences.

In a multicase study of pre-service teachers, Windschitl (2003, 2004) found that
the single most important factor in their use of inquiry teaching was whather t
experienced an authentic inquiry experience as a professional or an undéegradua
Others (Bencze & Bowen, 2001, van Zee, Lay, & Roberts, 2000) have also suggested the
importance of experience with inquiry in teacher pre-service education.

The focus on pre-service teachers limits the generalizablity of Windshittly.

In order to more fully investigate this phenomenon, it is necessary to colladtatata
larger and more diverse group of teachers; for example, teachers who haweabbirgt
for some time, those entering the profession through nontraditional paths, or teachers
different subject areas. The current study adds to the theoretical knowleddm/ bas
extending research to a different population of teachers.

In a study using interpretive case studies of four “highly regarded” high school

biology teachers, Friedrichsen & Dana (2005) found that in addition to teachee$s beli
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about learners and the context of their classrooms, prior work also influenced their
teaching orientation. In the study, three of the four participants had pervienisfiec
research experiences (Naturalist with the National Park ServicearRleSeechnician in a
research laboratory, Research Assistant in a biology laboratory duringier'sidegree).
For these teachers, the experiences were identified as important iafiumntheir
teaching goals and strategies.

The use of exemplary teachers in the study allows for a more meaningful
comparison to the NB teachers in the current study. Because of the sirhg@neen
participants, it is expected that prior experiences will have some influeneadhrets’
conception and enactment of inquiry teaching. The current study focused sfig@fic
teachers’ conceptions of inquiry teaching rather than science teact@ntabons in
general. Based on the work of Friedrichsen & Dana it was expected that previous
research experiences would be influential.

Building on the recognized importance of previous investigative experjghees
current study examined how these experiences influence specific aspeetshefrs’

conceptions of inquiry and the nature of science.

The literature provides a basis for developing working definitions of inquiry, the
nature of science, and teachers’ conceptions. Because teachers’ conegyptions
enactment of inquiry take place in the complex and interrelated contexts ohtdw and
classroom, it is essential that appropriate methodologies and instrumentecesise

The literature reviewed here provides support for the development of thesehdseks.
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Summary

Science content knowledge and previous scientific experiences have been found
in the literature to influence teachers’ use of inquiry. In addition, subjettma
discipline has also been seen to influence teaching. However, little reseatgslnexis
field of science education and inquiry. The literature provides a starting point f
investigating factors that may influence NBCSTs’ conceptions, eeattand goals for

inquiry.
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Chapter 3: Methodology

Overview
Teachers’ conceptions of inquiry can be thought to arise from both cultural and
personal beliefs (Wallace & Kang, 2004). Viewing the current study frayoiacsiltural
perspective informed by the use of a situated cognition framework providedres o
describe and explain factors influencing teachers’ conceptions, how they deveieped, t

process by which change takes place, and potential barriers.

The framework of situated cognition was used in the methodological development
of this study of National Board Certified Science Teachers. Three logméistions were
investigated. First,Mow does a National Board Certified Science Teacher’s science
discipline (biology, chemistry, earth science, or physics) influence theiepbons,
enactment, and goals for inquiry-based teaching and leariiiBg@ond, teachers’
science content knowledge was related to their use of inquiry to addresstrelres
guestion,'How does science subject area content knowledge influence teachers’
enactment of inquiry-based teaching and learnirkgfally, building on question one, the
process by which conceptions change was investigated by agkimg,did the National
Board certification process alter teachers’ conceptions of inquiry?

Because teachers may hold more than one conception of inquiry, it is important to
understand the sociocultural context in which teachers conceptualize inquiry. This
includes a social and physical context along with consideration of the communities in
which teachers work and live. In their study of six experienced high schawtecie

teachers, Wallace & Kang (2004, p. 939) stated:

61



Our goal was to explore the integration of cultural beliefs and individual beliefs

as they impact decisions about inquiry-based science teaching

The current study also held a similar goal of investigating how the sodiahdiridual
contexts of teaching influence teachers’ use of inquiry. Combined with inter\viesv

instrumentation provided rich data from multiple and varied sources.

In this section, the research settings and participants will be described, a
procedural framework and instrumentation will be presented, and data analyisées w
addressed. Finally, participant confidentiality and a timeline for the stilidye

provided.
Research Setting

The current study consists of a number of elements being used in a variety of
settings. These include teachers’ NB certification experiences, donpdé the VOSTS
instrument and, finally, phone and e-mail interviews. Each of these settings has unique
characteristics that relate to both the participating teachers angéeftgata being
collected. This section will detail each setting with an emphasis on iti®mneta the

research questions.
Portfolio Entry Two: Active Scientific Inquiry

Prior to the study, NBCSTs have engaged in a one-year time span effort involving
planning, teaching, writing, and finally submitting their portfolio. Portfolio aosibn
was completed prior to participants being invited to take part in this research.

Portfolios are created in the context of teachers’ schools and classrooms.

NBCSTSs’ portfolio construction consists of planning, teaching, and reflecting on their
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own teaching and students’ learning. The content of teachers’ portfoliosetwiimg

and student work, are generated in the context of their classroom and school. In most
cases, teachers analyze the content and write the portfolios in their homésesraiff
school.

For entry twoActive Scientific Inquiryteachers must videotape themselves
teaching a lesson in which their students engage in inquiry. The videotape i3 {onite
20 minutes and is made up of three sections which can be from different days in the
inquiry activity. However, all three segments must be from the same clesisonS
include students planning an investigation, collecting data, and analyzing and iimegrpre
the results. It should be noted that the classroom setting included the presevicdeof a
camera.

Teachers may also participate in support groups with other teachers undergoing
the certification process and teachers who have already achieveidatetif However,
NBPTS has strict guidelines about viewing portfolios of former candidd®BTS,
2009d). NBPTS also provides extensive support in the form &ttredards for
Accomplished Teachin®dBPTS, 2007yletailed portfolio construction guidelines, and
rubrics used to score entries. These provide detailed, science specific iihorimat
teachers as they plan, teach, and write their portfolio entry.

The creation of teachers’ portfolios takes approximately one year (k@stic
Sykes, 2006). Teachers normally do most of the work starting in the fall semistar
submission deadline of March8&et by NBPTS. It is been noted that teachers spend up

to 400 hours on the four entries that make up the portfolio (NBPTS, 2009a).
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Assessment Center Exercises

TheAYA Scienceortfolio focuses on accomplished teaching and does not
provide a measure of teachers’ science content knowledge. To do so, the NB administers
a series of six 30-minute Assessment Center exercises, usualkgafieers have
submitted their portfolios. Candidates have a timeframe in which they are abke t

these required assessments.

Computer-based assessments are conducted at testing centers locatetharoun
United States. A tutorial is available on the web to help candidates becorhar fath
the software used to administer the exercises. The setting is typicdlrg tesnters
administering tests such at the GRE or Praxis. Testing centers provid,a qui
comfortable, computer-based testing environment with an emphasis on a consistent

protocol and test security.
Interview

Interview data collection was conducted by phone at a time convenient to the
participant. Phone data collection allows for a sample from across the US, adoount
teachers’ busy schedules, and is appropriate for the data being analyned. was used
for follow-up questions and areas that needed minor clarification. On average, each
participant took part in two follow-up conversations, either by phone or e-mail.

For the semi-structured phone interviews, teachers were often at their @claoo
planning period or at their homes. Permission to record the conversation was requested
at the beginning of the interview. The interview setting was not uniform across

participants; however, this is not thought to have influenced data collection.

64



Participants

Participants were selected from a national population of National Boariekerti
Science Teachers (NBCSTs) from the 2007 and 2008 certification cohorts. One pilot

participant was from the 2006 cohort.

All participants had successfully completed NB certificatioAdimlescent and
Young Adult: Scienceln addition, participants held a bachelor’'s degree, possessed a
valid state teaching license, and had completed a minimum of three fulbyeé@ashing
at the time of their participation in the NB process. Participants weretsglusing a
stratified random selection procedure based on their science discipline (biology
chemistry, earth science, or physics).

National Board Certified Science Teachers (NBCSTSs) represent the fapula
for this study. They have successfully completed a rigorous, reflectiveingiorm
professional development experience. Because of a substantial and unifamariteat
NBCSTs are an ideal population for study. From this population, a subpopulation of
NBCSTs with certification ilAdolescent and Young Adult: Scierfican the 2007 and
2008 cohort was selected. All participants in this group completed the NB portfolio ent
Active Scientific Inquiry In addition, all received identical portfolio instructions and
assessment exercises during the certification process.

There are three parts in this study, each building on the findings of the previous
phase. First, a pilot study was conducted with three participants to test grsation,
interview protocols, and analytical techniques. Second, quantitative data watedollec

though the analysis of 48 NB portfolio entriéstive Scientific Inquiryfrom the 2007
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cohort. Based on results from the quantitative analysis, twelve NBCSTs were

interviewed from the 2008 cohort.

Maturation effects are not thought to threaten the validity of the study since
teachers’ conceptions have been found to be stable over time (Pajares, 1992). As a resul
participants’ conceptions are not expected to change between the treatdheatsa

collection.

Procedural Framework

The pilot study consisted of three NBCSTs selected from the 2006 and 2007 NB
certified cohorts selected using stratified random sampling. This sammditigpd
ensured equal numbers of participants from the different science domain discipline
(biology, chemistry, and physics). Earth science was not included in thelysgiod a

limited pool of accessible candidates.

Phase I. Portfolio Analysis

The first phase of the procedural framework consisted of the analysis of 48
portfolio entries. Portfolio analysis took place over three months during the summer and
fall of 2008. Portfolios were read a total of four times and an Interclass &mrmel

Coefficient (ICC) was calculated after the final reading.

First, portfolios were read and scored using the Portfolio Inventory Instrument
(PI) developed and tested in the pilot study. Scores were later used in gieakati
analysis of how teachers’ enactment and goals of inquiry differ acreseedisciplines
after the last reading of portfolios was complete. Once the initial aags complete,

a refinement of the PIl was conducted to address any ambiguities within the
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instrumentation. Emerging themes of participants’ enactment and goatgiofiwere

assigned initial codes during analysis. As coding progressed these themmesfimed.

A second reading of portfolios took place and PII scores were then compared with
those from the first reading. Any discrepancies between the two scorangnsesere
investigated and when necessary changes were made to clarify thel PAlso in the
second reading, emerging themes of teachers’ enactment and goals ofwegairy
further refined and consolidated. During the third reading a similar pra@sss

conducted resulting in further refinement of data collection and themes.

A fourth reading was conducted to produce the final scores that were used in the
statistical analysis. In addition, major themes in each participardtdraent and goals
of inquiry, as evidenced in participants’ portfolios, were finalized. Aftetajaen
portfolios were selected at random and scored. These scores were compared to
corresponding scores from the fourth reading and an ICC was conducted to document

consistency in scoring portfolios.
Phase II: Participant Interviews and VOSTS Questionnaire

Based on the results from the first phase of the study, modifications wereanade t
the interview protocol to be used in Phase Il of the study. A procedural framework for
Phase Il of the study is presented in Figure 1 and is based on the sequence of events that
take place once a NBCST agrees to participate. The framework providesigrewith
both an understanding of how the study progressed and how the instrumentation

supported data collection and analysis.
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Phase IT
Participant Interviews and
VOSTS Questionnaire

Results from Portfolio
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Figure 1. Procedural workflow for proposed study.

Two distinct data sources were used in Phase Il. Participants were asked to
complete the/iews of Science-Technology-Sociaestrument (Aikenhead & Ryan,
1992). In the pilot study, the VOSTS nature of science questions took 20 to 30 minutes

to complete.

68



Second, participants were interviewed to clarify and extend VOSTS survey
responses. Interviews took between thirty and sixty minutes. A second intengew wa
conducted when necessary. Follow-up questions were sent to all participantsaria e

and additional follow-up by e-mail and phone were conducted where appropriate.
Instrumentation

Instruments used in the study provide data that are relevant to multiplehesear
qguestions. Therefore, each instrument is described individually with a focus on its

relevance to the study, usage, and validity and reliability.
Portfolio Inventory Instrument (PIl)

Each portfolio was analyzed using an inventory developed by the study author
(Appendix A). The Portfolio Inventory Instrument (PIl) assesses the degvdach
teachers engage their students in inquiry as defined by the National Resaanch’' €
(NRC, 1996)Abilities Necessary to do InquiryThe inventory instrument was found to
provide a consistent measure of teachers’ enactment and goals of inquiry with an
Intraclass Correlation Coefficient of 0.84 indicating good agreement betwaagsrat
Since the instrument was based on the NSES, a consensus document developed by
science educators and experts, the instrument is expected to have a high dageee of

and content validity.

The instrument was designed to measure teachers’ enactment of inquiry as
described in their written commentary for the portfolio enAgtive Scientific Inquiry

Videotape footage was not analyzed in this study.
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Written commentary for portfolio entries provided substantial data (13
typewritten pages) about teachers’ conceptions and enactment of inquiry. Fokogor
being analyzed were not simply teachers’ reflections on what they resmeimtut the
inquiry activity. Instead, teachers had to describe and analyze what waspkde in
video footage of their own teaching submitted with their portfolio. Teachersesklec
what they perceived to be the best example of inquiry teaching and learningléngara
set of video footage. For many teachers this entry involved looking through video from
several different classes, often taken over several days. Based on the deptfatd,t
the portfolio analysis instrument is thought to provide a valid and reliable meé&sure o

teachers’ conceptions and enactment of inquiry.
Views of the Nature of Science Questionnaire, Version - C (VNOS-C)

In the pilot study the VNOS-C questionnaire was provided to each participant via
e-mail and was completed electronically. Teachers were asked ta @nmsgons as
thoroughly as possible, save the document on his or her computer, and return a copy via

e-mail.

Developers of the VNOS recommend that it be administered under controlled
conditions (Lederman et al., 2002). They estimate that the questionnaire takes 45 to 60
minutes but state time limits should not be imposed due to the open-ended nature of the
instrument. In the pre-pilot and pilot study most participants took over 60 minutes. Two

participants reported taking over 120 minutes.

Most often, teachers complete the questionnaire on their home computer at a time
convenient to them. They are asked to refrain from consulting outside sourcesttimassi

answering the questions and informed that there are no wrong or right answeis. This
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important since in this setting teachers may have access to the Intérichtywwuld
make it difficult to determine their understanding of the nature of science.olbhe t
widely varying geographical location of participants, it was not @0 administer the

guestionnaire under strictly controlled conditions.
Views of Science-Technology-Society (VOSTS)

The VOSTS (Aikenhead & Ryan, 1992) is a multiple-choice instrument made up
of 116 questions. Of these, 24 are directly related to aspects of the naturacH.séie
major difference between the VOSTS and other instruments was in the stutentde
empirical development of the instrument. As a result, the instrument retairks a hig

degree of validity.

Questions from the VOSTS relating to the nature of science were provided to
participants via e-mail. In pre-pilot and pilot testing with five individuals (battiyst
participants and others) the instrument took between 20 and 30 minutes to complete.
Since the questions are of a forced-choice nature, there is little irderneadved in
assessing responses. It is important to note that there are no correcte®spons
therefore no answer key. Responses cover a wide range in sophisticatidimgeigaas

about the nature of science and can be compared to current expert consensus views.
Choosing an Instrument

In the pilot phase of this study the VNOS-C was used to access teachers’
conceptions of the nature of science. Data were collected from three patsicgpa

biology, chemistry, and physics teacher.
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The VNOS-C presented several challenges for the current study. mblesked
the amount of time for teachers to complete the questions, achieving a high degree o
validity regarding teachers’ meanings, and limitations on the type otistdtanalysis

that can be preformed.

First, teachers have reported spending longer than the 45-60 minutes ¢ited by
instrument’s developers. Two participants in the pre-pilot and pilot took two hours to
answer the questions. It is thought that this may be partially due to the population under
study. NBCSTs may be more experienced writers as a result of theriNiBateon
process or may be more experienced teachers. This could have led to lengthier
participant responses. Either way, from a practical standpoint, the time factmse for

concern, especially considering the difficulties experienced in regyparticipants.

Second, while the authors of the instrument call for low inference during @nalysi
| found analysis challenging. As suggested, follow-up interviews weratedse the
pilot study to achieve valid inferences from the data. However, this limiteohtae t
available in the interviews for other aspects of the study. Even with follow-upiéws

the analysis was challenging.

Finally, due to the categorical nature of the VNOS instrument (naive vs. informed
views), statistical analysis is questionable. This is not the case with tR&Y®@here

parametric statistical analysis is feasible (Aikenhead & Ryan, 1992).

Comparing VNOS and VOSTS pre-pilot and pilot data it was found that both
instruments yielded similar information. As a result, the VOSTS was chos®llect

data on teachers’ conceptions of the nature of science.
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Assessment Center Scores

After NBCSTs have submitted their portfolio to NB, they are required to
complete a series of six computer-based assessmbetésAnalysis, Interrelationships,
Fundamental Concepts, Change Over Time, Connections in Science, and Breadth of
Knowledgg. Scores on the six assessment exercises make up 40% of a candidate’s total

score towards certification.

Science content knowledge scores are generated when teachers coniplete the
Assessment Center exercises. These are reported as raw scoresalighteetween
1.000 and 4.000. Points are awarded in increments of 0.125. Teachers receive these

scores, along with their scores for their portfolio entries, in November onibece

There were several advantages in using Assessment Center scores to assess
science content knowledge. First, the instrument is administered usimglardtaed
protocol in an environment specifically designed for testing. Second, because of the
security of the test items teachers will have seen the questions befally, NBPTS
has over 15 years of experience in writing and administering the assessiBecduse of
the consequences involved with testing, considerable effort has gone into esiglttishi

reliability and validity of the test instruments.

There were also several important disadvantages. First, as a reskdidmst
have access to the assessments with the exception of a set of retired proitapls ava
the NBPTS website. Second, the Assessment Center exercises waredispegifically
for making decisions about accomplished teaching as defined in the NBPY Science

Standardsand not necessarily intended for research. Finally, scores represent one set of
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tests given on one day, something that needs to be noted when considering the validity of

the results.

Despite these disadvantages, the assessments offered a unique opportunity to
make quantitative comparisons and theorize about the relationship between science

content knowledge and teachers’ enactment and conceptions about inquiry.

Interviews

Based upon results from the statistical analysis of portfolios, semsitsted
interviews took place by phone with e-mail for follow-up and clarification. Arseéc
interview was conducted if additional time was needed or to explore potentidlly use
themes or ideas further uncovered after transcription and analysis of thiewmtePrior
to interviews, participants received an e-mail with a general outline and topgeek
about in preparation for the interview. The interview protocol underwent considerable
modification during the pilot study. Changes include the addition of examples to
stimulate discussion, questions about inquiry and professional development, and an
increased emphasis on the context in which inquiry teaching takes place. lonaddgiti
using the VOSTS instrument, less time was spent discussing and clatifging t
understanding of the nature of science. As a result, more emphasis could be placed on

teachers’ conceptions, enactment, and goals for inquiry.

Based on a sociocultural perspective, perhaps the most substantial change was
modifying the protocol to probe teacheoéficial andpersonalconceptions of inquiry.
This is accomplished by asking teachers what they think NB wants to see in ay inquir
activity for portfolio entryActive Scientific Inquiry After establishing thewfficial

conception, they are then asked to describe pleegonalconception. Supporting probes
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explore both questions in detail using examples, exploring what is possible in their

classroom, and a discussion of how closely the two conceptions align.

Interviews were transcribed immediately and analyzed allowing diéztion and
analysis to build upon each other in a grounded theory fashion (Charmaz, 2005).
Transcription and analysis were used to inform future participant interviedushake

modifications to the interview protocol where necessary.
Data Analysis

Data analysis is described in three sections based on each research question.

Both quantitative and qualitative analyses are listed together where agigopr
Question One: Differences in teachers’ conception of inquiry between dissipline

A one-way analysis of variance (ANOVA) was conducted to determine if any
differences existed between groups (biology, chemistry, earth sciencdyyanspin
their enactment of inquiry as seen in their NB portfolio emtgfive Scientific Inquiry
Participants’ enactment of inquiry was measured for thirteen sepapatgsasf inquiry
using the PIl and an ANOVA was conducted for each aspect. For signififantnites

the Tukey post hoc comparison statistical test was used.

Based on the portfolio analysis, primary themes for of each participant’s
enactment and goals of inquiry were identified. A frequency table watedreith
participants grouped by discipline to show trends. Both totals and percentages were

reported.

Data from the VOSTS questionnaire were tabulated and participant responses on

a set of five VOSTS questions were rated. Ratings were based on a systapeadkchbg!
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Peters (2006). In this system, participants’ responses are compared to a pgreitef e
on the nature of science. Participants are rated as happrgpriate
Appropriate/PlausiblePlausible Appropriate/NaiveandNaiveviews of the nature of
science. Based on the ratings, descriptive statistics were generatadifaliscipline. A
complete explanation of the rating system and how it was developed is presented in

Chapter Four.

Participant interviews, informed by the results of previously discussedsamaly
were conducted to provide additional information about how participants’ conceptions,
enactment, and goals differed across science disciplines. Explorationtestidata
analysis of 48 portfolios, along with findings from the pilot study, allowed folr wel

developed and targeted interview questions.

Interview text was analyzed in an analytically inductive manner to genera
profiles for each participant. Each profile consisted of sections that iddRad&cipant
Context, General Conception of Inquiry, Enactment of an Inquiry Lesson, Goals of
Inquiry, and ChangeAfter all profiles were completed a cross-case analysis was
conducted to explore how teachers’ conceptions, enactment, and goals for inquiry

differed across disciplines.

Question Two: Relationship between Assessment Center scores (scieant cont

knowledge) and conception of inquiry.

Linear regression was used to determine the relationship between content
knowledge scores and each item on the portfolio analysis (independent variable: content

knowledge). Spearman’s Rho was calculated for each pair of variables. Gmirelati
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coefficients were then presented. Scatterplots were generated focamgmiésults to

allow visual inspection of the data.

Question Three: How did the National Board certification process alter teachers’

conceptions of inquiry?

Participant interviews were conducted to explore how participants’ conceptions
and enactment of inquiry changed as a result of the NB certification proneswielw
data for each participant were explored in an analytical inductive maniaemtify
emerging themes among participants. Using profiles described in 6yuéste, a cross-
case analysis was conducted to investigate how teachers’ use of inquirydchsiage

result of the NB certification process.

Confidentiality and Data Collection and Storage

Teachers’ information will remain private and will not be made available
publicly. Information will not be recorded in such a manner that participants can be
identified, either directly or through identifiers linked to participants. Diueces will
not be publicly available. Written materials disguise the identity of thieipants and
the location of the person being interviewed. Participants were not identified bymame

the transcripts or research report (names have been changed).

Audio tapes and notes gathered during the course of the research are stored by
code number at the researcher’s home and will be kept in a securely lockedaimetzl c
The researcher will be the only person with access to the data, both hard copies and

electronic.
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Data will be stored in a locked secure metal file cabinet and on a computer hard
drive at the researcher’'s home for 6 years after the study (until 2015). Hgrdatap
will then be destroyed via a shredder and electronic data will be erased ordtdever

of the researcher’'s computer.
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Chapter Four: Factors Influencing Teachers’ Conceptions, Enactmentpalsiot

Inquiry: A Quantitative Analysis

There are a number of potential factors suggested by the literatunaflinence
teachers’ conceptions, enactment, and goals for inquiry. The science migsipiihich
they teach, their understanding of the nature of science (Lederman, 2007), and their
subject matter content knowledge (Brickhouse, 1990; Smith, @08&l7; Smith & Neale,
1989) are all thought to play a role. In this mixed-methods study each factplaeed

from both a quantitative and qualitative methodological perspective.

This chapter consists of a presentation and analysis of the quantitative daga for
study. Qualitative results will be presented in Chapter 5. Quantitative dattagstecal
analysis are described in three sections, corresponding to research guestiois study.

The first section explores the research questldow does a NBCST's science
discipline (biology, chemistry, earth science, or physics) influence theieptiogs,

enactment, and goals for inquiry-based teaching and learning?”

First a statistical comparison of the four traditional disciplines is madg thse
Portfolio Inventoryinstrument(PIl) developed for this study to analyze data from the 48
Active Scientific Inquiryportfolio entries. Second, based on the analysis of these 48
portfolio entries, descriptive statistics are presented describing how NBG&als for
inquiry vary with their discipline. Portfolios analyzed are from NBCSTs who aethie

certification in 2007.

In the second section, results from the Views of Science-Technology-Society

guestionnaire for twelve NBCSTs are presented. The twelve NBCSTs whaoetednpl
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the VOSTS questionnaire were also interviewed for the qualitative sectios sfully.

Portfolios analyzed are from NBCSTs who achieved certification in 2008.

Research into high school departments (e.g. social studies, English, sheshce)
shown that teachers often define themselves by their department affil@tmgsthan &
Stodolsky, 1995). However, no research was found focusing specifically on diéferen
between science disciplines. As a result, no research on disciplinary differetice
use of inquiry was available to inform this study. Further, within the sciendplohies
Lederman (2007) identified understanding whether teacher views of the nasarenaie

were discipline specific as an area of critical research.

Finally, in the third section results from the analysis of content scores and
enactment of inquiry are presented. Content scores are based on the National Board
Assessment Center exercises while NBCSTs’ enactment of inquirghta@ised using
the PII. This final section addresses the research question, does science subject
area content knowledge influence teachers’ enactment of inquiry-based teaching and

learning?”

Subject area content knowledge has been shown to influence teaching with
inquiry (Alexander, 1992; Brickhouse, 1990; Smith, et2007; Smith & Neale, 1989)
but there is a dearth of mixed methodology studies with a developed quantitative aspect

investigating the link between domain knowledge and inquiry teaching.
Influence of Discipline

Table 1 describes the number of NBCSTs involved in the portfolio analysis

section of this study. The study design planned for four groups of twelve. Howewver, t
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portfolios were incorrectly labeled as earth science, which werallyothemistry and
physics. The error was discovered during portfolio analysis and thereowsisfficient

time to obtain additional earth science portfolios. As a result, the earthescetegory

only has ten NBCSTs while chemistry and physics each have thirteen.

The unequal sample sizes do not have an overall effect on the statistical analysis

with the exception of the Earth Science group. For this group a smaller sarepleasi

have made it more difficult to achieve statistically significant resultise analysis of
portfolio items. However, since the sample sizes were similar it is asisinat this did

not lead to major differences in the analysis.

All 48 NBCSTs completed the portfolio entgtive Scientific Inquirywhich was

analyzed using the PIl (Appendix A). Table 1 lists the numbers of participantscfor e

discipline.

Table 1

Disciplines of Participants
Discipline n
Biology 12
Chemistry 13
Earth Science 10
Physics 13
Total 48

Influence of Discipline on Enactment of Inquiry

To answer the research questititiow does a NBCST'’s science discipline
(biology, chemistry, earth science, or physics) influence their conceptionanenact
and goals for inquiry-based teaching and learningi&ta on teachers’ enactment of

inquiry were obtained through the analysis of the NB AYA Science portfolio Antiye
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Scientific Inquiry A total of 48 portfolio entries were analyzed using the PII developed
for this study. The inventory rated each portfolio on 13 items related to teachers’
descriptions of their enactment of inquiry. Scores from the portfolio analysesbased

on a rating scale from 1 to 5. A score of 1 indicated the enactment of that aspect of
inquiry was limited in the portfolio. A score of 5 indicated the item was fullggamt in

the teacher’s enactment of inquiry. The inventory instrument was found to provide a
consistent measure of teachers’ enactment of inquiry with an Intr&sassation
Coefficient of 0.84 indicating good agreement between ratings.

Prior to data collection it was determined that for the ANOVA a sample si# of
participants (12 in each of the four disciplines) would be necessary to achieve a
significance of .05, a power of 0.8 with an effect size of 0.5. According to Cohen (1988)
an effect size of 0.5 is considered large.

A One-Way ANOVA was conducted for each item on the PIl. For significant
results the Tukey post hoc comparison was used to identify where the diffenestes. e

Variables are frequently categorized as nominal, ordinal, interval, aocsa
originally described by Stevens (1946). Based on this categorization, the tated da
generated by the PIl in this study is ordinal data. Therefore, it does notheee
assumption for ANOVA that data is at the interval or ratio level. However,|socia
scientists often use parametric techniques, like the ANOVA, to analyze aildiaal For
example, Seelig (1991) argued that parametric statistical techniguagspappriate for
the analysis of Likert-scaled responses. He stated that respondents mgstiaiteve
the Likert scale to represent a continuum and therefore responses can be siewed a

interval data. The same reasoning applies to the analysis of rank data for the PlII
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Furthermore, in the current study PIl items are rated on a scale of 1 to 5. éBiéheaas
are a substantial number of steps in the scale, this increases the likelihoaodhfareva
between ratings and further supports the use of the ANOVA.

Statistical analysis detected violations to the assumption of homogeneityaoicear
in several items analyzed. While the current data set does not meet the mssampt
homogeneity of variance in several instances, the balanced sampleisin@izarthe effect.
In general, with equal or nearly equal sample sizes the ANOVA is robustumkagons of
homogeneity of variance (Hinkle, Wiersma, & Jurs, 1998).

Reanalyzing the data using the Kruskal-Wallis, a nonparametric analog of t
ANOVA, produces nearly identical results. A major advantage of the Kri/g&His test
is that it does not assume normality (Hinkle, Wiersma, & Jurs, 1998), a concern with the
data in this study. However, a drawback is that statistical power is oftenrtaierg a
parametric test more attractive. Results from the analysis usingubkakWallis test are
presented in Table 2 along with the ANOVA results. In every case thetteigifference
between the two tests. This supports the use the ANOVA for the analysis ofaP1l da

Since the use of ANOVA to analyze rank data has been accepted as an
appropriate statistical technique in the social sciences, compellingeamtgifar its use
exist, group sizes are balanced, and the analysis of data in this study msmg a
parametric technique produces similar results, the ANOVA was sgliectmalyze the
differences between biology, chemistry, earth science, and physibet&€zsenactment of
inquiry.

Results for the One-Way ANOVA are provided in Table 2. The first column,

Item, refers to individual items on the PII instrument. Statistics for each discignle
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also listed with standard deviations appearing in parentheses below means.ailibe F-r
and significance level for each analysis is presented for each comparisonps.gAn
additional column has been added with results from the Kruskal-Wallis nonpacametri

test.
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Table 2

ANOVA Summary for Portfolio Inventory Items across Disciplines

. . Earth . Kruskal

ltem Biology Chemistry Science Physics F " Wallis
3.00 1.69 2.00 1.38

Iltem 1A (1.28) (1.03) (1.70) (1.65) 4.31 .010 .013
3.00 1.69 1.70 1.38

ltem 1B (1.13) (0.86) (0.95) (0.65) 7.70 <.001 .003
4.50 3.69 3.80 3.77

ltem 2A (0.80) (1.11) (1.55) (1.17) 1.26 .299 .249
4.83 4.15 4.80 4.62

ltem 2B (0.58) (0.80) (0.42) (0.65) 2.95 .043 .33
1.92 2.46 1.80 2.92

ltem 3A (1.38) (1.71) (1.32) (1.80) 1.28 294 .397
1.75 2.54 2.40 4.23

ltem 3B (1.29) (1.81) (1.27) (1.30) 6.73 .001 .002
3.25 3.15 3.20 4.23

ltem 4A (0.62) (0.90) (1.23) (0.73) 4.39 .009 .010
3.17 3.15 3.30 3.69

ltem 4B (0.58) (0.56) (0.68) (0.63) 2.20 101 122
1.67 1.08 1.10 1.31

ltem 5A (1.37) (0.28) (0.32) (0.63) 1.43 247 .508
4.17 2.46 2.60 2.92

ltem 6A (1.53) (1.20) (1.65) (2.02) 2.74 .055 .083
2.58 2.16 1.50 2.31

ltem 6B (1.62) (1.07) (0.71) (1.65) 1.25 .304 .376
3.25 3.15 2.70 2.38

ltem 6C (1.71) (1.28) (1.34) (1.76) 0.86 471 452

ltem 4.58 2.62 3.10 1.77

HYPO  (0.74)  (161)  (2.03) (1.24) o1> <001 .001

Note: standard deviations appear in parenthesesvbméans.



For significant results the Tukey post hoc test was performed. The Tukesy test |
appropriate for this analysis since the research questions were askebdreforBost
Hoc tests were conducted for all items with significant p values (p < .05).

Coding examples are provided for each item. However, it was often necessary t
read through the entire portfolio entry to accurately score the itewmidence existed in
multiple locations in the text of the portfolio entry. These examples aredffegve a
general understanding of how items were coded.

Item 1A: Degree to which teacher supports students’ efforts to develop a research
guestion.

An analysis of variance showed that there was a significant differe(®d4) =
4.31,p=.010, between groups for teacher’s support of student questioning. Post hoc
analyses using the Tukey criterion for significance indicated that portfefrostores for
biology teachersM = 3.00,SD= 1.28) were significantly higher than for chemistry
(M=1.69, SD= 1.03) and physics teachdés«1.38,SD= 0.65).

Coding example: To help students think of potential research questions, the
class investigated a forested storm-water holding pond behind the Sciaad.coded as
a five. There is evidence students received considerable support in developing thei
research question.

Coding example:I“prompted each group with leading questions towards better
testable questions and hypotheses when néeadedld be coded as a 3. There is some
evidence of discussion about improving questions and hypotheses but not in a structured
or comprehensive manner.

Item 1B:Degree to which students choose own question to investigate.
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An analysis of variance showed that there was a significant differie(®;é4) =
7.70, p=<.001 between groups for students’ ability to choose the research question. Post
hoc analyses using the Tukey criterion for significance indicated that portéoh scores
for biology teachers\{ = 3.00,SD= 1.13) were significantly higher than for chemistry
(M= 1.69, SD= 0.86), earth science (M=1.70, SD=0.95) and physics teaktrers.38,
SD=0.65).

Coding example:By allowing them to choose the focus of their lab, students are
able to choose a topic that interests them and makes the scientific investigation more
meaningful’ would be coded as a five. Students have considerable choice in the topic
they will investigate.

Coding example:Ihdividuals were allowed to come up with a variable about the
process of photosynthesis and a way to téswauld be coded as a three. There is
evidence that students are given a select a variable to test related dii@ teypec.

Item 2B: Degree to which students condsctentific investigationsDespite a value of

p =.043 from the ANOVA, no significant differences were detected between groups
using the Tukey post hoc test.

Item 3B:Evidence that teacher encourages and supports use of mathematics in students’
investigations, where appropriate.

An analysis of variance showed that there was a significant diffefef®;d4) =
6.73,p=.001, between groups for students’ use of mathematics. Post hoc analyses using
the Tukey criterion for significance indicated that portfolio item scoreghgsics teachers
(M = 4.23,SD= 1.30) were significantly higher than for biology (M= 1.75, SD 1.29),

chemistry (M= 2.54, SD 1.81), and earth science teachers (M=2.40, SD=1.27).
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Coding example:They were to create graphs to show those relationships,
linearize[manipulate the variables of the x and y axis to create a straight line graph]
them, if need be, and obtain and equation from that gtapbuld be rated as a five since
there is considerable evidence of the use of mathematics in the investigatio

Coding example: The goals involving skills were met by the students collecting
data in an organized manner, using measurement skills of distance and time, graphing
results in the form of a bar graph, and analyzing their resulisuld be rated as a three
since there is some use of mathematics in the investigation. While a barsgraph i
generated, there is little other discussion of mathematics in the portfolyo entr
Item 4A: Students’ work culminates in an explanation or model of the phenomena
(physical or math).

An analysis of variance showed that there was a significant differie(®;é4) =
4.39,p = .009, between groups for students’ work culminating in a model of the phenomena.
Post hoc analyses using the Tukey criterion for significance indicated thatipotéiol
scores for physics teachel € 4.23,SD= 0.73) were significantly higher than for biology
(M= 3.25, SD=.62), chemistry\{ = 3.15,SD= 0.90), and earth science (M=3.20, SD=1.23)
teachers.

Coding example:My goal is for students to understand how to develop the big
concept of operating a rover and communicating effectively with a planetary’rover.
would be rated as a four since there is evidence students are investigdtmgdeling
interplanetary communications.

Coding example: The students were required to present a basic graph of the data

and to show the actual model with the correct variables and appropriate’ wnatsld be

88



rated as a three since there is some evidence that modeling is involved in the
investigation. Here the graph is being used to show a model but is not developed further
within the portfolio entry.
Item HYPO:Degree to which students generated and tested hypotheses in their
investigations.

An analysis of variance showed that there was a significant differie(®;é4) =
8.15, p=<.001, between groups for students’ use of a hypothesis in their investigation .
Post hoc analyses using the Tukey criterion for significance indicated thatipotéiol
scores for biology teachems! = 4.58,SD= 0.74) were significantly higher than for
chemistry M = 2.62,SD= 1.61) and physics (M=1.77, SD=1.24) teachers.
Coding example: I'had them give me example so hypotheses they might use and we
discussed that they could only choose one variable in their hypothvesidd be rated as

a five since there is considerable evidence of the use of hypotheses in theopantfygl

Coding example: Each group had to decide on a single hypothesis to test. They must
write their hypothesis and then test would be rated as a four since the use of

hypothesis was present but not developed in the portfolio entry.
Influence of Discipline on NBCST Goals and Enactment of Inquiry

In addition to analysis using the PII, portfolios were also classified into five
categories based on the NBCST’s goal for the inquiry lesson. These rgostisted
explicitly in each portfolio and supported by the description of the NBCST’s inquiry
lesson in the text of their portfolio.

Teachers’ goals and enactment for inquiry were categorized based on their

portfolio entryActive Scientific Inquiry In the instructions for the portfolio entry,
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NBCSTs are encouraged to identify their goals for the inquiry actiuityddition to
NBCSTSs’ stated goals, the text of the portfolio entry was also analyzddrttify their
primary and secondary goals for inquiry. Due to the relatively small samplinsiedas
not sufficient power for meaningful inferential statistical analysissuRe are therefore
presented as descriptive statistics.

Categories were developed using an inductive analytical approach based on
reading and analysis of portfolios. Four major themes emei$gedtent<Conducting
Scientific InvestigationsscienceContent KnowledgeCritical Thinking/Problem Solving
andModeling A fifth category,Other, was created for portfolios that could not be easily
categorized.

StudentConducting Scientific Investigations (SCH@r many teachers in this
study, inquiry involves students conducting scientific investigations. Invesngati
typically consist of students asking a question, stating a hypothesis, desigaduyres
that involve the manipulation of variables (and often specific mention of a control group),
coming to a conclusion, and communicating findings to their teacher and peersnd.earni
science content may also take place; however, it is not the primary purpose.

ScienceContent KnowledgeParticipants within this theme emphasize the
acquisition of content knowledge as the primary role of inquiry. While students may
develop their own procedures, select variables to investigate, or work witanrettcal
equations, the predominant theme in their conception of inquiry is the development of
subject specific content knowledge.

Modeling: The themeéModelingmost often involves the generation of

mathematical equations to describe a physical phenomena. In general sstnelent
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presented with a problem or system. They then design a procedure and decideavhat dat
to collect. Based on the data, they conduct an analysis, often involving graphing, to
generate a mathematical model in the form of an equation to describe the phenminena a
predict its behavior. This category also includes a focus on modeling naturais\fste
example weather patterns, with an explicit goal of creating a modeidhiat be used to
explain and predict natural phenomenal. Modeling was not seen in courses other than
physics in this study as a major goal or enactment of inquiry.

Critical Thinking/Problem SolvingHere the focus is on the actual process of
solving a problem through logic or reasoning. It differs from the other categotieat
there is little or no emphasis on testing of variables, obtaining content knowledge, or
generating models of phenomena. Learning how to approach and solve a problem or
think critically is the primary goal and enactment for this theme.

Other: There were four individuals placed in tB¢hercategory. These include,
for example, science process skills such as use of laboratory equipment, making
measurements, or following a pre-established set of procedures.

In Table 3: Primary Goals of Inquiry, the number and percentage of participants

for each theme are presented.
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Table 3

Primary Goals and Enactment of Inquiry

Problem

Discipline SCSI Content Modeling Solving Other
Biology 10 (83%) 1 (8%) - - 1 (8%)
Chemistry 4 (31%) 8 (62%) - - 1 (8%)
Earth 6 (60%) 1 (10%) - 1 (10%) 2 (20%)
Science

Physics 2 (15%) 4 (31%) 6 (46%) 1 (8%) -

Primary and secondary goals and enactment of inquiry.

Primary goals provided useful information on what NBCSTs want students to atgoiran

inquiry experience. Both their stated goals and the text of their inquiry poefaly provided

substantial data for assigning NBCSTSs to categories. However, in mangeasedary goals were

also present. These provide a more nuanced description of NBCSTs’ goals for. ilépeaty are

presented in separate tables for each discipline.

In Table 4, six out of the ten participants with the primary goal for inquiSC&ldo not

have secondary themes. This means that there was not enough evidence from potifsisct@ana

warrant assigning a secondary goal designation. Three of the tweliegppats havdsiology

Content Knowledgas a secondary goal.
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Table 4

Biology NBCSTs’ Primary and Secondary Goals and Enactment of Inquiry

Biology Goals of

NBCST ID Inquiry

#

Bio #01 SCS

Bio #02 SCS

. SCS

Bio #03 Content

Bio #04 SCS
Content

Bio #05 Process Skills
Content

Bio #06 sCSl

Bio #07 scs|

Bio #08 Content
SCsSi

Bio #09 SCS
Procedures

Bio #10 SCS
Content

Bio #11 cSl

Bio #12 sCSl
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In Table 5, eight participants held a primary goal for inquir€lasmistry Content
Knowledge Of these five do not have secondary themes. This means that they approach

inquiry focused almost entirely ddhemistry Content Knowledge

Table 5
Chemistry NBCSTs’ Primary and Secondary Goals and Enactment of Inquiry

Chemistry :
NBCST 1D # Goalsof Inquiry
Chem #01 Content
Procedures
Chem #02 Content
Chem #03 Content
SCSI
Chem #04 Critical Thinking
Chem #05 Content
Chem #06 SCSl
Chem #07 Content
Chem #08 Content
Chem #09 SCSl
Content
Chem #10 SCSl
Content
Chem #11 SCSl
Content
Chem #12 Content
Chem #13 Content
SCSI
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In Table 6, five participants did not have secondary goals. Four of the five

participants held a primary goal for inquiryEarth Science Content Knowledge

Table 6
Earth Science NBCSTs’ Primary and Secondary Goals and Enactment of Inquiry

Earth Science  Goalsof Inquiry

NBCST ID #
Earth #01 SCS
Earth #02 SCS
Content
Earth #03 Process Skills:
M easur ement
Earth #04 Content
SCsi
Earth #05 SCS
Content
Earth #06 SCS
Earth #07 Observations
Content
Earth #08 Problem Solving
Earth #09 SCS
Content
Earth #10 SCSl
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In Table 7, only three participants do not have secondary themes. Of the three
participants two havPhysics Content Knowledged one ha€ritical Thinking SCSI

did not appear as a secondary theme for any physics participant.

Table 7
Physics NBCSTs’ Primary and Secondary Goals and Enactment of Inquiry

Physics Goalsof Inquiry

NBCST ID
#
Phys#01 Content
Phys #02 Content
Phys#03 Modeling
Content
Phys #04 Modeling (M ath)
Phys #05 SCS|
Phys #06 Modeling (M ath)
Phys#07 Content
Critical Thinking
Phys #08 Modeling (M ath)
Phys#09 Modeling (M ath)
Phys#10 Problem Solving
Phys#11 Content
Phys#12 Content
Phys#13 Modeling

Content
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In order to provide a comparison between the four disciplines in this study, resydtesented

together in Table 8. Each cell in the table represents an individual NBCST.

Table 8

Primary and Secondary Goals and Enactment of Inquiry

Biology Chemistry Earth Science Physics
NBCSTs NBCSTs NBCSTs NBCSTs
SCSl Content SCSI Content
Procedures
SCSl Content SCSI Content
Content
SCSl Content Process Skills: Modeling
Content SCSI| M easur ement Content
SCSl Critical Thinking Content Modeling
Content SCSI (Math)
Process Skills Content SCSI SCSI
Content Content
SCS SCSl SCSl M odeling
(Math)
SCSl Content Observations Content
Content Critical
Thinking
SCS| Content Problem Solving  Modeling
(Math)
Content SCSl SCSl M odeling
SCSI Content Content (Math)
SCS| SCS SCS Problem
Procedures Content Solving
SCSl SCSl -- Modeling
Content Content (Math)
SCSl Content - Content
SCS Content - SCSI
SCSI
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NBCSTs’ Conceptions of the Nature of Science

The nature of science is often considered to be closely related to inquiry
(Lederman, 2007). However, the NB portfolio en&kgtive Scientific Inquirplaces
little emphasis on the nature of science. Although it is included in the NB Standar
document (NBPTS, 2007), portfolio instructions and scoring rubrics make no mention of
the nature of science. As a result, aspects of the nature of science areasklcesred

in NBCSTs’ portfolios, as seen in the analysis of portfolios in this study.

To better understand participants’ views on the nature of science, a subset of
items from the Views of Science-Technology-Society (VOSTS) questi@was
administered to twelve NBCSTs. The VOSTS is an established instrument (Aakiefahe
Ryan, 1992) and items have been used extensively in research on students’ and
undergraduates’ views of the nature of science. It has also been used to stedyigee-s
and in-service teachers (Botton & Brown, 1998; Rubba and Harkness, 1996; Zoller,
Donn, Wild, and Beckett, 1991). The VOSTS has the advantage of being a low inference
instrument with participants selecting a response that best matchesetwsion the

item. Participants were able to complete the subset of items within 20 to 30gninute

An alternate instrument, the View of Nature of Science (VNOS) was altsuite
during the pilot of this study. However, participants required an average of one hour to
complete the instrument. In addition, due to the subjective nature of classifying
participants’ understanding of the nature of science, it was necessary totcofallow-
up interview. Because participants were practicing teachers and thesilughtace
during the school year, it was decided to use the VOSTS questionnaire, which placed les

of a burden on participants.
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Participants’ responses to VOSTS questionnaire items provide support for the
research questiofiiow does a NBCST's science discipline (biology, chemistry, earth
science, or physics) influence their conceptions, enactment, and goals for inquiry-based
teaching and learning?”

The data presented should be considered exploratory in nature. This is primarily
due to the small sample size (n=12) and the limited number of items analyzed. For
example, in his study Peters (2006) used over 200 participants. Due to samplengize in t
current study it is not possible to conduct statistical analyses; themefeu#s are

presented as frequencies and broader trends discussed.

Participants completing the VOSTS questionnaire were NBCSTs who achieved
certification in 2008. There were three NBCSTs for each certificate dable 9
describes the certificate area of NBCSTs and the courses they taugyttdar2008-

2009 school year.
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Table 9

NBCSTs Completing the VOSTS Questions

Participant Certificate Area Currently Teaching (2008-09)
Amy Biology Biology
Scott Biology Biology
Tom Biology Biology, Physics
Peter Chemistry Chemistry
Allen Chemistry Chemistry, AP Biology
Anita Chemistry Chemistry, Science Research
Donna Earth Science Earth Science
Sarah Earth Science Earth Science
Diane Physics Physics
Carl Physics Physics
Jane Physics Physics, Biology
Findings.

Responses from the VOSTS questionnaire in this study were not appropriate to

analyze statistically, primarily because of the small sample sizbowgh procedures for

analyzing VOSTS data have been proposed by Rubba and Harkness (1996) and Vazques-

Alonso and Manassero-Mas (1999) these require larger sample sizes thanailaelde

for this study where the sample consists of twelve participants. As g degalfrom this

study are presented as descriptive statistics.
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Based on the work of Peters (2006) a column providing an interpretation of each
response was added to Tables 10, 12, 14, 16, and 18. There are five possible rankings for
each responsé&ppropriate Appropriate/PlausiblePlausible Appropriate/Naiveand
Naive In Peters’ study, fourteen college biology faculty served as experts ancetaanpl
a set of VOSTS questionnaire items. For each item, experts rated indngated t
agreement on a scale of one to ten (ten being the highest) for each possible response.
Using descriptive statistics, each response was assigned a ratirexafple, to be
rated aAppropriate “at least two of three descriptive statistics (mean, median, mode) of
expert ratings had to be rated at 8 or greater, and at least 80% of the exysrhad to
be between 7 and 9.” Ratings were assigned to the other four responses in a similar

manner.

These ratings are used here to aid in the analysis of participant respoimsese
of only biology faculty is a limitation in using Peters’ designations. It isiptesthat
biology NBCSTs in the current study may be more likely to hold similar views eficei
as college biology faculty. However, none of the items selected contain bioloigynt
or themes. Further, as written, the items are discipline neutral. For exangpitem
dealing with scientific models mentions heat, the neuron, DNA, and the atom asepossibl
models. Therefore it is assumed that the use of college biology facultgexssexill not

introduce a bias towards biology teachers in this study.

An advantage of using the VOSTS questionnaire is that participants can only
choose from a specific set of responses. This limits the amount of interpretation
necessary in data collection and analysis. Further, by using the estabéistgguties, for
exampleNaive Plausible or Appropriate it is possible to compare participants’
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responses to an expert consensus. However, it should be noted that views on the nature
of science are tentative and subject to change. Therefore their césifishould not

be taken as absolute and immutable.

Data from five questionnaire items are presented in this study. Iteras wer
selected to address a variety of aspects of the nature of scienaee (dfebcientific
Knowledge: Scientific Models, Nature of Scientific Knowledge: Tenaiess of
Scientific Knowledge, Nature of Scientific Knowledge: Precision & Utatety in
Scientific/Technological Knowledge, Social Construction of Scienifiowledge:
Scientific Decisions, and Nature of Scientific Reasoning: Logicas&eag,
Cause/Effect). These five items were chosen as to provide a represamaierstanding

of NBCSTs’ conception of the nature of science.

Results from the VOSTS questionnaire are presented for each question based on
the number of responses and the NBCST's certification area. For eadbatentifarea
(biology, chemistry, earth science, physics) there are three NBCSibtesTare used in

place of graphs to aid in interpretation of the data.
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Table 10

Nature of Scientific Knowledge: Scientific Models

Your position, basically: (Please read from A to J, Under standi NBCST
and then choose one.) nderstanding Responses
Scientific models ARE copies of reality:
A. because scientists say they are true, so they beu Plausible/
true. Appropriate
B. because much scientific evidence has proven them Abbrobriate Phys(Jane)
true. Pprop Chem(Peter)
C. because they are true to life. Their purpoge is
show us reality or teach us something about it. No Agreement
D. Scientific models come close to being copies of Plausible/ Chem(Anita)
reality, because they are based on scientific A it Bio(Amy)
observations and research. ppropriate Phys(Carl)
Scientific modelsare NOT copies of reality:

Bio(Scott, Tom)
E. because they are simply helpful for learning and Naive Chem(Allen)
explaining, within their limitations. ES(Cathy, Donna)

Phys (Diane)
F. because they change with time and with the sfate .
our knowledge, like theories do. Naive ES(Sarah)
G. because these models must be ideas or educated .

Naive

guesses, since you can't actually see the reaj.thin

H. | don't understand.

I. I don’t know enough about this subject to make a
choice.

J. None of these choices fits my basic viewpoint.

For the item, Nature of Scientific Knowledge: Scientific Models, 42% of

participants held\ppropriateor Plausible/Appropriateviews. Of these, all but one
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discipline were chemistry and physics. Of those classified as Naive,(@B%ut one

were biology and earth science. Chemistry and physics participants tendedl to hol
Appropriate(n=2) orAppropriate/Plausiblgén=2) understandings of the item with the
exception of (Allen and Diane). All earth science teachers (n=3Nwagick
understandings as did most biology teachers (n=2) with the exception of Amy wlhe hel
Plausible/Appropriatainderstanding. Table 11 provides a breakdown of responses by

discipline.

Table 11

Percentage and Number of Responses by Discipline: Scientific Models

Naive Plausible/  Plausible Plausible/ Appropriate
Naive Appropriate
Biology 66% (2) - - 33% (1) -
Chemistry 33% (1) - - 33% (1) 33% (1)
Earth Science 100% (3) - - - -
Physics 33% (1) - - 33% (1) 33% (1)
Total 58% (7) - - 25% (3) 17% (2)
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Table 12

Nature of Scientific Knowledge: Tentativeness of Scientific Knowledge

Even when scientific investigations ar e done correctly, the knowledge that scientists
discover from thoseinvestigations may changein the future.

Scientific knowledge changes:

Your position, basically: (Please read from A to G, and Understanding NBCST Responses

then choose one.)

A. because new scientisiisprove the theories or Chem(Peter)
discoveries of old scientists. Scientists do tlyisibing Plausible/ ESci(Donna)
new techniques or improved instruments, by findieg Appropriate Phys(Diane)

factors overlooked before, or by detecting errorthe
original “correct” investigation.

Chem(Allen, Anita)

B. because the old knowledger &nterpreted in light of Plausible/  ESci(Cathy, Sarah)
new discoveries. Scientific facts can change. Appropriate  Phys(Carl, Jane)

C. Scientific knowledge APPEARS to change becalse t

inter pretation or the application of the old facts can

change. Correctly done experiments yield unchargeab Naive Bio(Amy)
facts.

D. Scientific knowledge APPEARS to change because
new knowledge isdded on to old knowledge; the old
knowledge doesn’t change.

Plausible/  Bio(Tom)
Naive

E. | don’t understand.

F. I don’t know enough about this subject to make a
choice.

G. None of these choices fits my basic viewpoint. Bio(Scott)

For the item, Nature of Scientific Knowledge: Tentativeness of Scentifi
Knowledge, 83% of participants hdhfausible/Appropriateziews. All chemistry, earth
science, and physics participants responded Rdhsible/Appropriateviews. Of
biology participants, none were classifiedPdsusible/Appropriater Appropriate One
participant selected\fone of these choices fits my basic viewpoiitable 13 provides a
breakdown of responses by discipline. With the exception of biology, the trend is for all

discipline to holdPlausible/Appropriateriews.
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Table 13

Percentage and Number of Responses by Discipline: Tentativeness of Scientifexdigaow

Naive Plausible/  Plausible Plausi_ble/ Appropriate
Naive Appropriate
Biology" 33% (1) 33% (1) - - .
Chemistry - - - 100% (3) -
Earth Science - - - 100% (3) -
Physics - - 100% (3)
Total 8% (1) 8% (1) - 75% (9)

'One participant respondedlne of these choices fits my basic viewpbint.

Table 14

Nature of Scientific Knowledge: Precision & Uncertainty in Scientifidihetogical

Knowledge

Even when making predictions based on accur ate knowledge, scientists and engineer s can
tell usonly what probablymight happen. They cannot tell what will happen for certain.

Predictionsare NEVER certain:

Your position basically: (Please read from A to H, and Understanding  NBCST Responses

then choose one.)

A. because there is always room for error and @sfen Chem(Amy, Peter)
events which will affect a result. No one can peethe Appropriate  ESci(Sarah)
future for certain. Phys(Carl)
B. because accurate knowledge changes as new _ Bio(Tom)
discoveries are made, and therefore predictiors wil Plausible/
always change Appropriate Chem(Allen)

y ge. pprop Phys(Diane)
C. because a prediction is not a statement of lfaistan . Blo(Amy)

Appropriate  ESci(Cathy, Donna)
educated guess.
Phys(Jane)
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D. because scientistever have all the facts. Some data  Plausible/

are always missing. Appropriate
E. It depends. Predictions are certain, only ag s Plausible/ Bio(Scott)
there is accurate knowledge and enough information. Naive

F. | don’'t understand.

G. | don’t know enough about this subject to make a
choice.
H. None of these choices fits my basic viewpoint.

For the item, Nature of Scientific Knowledge: Precision & Uncertainty in
Scientific/Technological Knowledge, 92% of participants hAghgropriateor
Plausible/Appropriateviews. Only one biology participant heldPiausible/Naivesiew.
The overall trend is for participants in all disciplines to hgbropriateor

Plausible/Appropriateviews. Table 15 provides a breakdown of responses by discipline.

Table 15
Percentage and Number of Responses by Discipline: Precision & Uncertainty i

Scientific/Technological Knowledge

Naive Plausible/  Plausible Plausible/ Appropriate
Naive Appropriate
Biology - 33% (1) - 33% (1) 33% (1)
Chemistry - - - 33% (1) 66% (2)
Earth Science - - - - 100% (3)
Physics - - - 33% (1) 66% (2)
Total - 8% (1) - 25% (3) 67% (8)
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Table 16

Social Construction of Scientific Knowledge: Scientific Decisions

When a new scientific theory is proposed, scientists must decide whether to accept it or
not. Their decision is based objectively on the factsthat support the theory. Their decision
isnotinfluenced by their subjective feelings or by per sonal motives.

Your position, basically: (Please read from A to H, and .
then choose one.) Understanding NBCST Responses
A. Scientists’ decisions are basalely on the facts,

otherwise the theory would not be properly suppbaied Naive Phys(Diane)

the theory could be inaccurate, useless or evanfhar

B. Scientists’ decisions are basedmar e than just the Bio(Amy, Scotf)
facts. Decisions are based on whether the thearpéean Appropriate Chem(Anita)
successfully tested many times, on how logicalhieery ESci(Cathy)

is compared with other theories, and on how sintipdy Phys(Carl, Jane)
theory explains all the facts.

C. It depends on the individual scientist. Somerstists Plausible/ _

will be influenced by personal feelings, while athevill Approoriate Bio(Tom)
live up to their duty to make decisions based amyhe PRrop

facts.

D. Because scientists are only human, their detssiwe, Plausible/

Chem(Allen, Peter)
ES(Sarah)

to some extent, influenced by inner feelings, by the
personal way a scientist views a theory, or byqeabk
gains such as fame, job security or money.

Appropriate

E. Scientists’ decisions are based less upon tie éand

mor e upon inner feelings, upon the personal way a Naive
scientist views a theory, or upon personal gaich s1$

fame, job security or money.

F. I don't understand.

G. | don’t know enough about this subject to make a
choice.

H. None of these choices fits my basic viewpoint. ES(Donna)

For the item, Social Construction of Scientific Knowledge: Scientific Datss
88% of participants heldppropriateor Plausible/Appropriateviews. Only one biology
participant held #lausible/Naiveview. The overall trend is for participants in all
disciplines to holdAppropriateor Plausible/Appropriateviews. Table 17 provides a

breakdown of responses by discipline.
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Table 17

Percentage and Number of Responses by Discipline: Scientific Decisions

Naive Plausible/ Plausible Plausible/ Appropriate
Naive Appropriate

Biology - 33% (1) - 66% (2)
Chemistry - - - 66% (2) 33% (1)
'Earth 0 0
Science - - - 33% (1) 33% (1)
Physics - - 33% (1) 66% (2)
Total - 8% (1) - 33% (4) 50% (6)

'One participant respondedltne of these choices fits my basic viewpbint.

Table 18

Nature of Scientific Reasoning: Logical Reasoning, Cause/Effect

If scientistsfind that people working with asbestos have twice as much chance of getting
lung cancer asthe average person, this must mean that asbestos causes lung cancer

Your position, basically: (Please read from A to H, and
then choose one.)

A. The facts obviously prove that asbestos caus#s |
cancer. If asbestos workers have a greater chdnce o
getting lung cancer, then asbestos is the cause.

Under standing

Naive

Thefactsdo NOT necessarily mean that asbestos causes lung cancer:

B. becausenore research is needed to find out whether
it is asbestos or some other substance that ctheskmg
cancer.

C. because asbestos might worlcombination with
other things, or may work indirectly (for example,
weakening your resistance to other things whiclseau
you to get lung cancer).

D. because if it didall asbestos workers would have
developed lung cancer.

E. Asbestogannot be the cause of lung cancer because
many people who don’t work with asbestos also geg |
cancer.

F. | don’'t understand.

Naive

Appropriate

Plausible/
Naive

Naive

NBCST Responses

Bio(Amy, Scott, Tom)
Chem(Anita)
ESci(Cathy)

Chem(Allen, Peter)
ESci(Donna, Sarah)
Phys(Carl, Diane)

Phys(Jane)
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G. | don’t know enough about this subject to make a
choice.

H. None of these choices fits my basic viewpoint.

For the item, Nature of Scientific Reasoning: Logical Reasoning, (EHtess,
75% of participants heldppropriateor Plausible/Appropriateziews. All biology
teachers heltllaiveviews as did one chemistry and one earth science participant. The
overall trend is for participants in all disciplines to halgpropriateor
Plausible/Appropriateviews with the exception of biology. Table 19 provides a
breakdown of responses by discipline.
Table 19

Percentage and Number of Responses by Discipline: Logical Reasoning, Cause/Effect

Naive Plausible/  Plausible Plausible/ Appropriate
Naive Appropriate
Biology 100%(3) - - - -
Chemistry 33% (1) - - - 66% (2)
Earth Science 33% (1) - - - 66% (2)
Physics - 33% (1) - - 66% (2)
Total 33%(5) 8% (1) - - 50% (6)

Relationship between Science Subject Content Knowledge and Enactment of Inquiry

Content knowledge has been found to have an influence on teachers’ use of
inquiry (Alexander, 1992; Brickhouse, 1990; Smith, et2007; Smith & Neale, 1989).
This chapter addresses the research quesHomy does science subject area content

knowledge influence teachers’ enactment of inquiry-based teaching and leariliog?”
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answer this question, NBCSTs’ scores on content knowledge assessments nektedor
with their scores obtained on the Portfolio Inventory Instrument (PII).

A stratified random sample consisting of a total of 47 NBCSTs selectddmdy
from the 2008 cohort was analyzed. The sample for this section consisted of the same
group of participants whose portfolios were analyzed previously to investigate the
influence of discipline on NBCSTs’ conceptions of inquiry. Participants weretsdle
equally from the four certificate areas. Biology was an exception andhadlgleven

NBCSTs due to a data entry error.

For the correlation of the PII items with NBCSTs’ content knowledge, a total of
28 participants are necessary to achieve a significance of .05, a power of 0.8 with an
effect size of 0.5. This was considered adequate to answer the reseaiidm.quest
However, since a sample size of 47 was available, the statistical poweasattte 0.97
will maintaining a significance of .05 with an effect size of 0.5. Power analgsis w
conducted with G*Power 3 power analysis software (Faul, Erdfelder, LangcinBu

2007).

Using the PIl, NBCSTs’ description and enactment of inquiry was measured
along thirteen separate aspects of inquiry based on their NB portfolio A&ctime
Scientific Inquiry A score between one (the least evidence or presence) and 5 (the most)
was recorded for each aspect. These scores represent the independent depeiudent var
in the correlational study since the research question seeks to find how scieané cont
knowledge influences NBCSTs’ enactment of inquiry. A detailed description of the PII

can be found in the Methodology section of this document.
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NBCSTSs’ content knowledge was measured by their scores from their NB
Assessment Center exercises. These scores represent the indeperatdativdne
analysis since the research question seeks to determine their influence onchevstea
enact inquiry. A total of six Assessment Center exercises are achredisis part of the
certification process. Each Assessment Center exercise in this siadywsn a score
ranging from 1.0 to 4.0 by assessors trained by NB. Assessors use NB-develapsd rubr
and standards to assign scores. The processvigWed annually to ensure that your
response receives a reliable, accurate, and fair evaludt({®iBPTS, 2009¢). A detailed
description of the selection of reviewers and the scoring process is avail#ide i

Methodology section.

Two NB Assessment Center exercises were used in the analysis. These we
Fundamental ConceptndBreadth of KnowledgeSelection of exercises was made on
the basis of how relevant the exercise was to the measurement of NBA&A&2 sc

content knowledge.
Assessment CentExercises

The Fundamental Concepisssessment Center exercise focuses specifically on
discipline specific content. Candidates murhonstrate a depth of content knowledge
in your specialized field. You are given a visual, mathematical, or graphical
representation of a concept, and you give a description of the concept, analyze
relationships, and discuss consequences of chan(eBPTS, 2009b, p. 3). As aresult

each discipline is given a different assessment based on the content of ti@ineisc

For the purpose of this study it was assumed that the scores are equivalent

measures of NBCSTs’ discipline specific content knowledge. To test this asBumpt
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means were calculated for each discipline and were found to be similar (Bioldgy, n=
Mean=2.9; Chemistry, n=13, Mean=3.1; Earth Science, n=10, Mean=3.2; Physics, n=13,
Mean=3.1). This supports the assertion that assessments reliably de8ciBes’

content knowledge across disciplines. The alternative would be to obtain a langkr sa

for eachdiscipline, in this case a sample size of n=28 would be necessary to achieve the
desired statistical power and effect size at a .05 level of significancé.s8ople sizes

are not available for the 2008 cohort.

TheBreadth of Knowledg@ssessment Center exercise measures candidates’
knowledge over a range of science disciplines. Candidates dasstribe a major idea
in sciencé and “explain a concept in each of the three major sciences not in your
specialty and relate the concepts to the major itdédnlike theFundamental Concepts
assessment, here candidates are expected to demonstrate that theytarelabdea
concept to all certification areas (biology, chemistry, earth sci@mcephysics). The

Breadth of Knowledgassessment is identical for all certificate areas.

Each Assessment Center exercise score was correlated to eaemRidare. For
each exercise a total of thirteen correlations were made. Since®fs sce rank data a
Spearman Correlation Coefficient was calculated for each. For signifesarits a

scatter plot was generated to allow for visual inspection of the results.

Participant Assessment Center scores were assigned by NB asasgsotsof
the certification process. Scores for each Pll item were coded afttgplenreadings of
the portfolio entryActive Scientific Inquiry A detailed description, along with coding
examples for each PII item, is provided in the sedtiflmence of Discipline on

Enactment of Inquiryn this chapter.
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Assessment Center Exercise: Fundamental Concepts.
The analysis examined the relationships among Assessment Centerexercis
scores from th&undamental Conceptssessment and each item on the PIl. The

correlations between pairs are reported in Table 20.

Table 20
Correlation Matrix for Assessment Center Exercise Fundamental Knowledge andres

Portfolio Invention Instrument Item Scores

1A 1B 2A 2B 3A 3B 4A 4B 5A O6A 6B 6C HYPO

Content _o7 .12 .29 20 .14 .30+ .15 .13 .17 -09 .02 .39* -.18
Scores

n=47

*p=<.05, two tails

** p=<.01, two tails

A correlation for the data revealed that NBCSTs’ content knowledge scores on the
Fundamental Concepgtssessment Center exercise and Portfolio Inventory Instrument 3B
were significantly related€.30,n=47,p<.05, two tails). However, an examination of

the scatterplot indicates that the statistical significance hiasgitictical meaning.
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Assessment Center Scores: Fundamemal Conceps

Figure 2. Assessment Center Exercises Scores from Fundamental Conceptseassessm

and PIl Scores for Item 3B.

In addition, correlation revealed that NBCSTs’ content knowledge scores on the
Fundamental Concep{ssessment Center exercise and Pll item HYPO were significantly
related €=.39,n=47,p<.01, two tails). However, her again an examination of the

scatterplot indicates that the statistical significance has angigaiameaning.
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Figure 3. Assessment Center Exercises Scores from Fundamental Conceptseassessm
and PII Scores for Item HYPO.

Assessment Center Exercise: Breadth of Knowledge.

The analysis examined the relationships among Assessment Centereexercis
scores from th&undamental Conceptssessment and each item on the PIl. The

correlations between pairs are reported in Table 21.
Table 21

Correlation Matrix for Assessment Center Exercise Breadth of Knowledge srares

Portfolio Invention Instrument Item Scores

1A 1B 2A 2B 3A 3B 4A 4B 5A 6A 6B 6C HYPO

Content 12 06 .09 -16 -001 .02 -07 .18 -07 .15 .08 .20 -.14
Scores

n=47
*p=<.05, two tails

116



A correlation for the data revealed that no relation existed between contern¢tgew
scores on th8readth of KnowledgAssessment Center exercise and any items on the
PII.

Summary

In this chapter, results were presented for the quantitative analysis @lsever
factors that are thought to influence NBCSTs’ enactment and conceptions of.inquir
The influence of discipline was investigated using the Pl to generate dataGRiTMsB
enactment of an inquiry lesson based on their portfolio éwtiye Scientific Inquiry
The results were then analyzed using a one-way ANOVA to detect any riitfere
between disciplines (biology, chemistry, earth science, and physicgd Baghis
analysis the following significant results were obtained from the NB high ssb@uice

teachers who participated in the study:

e Biology teachers are more likely than chemistry and physics teachers to
support students’ efforts to develop of a research quest@u4) = 4.31,
p=.01Q

e Biology teachers are more likely that chemistry, earth science, anadghysi
teachers to allow students choice of research questions or variables to
investigate.F(3,44) = 7.70,p= < .001

e Biology teachers are more likely to include the use of a hypothesis in
inquiry than chemistry and physics teachd¥&,44) = 8.15,p= < .001

e Physics teachers are more likely to encourage and support use of
mathematics in students’ investigations than biology, chemistry, and earth

science teachers:(3,44) = 6.73p=.001
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e Physics teachers are more likely to have students’ work culminate in a
model than biology, chemistry, and earth science teachési4) = 4.39,
p=.009
Portfolio text was also analyzed to categorize NBCSTs’ goals of inquirsuliRe

were presented based on NBCSTs’ discipline. Portfolios were classifed ba four
themes that emerged during analysis. These themes are based on tgaatseasid
enactment of the inquiry lesson in their NB portfolio entry. Theysaudents
Conducting Scientific Investigation (SCS3tience Content Knowledddodeling

Problem Solvingand a gener&thercategory. It was found that:

Biology teachers tend to view inquiry 8€SI1(83%).
e Chemistry teachers tend to view inquiry as a means to @aemistry Content
Knowledgg(62%) andSCSI(31%).
e Earth Science teachers tend to view inquir@s1(60%). The remaining
participants were distributed acrdsarth Science Content Knowledd@eoblem
Solving andOther.
e Physics tend to view inquiry &gdodeling(46%),Physics Content Knowledge
(31%), andSCSI(15%).
Trends are explored through participant interviews in Chapter Five.

The Views of Science-Technology-Society questionnaire was used to measure
NBCSTs’ conception of the nature of science. NBCSTs’ responses were pretamed a
with those of experts for comparison. While the sample was not large enough to make

statistical comparisons, several trends did emerge.
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An overarching finding was that over seventy percent of responses weraedassif
asAppropriateor Plausibleor Appropriate. While this is based upon a sample of twelve
participants and only five VOSTS items were included in the analysis, it does suggest

that NBCSTs hold views of the nature of science similar to experts on the subject

Disciplinary trends were found in two of the five items. For the item, Nature of
Scientific Knowledge: Scientific Models, it appears that chemistry agsiggteachers
hold views closer to expert judges than biology and earth science teachernay tis
due to the more frequent use of abstract models in these classes. Portfolis arzaysi
consistent with this finding in that physics teachers were more likely to inedepor
modeling in their teaching with inquiry. For the item Nature of Scientifiowdedge:
Tentativeness of Scientific Knowledge all disciplines, with the exceptibiotigy,
were similar to the expert views. For the remaining three VOSTS itemsciplidiary

trends emerged and most candidates held views similar to the expert judges.

Finally, NBCSTs’ content knowledge, based on assessments given as part of the
NB certification, was correlated with their scores on the PIl. While aksttistically
significant results were obtained, upon the visual examination of scatterplais it

decided that these were of no practical significance.

In the next chapter, factors influencing NBCSTs’ conceptions and enactment of

inquiry will be explored further using qualitative methodologies.
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Chapter Five: Participant Interviews and Cross Case Analysis

Introduction

The statistical analysis of 48 portfolios from the 2@8@blescent and Young
Adult: SciencgAYA Sciencgecohort provided a starting point for understanding teachers’
conceptions of inquiry and the nature of science, its relation to content knowledge, and
how the NB certification process leads to changes in participants’ canteptd
enactment of inquiry. However, more depth was needed to provide context and examples
of inquiry in teachers’ day-to-day practice. To explore this context Mietged twelve
National Board Certified Science Teachers (NBCSTs), who represaetéautr

disciplines of science in this study. They all achieved NB certification in 2008.

All twelve participants received their certification in 2008 in A¥6A Science
certificate area. Within th&YA Scienceertificate area participants specialized in
biology, chemistry, earth science, or physics. Invitations were sentwvial ¢ a
random sample of 2008 NBCSTs until three participants from each of the foucatstifi
areas accepted. | then sent participants the Views of Science-Tegh8olugty
(VOSTS) questionnaires to complete. Upon receipt of the completed questionnaire, |
scheduled interviews. Prior to the actual interview, an e-mail with a list aktogis
sent to participants to prepare them for the interview. The interview was ceddyct
phone due to the geographic distribution of participants (see Figure 4). During the
analysis and writing stage of this study | sent follow-up e-mails to geatits when

clarification was needed or further questions emerged.

My original intent was to obtain participants who taught primarily or entirely

within one discipline. | made this decision to limit the complexity of particgdant
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teaching context and provide a clear focus on disciplinary differences. Futibbeved

that their conception and enactment of inquiry would be consistent regardless of the
subject area within which they taught. Once interviewing began, | found that fing of
twelve participants taught in more than one discipline. A fifth taught an addlitiona
specialized course on conducting scientific research in addition to her cyerfaisses.

As interviews and analysis continued it became apparent to me that this agmplex
offered valuable insights into how teachers thought about and enacted inquiry imtiffere

contexts.

In Table 22 | present eight participants who teach primarily biology, chrgmist
earth science, or physics. Basic information about their area of NBaadibifi, courses
taught at the time this study took place, and years teaching are included inghdrtabl
addition, school setting and participants’ educational background are presented.
Information on participants teaching in more than one discipline can be found in Table
23. Note that in both tables, course titles, school setting, and educational background are

reported as described by participants.

| decided to place multidisciplinary participants in a separate tabheoth
practical and theoretical reasons. From a practical standpoint it is ngsal@ar which
discipline they should be grouped with. While they do hold a NB certificate in only one
area, this can be misleading. For example, Cathy received her atrtificcarth Science
but primarily teaches chemistry. From a theoretical standpoint, the muttichacy

participants teach in more than one context and are therefore unique.
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Table 22

Participants

Participant | Certification | Teaching Years School Education
Area (2008-09) | Teaching | Setting
Bachelor’s: Bio
Scott Biology Biology 9 Suburban Chem minor
Master’s: Teaching
_ ) Urban/ e D
Amy Biology Biology 5 Suburban Bachelor’s: Bio
Bachelor’s: Bio
. IB Master’s:
Peter Chemistry Chemistry 11 Rural Curriculum and
Instruction
Chemistry, o R
Anita Chemistry | Science 5 Suburban Bach?lgrs. B'O.’
Master’s: Teaching
Research
Bachelor’s:
Earth Teaching Earth
Donna Earth Science_. _. 14 Rural Science
Science s
Master’'s: Science
Education
Sarah Earth Sciencega.r th 8 Rural Maste_r s: Earth
cience Science.
Bachelor’s: Bio and
Education, minors
Diane Physics Physics 30 Suburbanin Chem, Physics
Master’'s: Science
Education
Active o  d
Carl Physics | Physics, 6 Suburban BacheI(’)r.s. Phys_|c\
. Master’s: Teaching
IB Physics
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Table 23

Participant Context: Multiple Disciplines

Participant | Certification | Teaching Years School Education
Area (2008-09) | Teaching| Setting
Bachelor’s: Bio
Tom Biolo Biology, 10 Rural Master's:
gy Physics Curriculum and
Instruction
Bachelor’s: Bio,
AP minor in
Allen Chemistry | Biology, 11 Suburban | Chemistry
Chemistry Master’s:
Teaching
Astronomy, Bachelor’s:
Earth Pre-AP Laboratory
Cathy Science Biology, 8 Suburban Medicine
Chemistry Master’s: Science
Biolo Bachelor’s: Bio
Jane Physics g9y, 8 Urban Master’'s: Bio
Physics

Education
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Figure 4 displays the geographic location of participants. Pilot partisipaat

represented by the check icon. Study participants are represented by ittensta
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Figure 4.Geographic location of participants.

In this chapter | first present description, analysis, and interpretation of
participants’ conceptions, enactment, and goals for inquiry based on interview and
follow-up data. The purpose is to provide insights into the research quédtiendoes
a NBCST'’s science discipline (biology, chemistry, earth science, or physieshce
their conceptions, enactment, and goals for inquiry-based teaching and learning?”

Next, teachers’ views on the nature of science (NOS) are presented to furthe

explore disciplinary differences. Although insufficient data were obtamaddress

how NOS varies between disciplines, possible reasons for the absence of NOS in

participant interviews are explored.
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After presenting NOS data, a brief discussion of the relationship between
participants’ subject matter content knowledge and their use of inquiry is ddscribe
Since statistical results did not provide support for a relationship, it was hopdukthat t
gualitative analysis would provide some detail. However, no support was found and after
interviewing four participants | decided to focus my efforts on other enteagpects of

this study such as teachers’ multiple conceptions of inquiry.

The final section in this chapter explores how teachers’ conceptions and enaxtment
inquiry changed as a result of taking part in the NB certification prodesseks to answer
the research questiorkldw did the National Board certification process alter teachers’

conceptions of inquiry?
NBCSTs’ Conceptions, Enactment, and Goals for Inquiry

In this section | present the conceptions, enactment, and goals for the twelve
NBCSTs interviewed in this study. These cases show the diverse contxts a
communities in which participants interact and teach. From their generaptiessrof
inquiry, to more specific classroom enactment and goals, themes emerge inyhow the
think about and enact inquiry. It is from these themes that broader trends acressease

explored.

A major question in this study was how teachers’ conceptions, enactment, and
goals vary between disciplines. This was explored statistically in Clagieand
several trends were found. However, the statistical treatment, involvingdlysia of
48 NB portfolio entries on inquiry, exists within the context of anonymity and within an
environment in which participants are being scored for certification purposes. incrde

access a broader set of data and take into account the social nature of teacluipgnpart
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interviews were necessary. The statistical results presented in Chatenade it

possible to conduct highly focused participant interviews.

For each of the twelve cases, NBCSTs’ general conceptions, enaanegals
for inquiry are presented. For the four participants teaching in more than apéraisc
both disciplines are presented and comparfedummary is provided at the end of each
case and emergent themes are identified for each participant. These theltitEmes
of Students Conducting Scientific Investigatiddsience Content Knowledgand
Modeling A cross-case analysis is presented afterward to explore broader tnersds a

disciplines.

Biology: Scott

Participant context.

Scott teaches biology in a suburban school in New York State. He has been
teaching for nine years and holds a bachelor’s degree in biology (chemistmy emd a
master’s in teaching. His classes this year include honors biology madfla@inth
graders and a lower ability biology consisting of primarily tenth anceatd grader

students. Scott received his NB certification in biology.

After college Scott worked in an environmental lab conducting soil and water
analysis. He also worked for a short time in an industrial chemistry lab running
analytical tests and later spent several months running PCR analysis orntissuese
(DNA analysis). Overall Scott was primarily involved in routine anadyt@amalysis tasks

and had a limited role in other aspects such as designing experiments or developing
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conclusions from the data collected. As he put it in describing his work with mouse

DNA:

I'd like take little mouse tissue samples, and do like, it was mostly pushing
buttons, there wasn’t much thinking, add this chemical, dissolve the mouse tail,
and | was actually loading a gel and running a electrophoresis, electroDNA

analysis on lab mice.

Due to the routine nature of testing samples his laboratory work had little
influence on his teaching. | asked him about the influence of these experiences on his

teaching.

Wayne (Interviewer): Do you feel like that has had an influence on your teaching

science?

Scott: Probably more in the beginning, you know when | needed to draw
examples, draw some examples to help clarify points and help kids understand
how science works. | haven't really drawn that much the last couple years. It
comes up once in a while but | specifically say “Make sure to tell your story about

when you used to do this for living.”

However, | believe that while he does not perceive an overt influence on his
teaching and onlycomes up once in a whjléhe experience did orient him to the work
in scientific settings and likely plays a role in his conception, goals, andresracif

inquiry.
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General conception of inquiry.

Scott’s primary conception of inquiry is similar to other biology teachers in the
study who view inquiry as students conducting scientific investigations. Als@simil
the importance he places on student choice as an important aspect of inquiry. lAlthoug
student choice is important, Scott also believes that for inquiry to be effectivstibe
structured with clear goals for students. When | asked him what he thinks of when he

hears thquiry in science teachiridie responds:

| think the first word that comes to mind is hesitation. Because it's one of those
where whenever you think of an inquiry project you get nervous in saying, “Am |
going to have enough time to get that done?” But in some cases some projects
are worth it and you can get a lot out of it. | think of balancing the amount of

time it takes to get an inquiry project done with the amount of good stuff that will

come out of it. That's the first thing that comes to mind for me.

While Scott believes the use of inquiry is an effective teaching strately
increases student interest and motivation, his use is bounded by external censtraint
Testing and curricular demands compete with inquiry for instructional timebeHess
about what is possible with inquiry are also constrained by his moving between
classrooms several times a day. When asked about his conception of inquiry he responds
“1 think the first word that comes to mind is hesitatioRdr Scott, a balance must be
established between the benefits of doing inquiry and the impact this will have on
meeting the demands of the curriculum and external tests. This tension isadigbuss

different places in the interview.
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When | asked what he would look for in inquiry curriculum, his response
highlights a need for inquiry to work within the constraints of his school settkey, ta
place in a manageable timeframe, and at the same time engage his stuctamdsicting
a scientific investigation. Here he characterizes scientific ilpag&ins as including

planning, collecting data, and analyzing the results.

Wayne (Interviewer): What are the three, say top three, characteristits yo

look for in an inquiry based curriculum that would make it what you want?

Scott: Yeah, like doable. First it would have to fit the limitations of our building.
It'd have to fit in copier paper box, put out of sight when it's not actually not
actually being used. So, you know, things growing in test tubes, things growing in
sandwich bags, that kind of stuff. It shouldn’t be too long. I'm thinking one week
or three for four weeks at the longest. But it should also engage students, they
should be seeing something happen and they should also be engaged in the
process of tinkering. Where, not only are they watching something happen but
they're also wondering if whatever they did is going to cause a change in the end.
You know, if they change the concentration of a chemical they should be thinking
while the project is going on or while the experiment proceeds, “Is there any
difference? Is that difference because of what | did?” Not just like staring at,

you know, like staring at a TV screen. Saying “Oh, wow. Look at what's
happening. | have no idea why.” So, the students, it should be a project that the
students should be able to engage in and think about as it progresses and | also
think that it should have the, you know, you should be able to plan, data collect,

and do data analysis the way that the National Board outlines it.
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My interpretation of Scott’'s conception of inquiry is that constraints such as tim
testing, and the school setting limit his use of inquiry. As a result, while hed=lie
inquiry to be instructionally effective and something he wants to do with his €|d&ses
struggling to find a balance between constraints and the benefits of inquiry. Based on my
conversations with Scott over the course of this study | believe his conception of inqui
is that he sees inquiry to consist of students conducting scientific investigatioites;, si

to the majority of biology portfolios analyzed in this study.
Enacting inquiry: A biology inquiry lesson

When | asked Scott to describe an inquiry lesson he talks about his Honors
Biology class. He describes students preparing agar gel and placinggit tultes early
in the school year. Then later in the year the students use the gel to investigate f

that influence plant growth. After relating how his students prepared the gelfdee st

And then whenever | got around to it, maybe a few weeks later, | had them
germinate a seed in that gel. It was just an agar gel with a preservative, plant
preservative mixture. In the industry, it keeps mold and bacteria from
contaminating the gel. So they were to sprout the seed in the gel. | gave them a
whole box of different seeds to choose from. It was left over from gardening or
whatever, tomatoes, or radishes, turnips, lettuce, there was probably a dozen or
more different varieties to choose from. But before they sprouted them | wanted
them to melt down their gel and somehow change something, some factor in each
of the tubes. So you, know it could have been adding fertilizer, it could have been
adding salt, sugar. | tried to narrow it down to one factor, you know, one

chemical.
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In the investigation students chose the type of seed they tested and the factor they

wanted to change.

What they had to do was pick a chemical and come up with the different
concentrations in each tube. Hopefully they came to realize that one of them

should be left alone as a control group.
Students also were required to select what data they would collect for thigetves.

One seed placed in a different tube and then a couple of week later they had
sprouted and they could collect some data and it was up to them what data they
were going to collect. You know, measure the roots, measure the leaves, measure
the height of the plant, they were given, we brainstormed as a group and that was
part of the portfolio entry, you know, what are we going measure, what's the data

that we’re going to collect.

In this lesson students are focused on choosing the type of seed they want to test,
selecting a variable to manipulate, deciding what data to collect, and oheterihthe
variable they changed had an effect on the seed growth. His enactment ofoine less
supports my assertion that Scott’'s primary conception is of inquiry involves students

conducting scientific investigations.
Goals of inquiry.

Scott’s goals for inquiry can best be described by the thénte®s Conducting
Scientific InvestigationsWhen | asked about an inquiry lesson for biology he described

a lesson about the factors that influence the growth of plants in an agar medium. After
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first stating his goals of having students make agar and practice labreafstes his

inquiry goal as being:

As far as inquiry goals | just wanted them to come up with a simple experiment, |
wanted them to have a single variable, | wanted them to make sure that they could
set up an experiment that had a control group, and it had a gradient of the
chemicals, not just all or nothing, the control group or nothing, the experimental
group with the chemical. | wanted them to have a range of concentration of the
chemical in case there was going to be any trends that they would see. | wanted
them to choose, go through the process of what data they were going to collect,
that was kind of one of the goals also. What are, “I'm not going to tell you what

to measure. What are we going to measure? What are we going to count? What
are we going to keep track of?” And to realize also one of the major goals is that
you’re not going to get to the end when you think you're at the end. You know,
you're just going to be learning what, if you have to do it all over again what

would you to do it better.

Scott’s description of the goals of inquiry further supports his view of inquiry as
having students conduct a scientific investigation or as he terms it, to coaduwcigie
experiment The focus on manipulating a variable, having a control group, selecting
what data to collect, and the cyclic nature of inquiry highlight how Scott struttisres
conception of inquiry. Although he discusses the importance of other aspects of inquiry
elsewhere in our conversations, my interpretation is that his primary goadjtoryi is

for students to have the experience of conducting scientific investigations.
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In a follow-up communication, Scott describes his goals for his lower ability
biology classes. He has a similar approach to inquiry, although in this cage it is

requirement of the curriculum.

Wayne (Interviewer): Could you tell me a bit about inquiry in your Foundations
biology course? What are your goals for those students?

Scott: The main goal for these students is to pass the NY state regents exam in
biology (known as the Living Environment). There is a significant portion of the
curriculum devoted to experimental design. We do lots of practice with designing
hypothetical experiments, and usually one or two very simple student designed
experiments. Often there is a plant growth experiment where the students choose
a simple variable for two groups of plants (water volume, fertilizer, salt). |
sometimes have them do a survey project also to try to get the answer to a simple
guestion (i.e. what is your favorite style of music?, do you have a favorite radio
station?) to collect data from a large sample size and to get them to carefully

craft the survey to get the best quality output. This is at least something they can

get into, most experiments don't interest them in the least.

For his lower ability students the required external assessment is one of the
primary drivers of his use of inquiry. In essence conducting scientific igaésts,
with a focus on design, becomes the content itself. While his description seemgyin man
ways similar to the inquiry he did with his honors biology class, this may be due to the
curriculum and | am not sure if he would teach with inquiry in the same manner without

this external constraint.
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Another constraint is the level of interest his lower ability students have for
inquiry. While he states that they are not interested in conducting investigagass
able to generate an inquiry lesson that stimulates their interest. NexestHelo not
believe that he is as enthusiastic about inquiry in the context of his lower aluldagybi
class due to their lack of interest. Further, it is possible that the exestiagjtresults in
more direct instruction about the components of inquiry rather than actual inquitgy sim

to the ‘hypothetical experimeritScott mentioned in his response.
Summary.

Based on my conversations with Scott, and a careful reading of his words, | am
confident in categorizing his conception of inquirys@asdents Conducting Scientific
Investigations My interpretation is supported by his general discussion of inquiry, his

enactment of a biology inquiry lesson, and his stated goals.

Discussing inquiry in general, and not related to a specific lesson, Scott cited the
challenge of striking a balance between the benefits of inquiry and the amauomg of
required and the limitations imposed by the school environment. When a balance is
achieved, Scott characterizes inquiry as students planning an investigatioollacting

and analyzing data.

Further support for classifying Scott’s conception of inquirtagients
Conducting Scientific Investigatioean be found in his enactment of an inquiry lesson
on plant growth. In this inquiry lesson students chose variables they wished to
manipulate, planned their investigation, decided on the data they would collect, and
conducted the investigation. They then attempted to generate conclusions from thei

investigation.
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Finally, in stating his goals for inquiry in the plant growth lab, Scott cited hi
primary goal as students designing and conducting a simple experimentnclined
selecting a variable to manipulate, having a control and experimental group, making
decisions on what data to collect, and coming to the realization that at the end of the
investigations they may have generated more questions requiring fusbarate This

is consistent with the categoBgudents Conducting Scientific Investigations
Biology: Amy
Participant context.

Amy teaches biology in an urban/suburban school in Florida. She has been
teaching for six years and holds a bachelor’s degree in biology. This yaatashehing

honors biology, primarily to ninth graders. Her NB certification is in biology.

Amy received her teacher certification through an alternativdication
program. As she states, the program was accelerated and allowed prospsises te

achieve their certification while teaching high school. Amy explains:

| guess equivalent that you would take undergraduate but they’re kind of
accelerated and the excess work is kind of tossed to the side and you're really
focused on the twelve practices and building your portfolio, which is at least in

Florida is the main goal of all college education classes.
And

It was nice because it was cheaper and it was fast and you could do it as long as

you taught secondary school, you could do it while you were teaching.
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In describing her coursework she indicated that the program was less insnse t
a traditional degree in education but maintained the same focus. While it is nbtepossi
here to determine how an alternate certification influenced her conception oyjriquir

does represent a different path into teaching.

This interview provides an example of a teacher whose conception of inquiry is
different from her enactment. Amy represents one of the few cases whezactner thas
a distinct conception of what inquiry “should be” and another that is present in her

teaching.
General conception of inquiry.

In our initial conversation Amy used the wati$coveryto describe inquiry.
Based on our discussion | tatiscoveryto mean activating students’ prior knowledge
through a demonstration or experience. This helps them ask questions which they can
then seek to answer. However, she believes it is then necessary to supplement thei
learning with factual knowledge. This is shown in her response to my question about

how she would describe inquiry. She states:

| guess it’s letting the students learn through discovery. Um, where they are
posed with some sort of, demonstration, or experience that makes them question
perhaps their previous knowledge or make them want to learn more, and by doing
the activity or the lab work or thinking about the question they kind of come up
with, in lack a better word, come up with the answer through | guess discovery
learning, and then you supplement what they have discovered with more factual

or more of the details of what they have just discovered.
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The need to supplement the inquiry/discovery experience sughgdlement what
they have discovered with more factual or more of the detedald be interpreted to
mean that Amy does not believe that inquiry is an effective way for studengsrio le
science content. Her description of inquiry has a structure similar to otheg\bi
teachers in the study with students asking questions and taking part in inwestigat
answer their question. However, she differs in her focus on factual knowledge,

something she mentions several places in the interview.

Probing where she was introduced to the term “discovery” | asked her:

Wayne (Interviewer): When you say discovery learning, is that something that,
I've heard that term before by a lot of folks, is that you something you studied

when you got your science education classes or is it just a term you use?

Amy: No, not in college, | think it was a term more so introduced by the
alternative certification test that | took, because | don’t have a degree in
education so to get your certification in Florida they offer, instead of going back
to school and getting a masters or bachelors in education you can take alternate
certification, which kind of guides you in the education process. That's probably

where | discovered it.

My interpretation is that when she describes discovery learning it origifrate
her education coursework. However, her use is not well-developed; most likely a result
of being removed from our initial discussion and the context of a specific inquiry

teaching situation.
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From her earlier responses | began to believe that Amy did not hold the belief that
inquiry supported student learning is any better than other instructional istsatéy

order to explore what she thought about the importance of inquiry, | asked her:

Wayne (Interviewer): Why do you think inquiry is important to have in our

classrooms?

Amy: | think that students, if they learn through inquiry based learning it is more
impressionable on them and it's more relatable to them, than other the other types
of learning that there are, because it asks them to call upon their own previous
knowledge and it asks them to think about every day so it allows the student to, |
think, to relate a lot of the concepts to their own life and | guess internalize that

learning a little bit better.

For Amy the importance of teaching with inquiry is its relationship to students’
previous knowledge and their everyday life. As a result they internaézeohceptsd
little bit better” Her choice of wording may indicate that she holds a belief that inquiry
doesn’t offer significant learning advantages over more traditiondlitepstrategies
such as lecture or worksheets. However, for Amy, it does build connections to students’

existing knowledge and experiences outside of the classroom.

At the end of the interview she states her support for inquiry teaching but also

cites obstacles that prevent her from doing inquiry frequently.

Wayne (Interviewer): Do you want to say anything about inquiry in general as

we wrap up here?
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Amy: Oh, I think we went over it. | think that it's a great idea, | think that it
makes learning more memorable, but | also think that with the number of
standards that we have to cover in any course it would be very difficult to
implement it into every activity, every day, or to have an entire curriculumrynqui

based.

Her response could be interpreted to mean that she believes the education

community is encouraging inquiry to be the predominant form of teaching, sométhing s

does not believe to be possible in her context. Science content, something Amy does not

believe is strongly supported with inquiry, is of prime importance as she trieeto me
curricular standards. As a result, | believe, Amy has two distinct coansif inquiry:
what she believes the vision of the science education community to be, and her own

personal conception.
Enacting inquiry: a biology inquiry lesson.

There is a marked difference in how Amy describes inquiry in general and her
enactment of a specific inquiry lesson. In her previous description of inquimycscie
content knowledge was reinforced after students answered their reseat@ngudsere
it plays a more central role in her example of an inquiry lesson on hypertonic and
hypotonic solutions. In the example inquiry lesson provided by Amy, students don’t
engage in asking questions or designing an investigation. Instead, they obserake sev
different chemical solutions and come to some conclusions about what is happening to
the cells in those solutions. Thaetails' are then presented to the students by the

teacher.
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Wayne (Interviewer): Could you talk the, an inquiry lesson plan that you've

done, and if it's from your portfolio that's fine?

Amy: Ugggggh. Um, well when | teach osmosis and diffusion and stuff along
those lines we generally start off with labs which have to deal, like, | know there’s
a lab, a lab that | do, and | show them, | put it in different solutions, and we blow
the egg up, and it shrinks, and they have to figure out the properties and I'll use,
you know lettuce or celery or something with dye, and they kind of have to come
up with is happening and what's happening to the cells based on what they see,
and it kind of leads us into, okay this is a hypertonic or hypotonic solution, and |
give them the details but really they come up with the mode of transportation in
and out of the cells themselves on their own. | guess that would be the best, that

would be one example.

Her initial response ofUgggggh may indicate a discomfort with inquiry. My

interpretation is that she believes inquiry is intended to include students designing

own investigations but that there is insufficient time for this to take place in her

classroom. Therefore she provides students with directions to conduct the ineestigat

and asks them to make observations. Based on their observations, students then work

together to develop explanations for what they observed. Additional details are then

provided by the teacher.

In the inquiry lesson on hypertonic and hypotonic solutions students are shown a

demonstration and they must figure out what is taking place; in this case, homeebsta

move into and out of cells. From her description it appears that inquiry is used to help

students acquire content knowledge. However, inquiry alone is not sufficient and the
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teacher must intervene to make sure students have the information. This assertion i
supported further when Amy describes the structure students are given whamngtgy e
in inquiry.

Wayne (Interviewer): So when you are doing that what is the structure that the

kids have, what is expected of them, from start to finish through that?

Amy: Well they are, | have found that it's easier to give the students some sort of
direction list instead of asking them to come up with their own directions, which |
know is a little bit, some people don't like to do that with inquiry based, they think
that that you just give the students, you know, the raw materials they should come
up with the plan on their own but sometimes, for lack of time and the pacing in the
curriculum | generally give them the directions for how to run the lab, then | ask
them to make observations about what they see, and then ask them to compare
and contrast the different solutions that they see around the room and the
different things that are happening and come up with possible explanations and
then we as a class kind of go over what would be good explanations and bad
explanations and eventually we narrow it down to the right reason that it is
occurring and after that | usually give them a little bit more detailed notes to give
them the vocabulary to help them explain what they saw and have come up with,

and you know, then we move on.

Her description is closer to more traditional labs where students are prowded a
of procedures and have minimal input into the questions asked or design of the extperime
As she states] ‘generally give them the directions for how to run the Idhn..

comparison to most other interviews in the study, Amy offers a more limitedpiescof
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an inquiry lesson plan. Further, it appears that the primary purpose of the lesson is for
students to learn the science content knowledge, which is then supplemented with class
notes. Amy differs from most biology teachers in this study with a focus on content

knowledge as the central role of inquiry.
Goals of inquiry.

In discussing her goals for inquiry, Amy returns to the theme of relatingrga
to students’ previous knowledge and experiences. She also discusses the importance of
getting students to enjoy science and be ableun a good experimefit This is a

markedly different from how she enacts inquiry in the classroom example she provides

Wayne (Interviewer): When you look at your goals for doing a lesson like that,

what would you say your main goals are for the students?

Amy: | guess that each student can relate to it, which is probably the most
difficult thing in preparing an inquiry based learning, you know lesson or lab, or
whatever it may be, is that some students don’'t have any experiences with
produced or whatever materials that you’re working with, so that's always a big

concern of mine with them.

When | questioned her further about what she wants students to learn from the

experience, she stated:

Amy: Um, in all honesty? Probably less that they know the exact solutions, but
that they can explain things that they see very day, like why wouldn’t we put a
frog in salt water, in that particular lesson. Overall | would like for them to

realize that science isn’t necessarily difficult or tedious, nor do you have to have
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a big vocabulary but you should be able to run a good experiment and know
exactly why you got, like you know that your experiment was ran right and there
was no other outside variables that could come into it, so that when we get out
into the real world they can run simple experiments by themselves and think more

scientifically about things.

Her response is different from the enactment of inquiry in her example lesson.
Here she talks about students conducting scientific investigations, studentalileitg
“explain things that they see very daghd ‘think more scientifically about things’in
contrast, in her lesson on hypertonic and hypotonic solutions there is no evidence of

students conducting experiments or manipulating variables.
Summary.

Amy presents a case of an individual holding two differing conceptions of
inquiry: one of what she believes inquiry is supposed to look like, and another that she
enacts in her classroom. My interpretation of our conversation is that healgener
conception of inquiry and her goals were constructed from experiences in her teacher
education program and the portrayal of inquiry in the education community. Her
enactment, however, presents what she believes was possible and appropriate for her

students.

| believe Amy holds the conception that inquiry is intended to involve students
conducting scientific investigations and as she stalesing the students learn through
discovery.” In addition she also believes that content knowledge is an important
component. In this sense her conception of inquiry is similar to other biology teacher in

this study. Her goals for inquiry also reflect the importance she placésdemts being
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able to conduct scientific investigations or tarf a good experimerit However, this
conception may be more based upon what she perceives to be the intent of inquiry in the
educational community. Therefore, | place Amy in two categories based on her
conception and enactment of inquiry. First, her conception and goals of inquiry are mor
aligned with the them8tudents Conducting Scientific Investigatianth a lesser focus

on content knowledge. Second, her enactment of inquiry would fit into the category of

Content

Biology and Physics: Tom

Participant context.

Tom teaches both biology and physics in a rural school in Wisconsin. He has
been teaching for ten years and holds a bachelor’s degree in biology and & mmaster
curriculum and instruction. This year his teaching load is split between biology and
physics. For physics his students are primarily juniors while his biolagests are

juniors and seniors. His NB certification is in biology.

Because he teaches in a rural setting Tom teaches a variety of elagsevary

considerably from year to year. This year he has to prepare for fevezediftlasses.

Wayne (Interviewer): And you said you normally teach biology, physics, and

physical science. What's kind of the, | guess, the ratio there?

Tom: It varies from year to year. This year | have, a biology and physics,
probably a 50/50 ratio. And it varies, we’re so small and so rural that | end up

with different class loads every single year.

Wayne (Interviewer): | guess the rural teachers have to teach more subjects.
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Tom: Everything, right, exactly.
Wayne (Interviewer): Okay.

Tom: This is one of my better scheduling years; I've only had two preps this year

instead of four or five like | normally have.

Although he does not mention the impact of multiple courses on his use of
inquiry, it most likely limits the amount of time he has to plan and prepare for thé use o

inquiry lessons.
General conception of inquiry.

Tom believes teaching with inquiry supports student learning and that students
develop a deeper understanding of the science content. Furthermore, he believes that
students are more engaged in the learning process. For Tom, inquiry places students
the role of producing or uncovering information with less emphasis on the teacher

providing it directly. When | asked him to define inquiry, he responded:

Tom: | would define it as allowing students to discover scientific facts or

information on their own as opposed to giving it to them.

Wayne (Interviewer): And why do you think there’s a lot emphasis placed on

inquiry by the National Board or the National Science Teachers Association?

Tom: | think it's real advantageous for student learning. | find at least, that when
you tell someone something, it really registers with them, if they can discover it on
their own. So they understand how the facts work because they first have
established that question and actually recognized that they didn’t understand it at
the beginning.
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Wayne (Interviewer): And for you personally why do you think that inquiry is

important?

Tom: Cause | see the educational significance of it. | see students learn and

understand more from it, and | also see it as being a lot more engaging for them.
Wayne (Interviewer): Okay. So it's something that they enjoy more?

Tom: It's something that they enjoy more and it really also makes the point

concrete, whatever that points going to be.

This general definition of inquiry is broad without offering many specifics.
However, in describing specific science lessons he has taught with an ingqepgqgtire
he provides more details. These details offer an opportunity to better understand hi
conception of inquiry in different disciplinary contexts. Based on his description of a
inquiry lesson plan for biology, and another for physics, my interpretation of his use of

inquiry suggests that Tom enacts inquiry differently in teaching biolodyhwpsics.
Enacting inquiry: a biology inquiry lesson.

Based on my conversation with Tom, | interpret his primarily focus in using
inquiry in biology to be on students conducting scientific investigations. This is shown
with his biology students who are involved in generating a hypothesis, changing a
variable, controlling the other variables, collecting data, and coming to a dondiois

confirm or disconfirm the hypothesis.

Wayne (Interviewer): Is there a biology lesson plan you could talk about just to

contrast with the physics?
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Tom: ... let me think back now, we talked about how exercise increases, or
changes body, heart, changes your physical needs, the requirements for you body.
So the theory was, the hypothesis was that increased exercise would change your
body some how. Is kinda of what | said. They | asked the students to come up

with some sort of lab, some sort of test, to try to prove this hypothesis.

Wayne (Interviewer): So they were to prove the hypothesis and they had quite a

bit of latitude in terms of how they wanted to test that?

Tom: Yes, very much so. And the way it worked out, they had recommended that
we go to the weight room and we have students, a student on an exercise bike and
monitor heart rate, respiration rate, temperature, and uh, there’s one more

variable, | forget what it was now.

In his description, students have an active role in selecting the variableslthey w
test and how the experiment is designed. Although they are learning about human
physiology the emphasis is on conducting the investigation. Later, recalladp#ional
variable that students changed, Tom discusses the measurement of how much oxygen
was consumed by exercise. In his explanation he discusses how students collacted dat

that did not fit their expectations.

One of the other variables that they tested for was the amount of oxygen used. So
they ended up taking oxygen samples and then of air that was exhaled. It was
interesting, those are the numbers that didn’t really line up with their hypothesis.
They thought that the numbers of oxygen in the exhaled air would go way down,
and it didn’t go down that much at all. So they started to, certainly try to explain

that away, and explain why they that was happened, just happened [?] hypothesis
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My interpretation is that Tom brings up this example to illustrate the impertanc
of students interpreting data to generate their conclusions, even if it does rnaitfthey
expected to find. This provides further support that Tom conceives of inquiry in biology
as students designing and conducting investigations and then generating daaranclus
This is similar to the majority of biology teachers in the quantitativéoseot this study.

However, when teaching with inquiry in physics, he holds a different conception.
Enacting inquiry: a physics inquiry lesson.

For physics, Tom’s goals involve students gaining an understanding of the content
knowledge and developing a mathematical model for predicting the motion of a marble.
There is no mention about hypotheses, variables, or data collection. The emphasis is on
making calculations based on a given problem and then performing a test to see how

accurate their calculations were in predicating an outcome.

Wayne (Interviewer): Could you describe you an inquiry lesson plan that you've

done, in detalil.

Tom: Sure, | do one in physics that seems to work our pretty well. We have a, |
have a student set up a track, like a Hotwheels track, and they set up as a ramp,
probably 30 cm tall, and the ramp, this whole track is probably a two feet, three
feet long. So it’s a ramp that [?] Hotwheels ramp, we use a test, we use a ring
stand to hold it up, and it ends up going down to the lab table and they can send a
marble off the, we accelerate a marble off of the lab table. So it rolls off and hits

a spot on a floor. So can you imagine that setup?

Wayne (Interviewer): Yeah, definitively.
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Tom: Okay, so | show them that set up and | explain that the purpose of doing this
is trying figure out exactly where the marble is going to land on the floor. So they
calculate that. And this is ahead of learning projectile calculations at all. We

haven't done any of that prior to this.

Wayne (Interviewer): So you're getting them to kind of figure out how to do it

before even ...

Tom: Yes. So there’s two steps. First of all how are they going to figure out how
to do it. What are the calculations involved. And the second part is getting to the
math of it. So they go ahead and I give them [?] much like that and tell them to

go ahead and figure it out ...

An essential feature of the projectile motion lab is that students are using
calculations to predict where the marble will land prior to being taught thé@tpia
involved. While content is an important goal for Tom the emphasis is placed on using

math to generate a way to predict projectile motion.
Goals of inquiry in biology.

The goals Tom has for biology and chemistry are similar to what was found in the
guantitative analysis of portfolio entries. Like most other biology teaah¢nss study,
Tom also has a primary goal of having students conduct scientific investigations. He
emphasizes the use of hypotheses, developing procedures, controlling variables,

collecting data and communicating results.

When | asked what his goal for this inquiry lesson was he emphasized students

conducting a scientific investigation.
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Wayne (Interviewer): And what was your goal for doing that with them?

Tom: My goal was for them to first of all, take a look at the question, the
hypothesis, and take a look at the human body as far as what systems are affected,

and then to design an experiment based on that.

Wayne (Interviewer): Okay. And when you have them design an experiment, how

in-depth do you have them go in terms of talking about variables, and hypotheses ...

Tom: Pretty in-depth. We talked about different variables and controls and
making sure they had, it was tough for this one because they recognized the fact
that you had to have a single person doing the experiment and they also identified

the fact that that person would get fatigued after a given amount of time.

Wayne (Interviewer): Right. So if you change the person you might have

changed ....

Tom: Yeah, you change the variable. They felt that if you have the person do the
exercise and give them adequate time in between the exercise to catch their
breath and get their heart rate back down again that that was sufficient for the

experiment.

For biology, the primary goal of inquiry for Tom falls under the thent&toflents
Conducting Scientific Investigationg om described an inquiry lesson where students
investigated the effect of exercise on human physiology. When asked about a biology

inquiry lesson, he responds:

... we talked about how exercise increases, or changes body, heart, changes your

physical needs, the requirements for your body. So the theory was the hypothesis
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was that increased exercise would change your body somehow. Is kinda of what |
said. Then | asked the students to come up with some sort of lab, some sort of

test, to try to prove this hypothesis.

His description involves a hypothesis for which students were to come up with an

investigation. This is echoed in his description of his goals for inquiry.

My goal was for them to first of all, take a look at the question, the hypothesis,
and take a look at the human body as far as what systems are affected, and then to

design an experiment based on that.

Inquiry in biology for Tom is centered on designing and conducting an
investigation and then generating a conclusion similar to the majority of bitdaglers
in the quantitative section of this study. However, when teaching with inquiry ircphysi

he holds a different conception.
Goals of inquiry in physics.

Similarly to other physics teachers in this study, Tom stated goals involve
problem solving and developing mathematical models. In this case, studentstheedict
projectile motion of a marble based on their calculations. Content knowledge is less

emphasized in the interview but Tom describes it as an important goal. Taosn state

My goals for them are to have them be able to calculate, first of all, two parts.
Number one, to understand the [?] projectile motion. Being, two different forces
involved, horizontal and vertical. And the second part is for them to be able to
calculate using the formulas that we do eventually learn. And they have actually

learned through that process.

151



For physics, Tom’s goals involve students gaining an understanding of the content
knowledge and developing a mathematical model for predicting the motion of a marble.
An essential feature of the projectile motion lab is that students are ukinigitans to

predict where the marble will land prior to being taught the equations involved.

Tom: Okay, so | show them that set up and | explain that the purpose of doing this
is trying figure out exactly where the marble is going to land on the floor. So they
calculate that. And this is ahead of learning projectile calculations at all. We

haven’'t done any of that prior to this.

Wayne (Interviewer): So you're getting them to kind of figure out how to do it

before even ...

Tom: Yes. So there’s two steps. First of all how are they going to figure out how
to do it. What are the calculations involved. And the second part is getting to the
math of it. So they go ahead and I give them [?] much like that and tell them to

go ahead and figure it out ...

While content is an important goal for Tom the emphasis is placed on using math

to generate a way to predict projectile motion.

Comparison of inquiry in biology and physics.

In addition to having differing conceptions of inquiry for physics and biology,
Tom believes that teaching physics with inquiry is easier than biology. Himeots
suggest that inquiry in biology is more complicated and with less certain outdoames t

physics.

Tom: To go along with that I find it much easier to use in physics.
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Wayne (Interviewer): Really?

Tom: | don’t know why that is, | suppose because there just so many more
activities that I'm used to use or able to use in physics. It seems like evéry day
can throw three or four different labs or activities in and | change those to make
them inquiry based. And for biology it seems like a lot of the labs turn to be more
difficult and [?] start out with a hundred and seventeen different step process to

get through them and it's more difficult to modify those.
Wayne (Interviewer): That’s kind of interesting ...

Tom: There’s great examples from both, you can do all kinds of different things

with plants and animals. But | just find it a lot easier to use in physics.

One interpretation is that the structured approach Tom uses with biology allows
him to manage the perceived complexity or theridred and seventeen different step
process to get throughFor physics his goal is more centered on problem solving and
content knowledge. In his physics inquiry lesson there is only one correct answes and t
outcome is known. Therefore, there isn’t as great a need for the structurectlapy@oa
used with his biology inquiry lesson. In contrast, in the biology inquiry lesson there are a
number of challenges in designing the investigation and the outcome is lags CEhis
not only gives students more choices in the design, data collection, and discussion, but

also requires more flexibility for the teacher.
Summary.
This is an informative interview primarily because Tom teaches both physics a

biology. As a result, the interview provides insights into how a single teacheawan h
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differing conceptions of inquiry based upon their teaching context. While his general
conception of inquiry does not offer many specifics, his description and goals of a

biology and physics lesson plan follow the disciplinary trends seen in this study.

In his description of a biology lesson, Tom approaches inquiry with a focus on
students conducting scientific investigation. His enactment consists of stedganing
in generating hypotheses, experimental design, manipulating variablesnaing to a
conclusion based on the original hypotheses. For physics, the emphasis is ondiguring
how to predict the path of a marble rolling down an inclined plane. Here, students use
mathematics to understand the relationship between variables and develop a model to

predict projectile motion.

Prior to the interview, | was not aware that Tom taught both biology and physics.
In recruiting participants my intent was to only invite NBCSTs who taughimtne
discipline. This proved to be difficult because of year-to-year changes in course
scheduling. However, | found that because Tom teaches in more than one discipline his
interview offered insights into the influence of discipline on teachers’ conceptions

enactment, and goals for inquiry.

Based on my conversations with Tom, | believe his conception, enactment, and
goals for inquiry depend upon the discipline in which he is teaching. For biology, the
theme ofStudents Conducting Scientific Investigatismost appropriate. For physics,
he is most closely aligned with the themeévimideling Perhaps most important is that
Tom provides a case showing that teachers’ conceptions of inquiry are notretatana

be considerably different depending upon the context in which they are teaching.
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Chemistry: Anita

Participant context.

Anita teaches chemistry in a suburban school in Florida. She has been teaching
for five years and holds a bachelor’s degree in biology and a master’s in teadeing
classes this year include honors chemistry, Advanced Placement Cixeamdta course
entitled Science Research. Students in her Science Research class eseduct in
preparation for a science fair competition. Anita received her NB cattificin

chemistry.

Anita is of special interest because she teaches in three different spHigxors
Chemistry, AP Chemistry, and Science Research. This provides an opportunity to

explore her use of inquiry with differing external constraints.

General conception of inquiry.

The interview about Anita’s conception of inquiry is shorter than most
participants in the study. Initially | found it difficult to discern Anita’sdeption of
inquiry. When | asked her to describe what she thinks of when she hears the term

“inquiry in sciencéteaching she replies:

Anita: Pretty much self discovery where the students are actually engaged and

trying to figure a problem out.

Wayne (Interviewer): And what are they doing when they’re figuring the problem

out? What structure would go along with that?
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Anita: Well there’s a proposed question and then through some guided
suggestions, and letting them brainstorm and then guiding them through the

problem to achieve the actual outcome.

Wayne (Interviewer): Okay. And what would a goal of that be, from an

educational standpoint.

Anita: Actually if they're learning it on their own or they’re figuring it out

they’re making more connections where it's more likely to be remembered.

The brevity of her response could be interpreted to mean that her conception of
inquiry is still developing. Anita describes inquiry as a processeif tliscovery'where
students are solving problems with some guidance from the teacher. Howeveesshe se
the educational purpose of the discovery process as studsis) more connections
where it's more likely to be rememberedrhe goal of students remembering
information indicates that she believes supporting chemistry content knowldtige is
primary focus of inquiry.

Enacting inquiry: a chemistry inquiry lesson.

Her description of an inquiry lesson plan is consistent with her initial description
which focused on content knowledge and problem solving. When asked to describe an

inquiry lesson plan in detail for her honors chemistry class, Anita talks about adab w

students are studying double replacement chemical reactions.

Anita: Students were given eight unknowns. And they were given a list of the
possible substances they could be. We had finished completing chemical

reactions, double replacement, single replacement, [?] reactions, and had done
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some basic labs with those. They were asked to figure out, to describe a way to

identify the unknowns, and then they actually proceeded back to the lab to do so.

Wayne (Interviewer): So they were given the unknowns and what they might be

and their job was to determine what the unknowns were.
Anita: Right.
Wayne (Interviewer): And what was your goal for them doing this lesson?

Anita: It was for them to actually figure out that the double replacements and to

see the different colors of the precipitates that formed.

Anita’s goals for this inquiry lab are limited to developing a procedure to fgenti
unknown chemicals based on the colors and precipitates formed by double replacement
reactions. Based on her description of the lesson plan, and her stated goals, my
interpretation is that Anita’s enactment of inquiry is related to studentogewgan
understanding of double replacement chemical reactions and problem solving. However,
because her responses did not offer many specifics, this assertion is natinetémin
with other participants. Both structured scientific investigations (manipglaariables,
control groups, etc) and developing models of phenomena did not emerge as themes in
our conversation. The primary purpose of inquiry for Anita is the development of

chemistry content knowledge.

Further support that chemistry content knowledge is a primary goal from Anita

can be found in her response where she clarifies the saifrdiscovery,
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Wayne (Interviewer): When you say self-discovery, could you explain &ikittle
more? I've heard someone talk about discovery and | just want to see what you

mean by it.

Anita: Yeah, for example | do a lab where, it's a rates of reactions, and they have
to figure out what's affecting the rate of reactions and before that what knows
what actually affects the reaction | have, we set up and say “What can we do with
this and how does this differ?” and they do a few things and one of them is the
different temperature of water. And I give them an Alka-Seltzer tablet and after
performing it and playing around with it what they notice is that the hot water
tablet dissolves faster. And so by increasing the temperature they’re actually

seeing the rate of reaction is increasing with me actually going over that concept.

Her response indicates that by experiencing the chemical phenomérantits
students will learn the concept without the need for direct instruction. Here &gain, t
focus is on the content knowledge. In this case the discovery/inquiry experiencse serve

as a substitute for more traditional instruction.

Both her purpose and definition of inquiry are not specific and do not include
themes such as students experiencing work like scientists, increasingsstinderest in
science, or generating models. For Anita, the primary goal of inquiry s$udents to be
able to better remember the content knowledge involved in the investigation with a
secondary goal is to engage students in problem solving. This suggests that inquiry for

Anita is primarily a means to help students acquire and recall chemistentont

Enacting inquiry: a scientific research course inquiry lesson.
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Anita also teaches a class called Scientific Research. Students in g& cour
conduct their own research that will be entered in a science fair. Her desabipt
inquiry in this course is more specific about the elements and structure oftstude

investigations.

Yeah, it's actually based mainly for students participating in our science fair. So
they're working on a lot of individual projects or small group projects where
they’re actually coming up with the problem, designing the experiment,
implementing either at school, at research facilities, or at home. And then
presenting in the fair. And then after the fair | do a bunch of group projects
where they're doing a Rube Goldberg and they have to come up with a way to

finish that as well.

In the Scientific Research course students are assuming the role of tsarehtis
conducting experiments. They are asking the questions, designing the experiment
collecting data, and then presenting their findings at a science fain. ifestigations

are supported by a formal structure mandated by the international rulegefaresfairs.

Anita: We have to follow the international rules as well. So that when they move

on to state or international fairs all the paperwork is set aside correctly.
Wayne (Interviewer): And would you term what they’re doing as inquiry?

Anita: Definitely. Because they’re actually coming up with the question and then
trying to find a way to a way to prove it or solve it or get more information on

that topic.
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Wayne (Interviewer): So they develop the question and they would design the

procedures and you would sign off on that. What would they do after that?

Anita: Then they would actually perform the procedures and collect the data and
analyze the data and then finally make a final conclusion based on that

experiment.

In her response to whether her students are doing inquiry, she cites asking thei
own question as evidence. According to Anita, they mastifally coming up with the
guestion and then trying to find a way to a way to prove it or sohanitdea she
discussed earlier in the interview. In describing inquiry in her ScieRédgearch
external constraints define how she engages students in inquiry. The Intetnationa
Science Fair rules must be followed if students are to be able to compete,in stat
national, and international science fairs. However, approach to inquiry does nairtransf

to her honors or AP Chemistry courses.
Goals of inquiry for chemistry.

Based on the evidence presented in this participant profile, for Anita the yprimar
goals of inquiry are to support learning chemistry content knowledge and teeengag
students in problem solving. However, analysis is difficult due to the limited intervie

data.
Goals of inquiry for scientific research.

The International Science Fair rules and regulations provide an exterdel of
inquiry for Anita. What is intriguing is that Anita has a structure for inquiryar

Scientific Research class but does not apply it to her chemistry classes.
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She believes her students are engaged in inquiry but her conception is different
than that of her honors and AP Chemistry classes. This may be related to sHfergoal
each class. Chemistry contains more content knowledge whereas thdiSé&testarch
is driven by conducting actual research. Still, her conception of inquiry in Ghemis
differs considerably from her Scientific Research class. This providdseamutance

where the conception of inquiry is dependent upon context.
Goals of inquiry for AP Chemistry.

Similar to other teachers in the study, Anita finds it difficult to do inquiry with he
AP class due to time constraints imposed by the curriculum. In contrast tadrereSc
Research course, the external structure of AP Chemistry constraing leéringguiry. In
AP Chemistry inquiry is described as beimgén activitieswith a goal of building

interest in the chemistry content knowledge.

Wayne (Interviewer): With AP could you talk a little bit about how you might do

inquiry in an AP setting?

Anita: AP is probably a little harder to do because of all the requirements and
required labs. But | do try to do open activities to engage them and get them
interested in the chapter topic that we are going to be covering. And that may be
by performing the lab and then having them describe what happened and how

that applies to what we’re going to be learning.

Wayne (Interviewer): With AP what are your goals with inquiry? Why do you

think it's important for them to do?
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Anita: Again with the inquiry they’re making all those connections. It's going to
be a lot easier for them to learn it and remember it if they’re the ones actually

doing the process instead of me getting up there and saying this is how it is.

For AP Chemistry the primary goal is for students to remember the cortent
she states,it'is goingbe a lot easier for them to learn it and remember itiquiry
offers an effective way to support this learning. An overarching contexatatdéeof AP
courses is the external exam administered at the end of the course. The exam has
consequences for both students and teachers. For students, doing well can result in
placing out of college courses. For teachers, student scores are repcktertha
school. linterpret the goal of students remembering content to be a result dethalex

AP exam.
Summary.

Three different contexts for teaching with inquiry are presented herergiono
Chemistry, AP Chemistry, and Science Research. Comparing the use of witjuimy
those contexts can enhance our understanding of how external testing and curricular

constraints can influence a teacher’s use of inquiry.

Like many other participants teaching in more than one discipline, Anita held
different conceptions of inquiry depending on the context. For her chemistrylotass
followed the theme of inquiry as a means to teach science content knowledge. In he

Science Research class the focus was on students conducting scientifigatioast

In Anita’s Science Research course the curriculum, based on the loteahati

Science Fair rules, imposed an approach to inquiry. As a result the class focused on
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conducting scientific investigations. In contrast, the AP Chemistry alunicplaces an
emphasis on chemistry content knowledge which is assessed by an external thxam wi
consequences for both students and teacher. As a result Anita approached inquiry with

the purpose of supporting content knowledge.

The two classes, Science Research and AP Chemistry, are at oppositeeends
spectrum. The both placed external constraints on how Anita used inquiry but those
constraints resulted in students conducting scientific investigations in osenths
focusing on chemistry content in another. Finally, in her Honors Chemistry clats, A
viewed inquiry primarily as chemistry content with a secondary emphasis on psoblem
solving. This is similar to her initial general definition of inquiry. | intetghis to be

how she views inquiry in a less constrained context.

Chemistry: Peter

Participant context.

Peter teaches chemistry in an urban school in North Carolina. He has been
teaching for eleven years and holds a bachelor’s degree in biology (¢lemistr) and
a master’s in teaching. His classes this year include InternaBanablaureate (IB)

Chemistry and Honors Chemistry. Peter received his NB certificatiohem(Gtry.

After college Peter held several jobs involving the chemical analyssngples.
He worked in an environmental chemistry lab, an industrial lab, and for a short time in a
lab where he analyzed mouse tissue samples. These jobs involved routine sample
analysis and did not involve planning or designing research. Overall the jobs were of a

short duration and Peter did not find them particularly demanding.
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| didn’t feel terribly challenged. Once I learned how to use the FTIR and not

break it. then | found myself doing the same thing every day, ...

Peter came to teaching through the Teach for America program. Asteheesul
was able to begin teaching immediately without completing a teacher giepara

program.

The majority of the interview discusses inquiry in Peter’s International
Baccalaureate classes. The IB program has specific currieglarements, rubrics, and
assessments. Therefore, a challenge for this participant profile is tatedmar

conception of inquiry from the vision provided by the IB program.
General conception of inquiry.

When asked to describe what he thinks of when he hears theineuny in
science teachirigPeter immediately begins discussing inquiry in the context of the

International Baccalaureate program.

For me a lot of the inquiry learning, for IB anyway, they have to do a series of
planning or design labs, where they have to choose their own experiment give a
very broad starting point, like, investigate factors influencing the rate of chemical
reactions is one that my juniors are doing. They get to pick whatever they want,
they start by picking a dependent, an independent variable, excuse me, and a
dependent variable, preferably one that they can graph if at all possible.
Something that is continuously changing over a range of values. Like
temperature or volume of carbon dioxide collected or something. So they have to

plan out the lab, the procedures, the materials, the hypothesis, all that kind of
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stuff. Then they have to actually carry out the lab and then do analysis,
conclusion, and evaluations and all that kind of stuff. That's, when | do inquiry in
chemistry it's often in the form of something like that. 1 try to keep it, it's
required for IB so it's convenient, you know, it's not like | have any way around

it. [?] Butl enjoy it, it's fun.

When asked about inquiry, Peter thinks first of the context of IB stafiagrhe a
lot of the inquiry learning, for IB anyway ..."This indicates to me that his general

conception of inquiry is informed primarily by the IB curriculum.

Based on his description, his conception of inquiry appears to be for students to
conduct scientific investigations. However, it is difficult to determineyfdifferences

exist between the 1B curriculum and how he personally thinks about inquiry.

Wayne (Interviewer): Okay. And you would say that the IB has kind of given you
a model? Do you like the way they have set inquiry up or would you do it

differently if you could?

Peter: | think what they do is fine, it makes sense. It's a broad starting point and
gives certain things, certain specific that they are looking for, you know they’re
not expected to start go into dynamite or nuclear fusion or anything. So it’s, but,
you know, they expect broad starting points like what | said, | gave the students
the kinetics lab they’re doing now, [?] investigating some factors [...] a chemical
reaction, be sure you pick materials which we have in our stockroom, check with
me on your procedure before you start writing it, make sure it's okay, like the [?]

says, you’re going to collect that you're going to collect, and then after you wrote
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the procedure then we take a look at it to make sure that you’re not going to do

anything that’s going to kill you or another person.

So that’s basically what the lab says and all the planning labs, the design labs
have a procedure, an outline, that goes something like that, very short, one
paragraph, and you know, | think that’s the point of inquiry, it gives them a
platform, some general direction. And then beyond that, just give them, let them
know what the rubric is ahead of time, how they’re going to be assessed, [?] use
planning it, and you want to let them make mistakes so long as they don’t hurt

themselves.

His response indicates that he is comfortable with the IB model of inquiry and he

does not make any negative comments or suggest areas where he differserFor Pet

inquiry gives studentsa’broad platform, some general directiaand then engages them

in conducting the investigation. This conception of inquiry closely matches tinedB|

for inquiry.

Enacting inquiry: a chemistry inquiry lesson.

In discussing an inquiry lesson on chemical kinetics Peter explains that he uses

inquiry to introduce or follow up on conceptual material. This suggests that one role of

inquiry is to support chemistry content knowledge.

Peter: Sure, really I've already talked about it in a large part. Whenever when |
do inquiry, like | said, at least with IB, it's almost always in the form of lab.
Whether it’'s to introduce a concept or to follow up on something that we talked

about before. It's like maybe to think a little bit deeper on a concept, more deeply
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than when | talked about it in class and let them figure it out for themselves. Like

for example the kinetics lab that we’re doing right now.

Here Peter indicates that for him, inquiry is about developing an understanding of

a concept, something he returns to in discussing his goals for inquiry.

Peter does not go into detail about the structure of the investigations for this
inquiry lesson. This may be because the design labs all use the same rubric and he does
not feel it is necessary to discuss this information. His response does inditate tha
students selected the variable they wanted to test, designed a proceduceoutthe

experiment, and collected data.

Like for example with that kinetics lab, the students that | videotaped there were
two groups, almost every group in class had a completely different lab, one group
had for example had decided to see the effects of surface on the rate of a chemical
reaction, no, it was acid concentration on a chemical reaction. They took
powdered zinc, and they had solutions of hydrochloric acid ranging from 1 molar
up to about 9 molar | think was the top one, and so they were testing the rate of
hydrogen production. They were essentially, and their procedure was a little bit

flawed but that's okay | let them slide...

He goes on to describe some of the variables students tested and the variety of
different experimental designs students developed. This further supportsathieaide

students are following the IB rubric described previously by Peter.

So you know, they were testing for the effect of concentration on the rate of gas

production that way. Some very different things going on. Another student tested
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the effect, of, most of them were doing gases. I'm not sure why they all picked

gases.

For his Chemistry One students much less inquiry takes place. Peter describes
number of reasons this is the case. They include time, materials, safetie@titns,
and students’ ability levels. His beliefs about the students’ background knowledge and

safety concerns limit his use of inquiry with these students.

But for me, | do a little bit of inquiry probably in Chem One level, | do a lot more
at the IB level because they have a little bit more background and | trust them

with the chemicals a little bit more too.

In addition, students’ ability level also contributes to his limited use of inquiry

with his Chemistry One students.

And honestly I like it so much when | do stuff like that with Chem One, and | have
done it, like if I have Chem One classes that are sophisticated enough, and that
are academically, | guess homogenously sophisticated enough, then | have done it
with Chem One classes before and | use the exact same rubric because it makes

complete sense.

For Peter, the IB rubric for inquiry is appropriate for his Chemistry Casses
when he does inquiry when students drerfiogenously sophisticated enoughVhen
Chemistry One students are of higher academic ability Peter belevis Yision of

inquiry is appropriate. This provides further support that he is comfortable witB the |

vision of inquiry.
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With IB classes the time to conduct inquiry is built into the curriculum. This is
not the case for his Chemistry One students, placing further constraints oe bifs us

inquiry.

So with IB the framework is there, the timeframe is there to do inquiry learning
the way that | think it really needs to be done. It's really at the Chem One level
and the physics and biology where everybody needs to connect so we don’'t have

the time for it unfortunately.

Finally, lack of materials presents another obstacle in Peter’s use of inésiry

result, IB classes are given priority for chemical use.

Peter: | wish I could do it more often. Unfortunately we’re limited in terms of the
amount of chemicals we can buy. We're a pretty poor school district. You try to
use household chemistry type stuff when you can, you can do an acid titration, [?]
get vinegar or something. So, you know, that’s one thing that keeps me from
doing it as much as | might like to with my Chem One class. Cause | know | have

to use a lot of those chemicals with my IB.

While Peter holds the same conception of enacting inquiry in both his IB and
Chemistry One classes, there is a marked difference in how much inquiry ha daeb i
class. IB Chemistry students regularly engage in inquiry. For Chgr@et students,
Peter cites numerous barriers that limit their opportunity to engage inyindaiyr
interpretation is that the external curricular requirements of 1B, couptedis beliefs
about what is possible with Chemistry One students lead him to overwhelmirgly tea

with inquiry in his IB classes.
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Goals for inquiry in chemistry.

Peter’'s description of an inquiry lesson has students involved in asking questions,
designing procedures, collecting data, etc., as dictated by the IB rubrievelpwhis
tells us little of his goals or why he believes inquiry is important for céteyrstudents.

When asked about his goals for inquiry, content knowledge emerges as a theme.

Wayne (Interviewer): What are your goals, like with the kinetic lab, what do you

want to see the students take away from it?

Peter: Mainly | want them to an operational understanding of chemical kinetics,
that they can apply the stuff that we talked about, or that they’ve previously
learned, that they can apply that in a tangible fashion to something in the real
world. I really, I try to place a high value on creativity. Cause | see so many of
these labs, doing the same type of lab year after year after year, like | want them
to try something different. Not necessarily, it doesn’t have to be hard. [?] But try
to pick something that is practical, that’s real world, try to address a real

problem...

The primary goal for the kinetics inquiry lab is for students to develop “
understanding of chemical kinetitsHe wants them to understand the content and to be
able to apply it to the real world. However, along with his focus on the content

knowledge he wants students to also be creative in their work.

Wayne (Interviewer): You had said one of the goals was the content, the science
knowledge about kinetics, and applying it to the real world, and then creativity is

another important thing for you?

170



Peter: Yeah, exactly. | don’t want them to just go on the internet and find a
procedure, and just try to carry it out. First of all it's plagiarism. I'll have them
e-mail their labs to me and then I'll run their labs through a search filter to make
sure that they’re not plagiarizing. | tell them to pick something that they actually
think is personally interesting. | think that when they do that, when they are
personally invested in a lab a little bit more, | think [?] more creative things. Any
number of times people will start doing a lab and say that’s not very interesting
and then they’ll get an idea off something they did, whether it was something that
went wrong, or just a side tangent that they realize while they were doing the lab.
I've had students end up spending 20 hours on a lab that which only takes three

hours to do.

My interpretation is that the primary goal for conducting inquiry in hisléBses
is for students to gain chemistry content knowledge. However, he wants them to be
creative and to bepersonally investédn the process. For Peter part of the value of

inquiry is that it can generate interest and motivation for chemistry.

Discussing Peter’s goals for inquiry for Chemistry One students is cgiite
since his use of inquiry is limited. When | asked him about his goals for Chemigry O

he responded describing constraints that inhibit his use of inquiry.

Wayne (Interviewer): You talked about your IB students quite a bit and | feel like
| have a pretty good idea with them. Could you briefly mention your goal, your
goals for using inquiry with your Chem One students? | know you said you
weren't able to do it a lot, but what are your goals when you work with those
guys?
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Peter: | do inquiry with Chemistry One students very, very little. | actdally a

lot more with my physics students than my chemistry students. Part of the reason
that it's hard to do inquiry with Chem One students is first of all, our curriculum

is so thick that unfortunately | don’t have time for them to live and learn and

make a lot of mistakes. It's much more time consuming than what we really time
for, | do have time for in IB, in fact it's part the IB curriculum, that's why it's sort

of a mute point.

With Chem One students, when | do it, it's usually something fairly simple.
Never a full-fledged lab, but more, like maybe some demonstrations and I'll invite
a couple of kids, and say, “Come up here. What do you think is gonna happen?”
and then let them tinker with something or play with something, they see the
results of what they do, and then think what could | do to make this a little bit
better. Something that | could do in a short period of time, like fifteen minutes or
so. And again the other limiting factor that keeps us from doing a ton of inquiry
is materials, particularly in this economy, it's really, it's killed us. Wéddeen

able to order very little new stuff.

The scope of the curriculum, time, and materials all are obstacles for using

inquiry in Chemistry One. His goals appear more focused on providing students an

opportunity to become familiar with chemistry concepts by viewing denatiosts and

making predictions about what might happen. These are relatively brief encoutiters

inquiry appearing informal and introductory.
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Summary.

For Peter, inquiry is largely defined by the external IB curriculum. dn hi
conception and enactment of inquiry this was expressed as students conductitfig scient
investigations. However, in discussing his goals for a lab on chemical kjroétacaistry
content knowledge was the predominant theme. He also emphasized the importance of
students engaging in creative thinking. In this sense, Peter exemplifies\aheas his
enactment of inquiry is driven by external curriculum but his goals may be more

representative of his personal conception about the purpose of inquiry.

A comparison of IB and Chemistry One classes does not inform us of disgiplinar
differences in his use of inquiry. However, it does provide an example of how teaching
context can influence the use of inquiry. The IB chemistry framework incorp@ate
considerable amount of inquiry into the curriculum. Rubrics and assessmentsplace a
expectation on teachers to approach inquiry with an emphasis on designing and
conducting scientific investigations. As a researcher, | see this asant® exercise
caution when drawing conclusions about a teacher’s conception of inquiry without taking

into account the context of their teaching situation.

Inquiry within the structure of the IB curriculum focuses on students conducting
scientific investigations. As a result, Peter’s IB students frequergggea in inquiry
experiences in this manner. For his Chemistry One students he cited a number of
constraints that limited his use of inquiry. While there were not sufficienbdata
opportunities to discuss a more detailed use of inquiry with Chemistry One students, i

appears he holds a similar conception and goals as in his IB classes. dédinnpfon is
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warranted, it would indicate that the manner in which IB approached inquiry mafetra

to other settings.

Participants like Peter complicate my overall analysis of diseipfidifferences.
External factors, such as 1B, make it challenging to detect discipliiifeyences by
effectively requiring teachers to approach inquiry from a certain standpoiri.e Aame
time, there is much to be learned about how an external curriculum can influence a
teacher’s use of inquiry. As was the case with Peter, while he followed thed&ines
in his enactment of inquiry, he also saw inquiry as a way to build chemistry content

knowledge.

Chemistry and Biology: Allen
Participant context.

Allen teaches chemistry and Advanced Placement (AP) Biology in a suburban
school in Wisconsin. He has been teaching for eleven years and holds a bachelor’s
degree in biology (chemistry minor) and a master’s in teaching. His sldssegear
include General Chemistry, Organic Chemistry, and AP Biology. Allenvestéis NB

certification in chemistry.

Allen teaches several different subjects but focuses on general clgdlmsNB
certification area) in this interview. However, his education background is
predominantly in biology and he believes that his content knowledge is strongest there
Similar to Tom, a biology and physics teacher, Allen perceives it to be maoeiltiid

use inquiry in teaching biology. This perceived difficulty, and the structure the AP
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curriculum places on his biology teaching, were deciding factors in Alleniside to

seek National Board certification in chemistry rather than biology.

While this interview does addresses his approach to inquiry teaching in biology,
the majority of the interview is about chemistry. Inquiry is used infrequentlisiAP
Biology class. The structured and test-centered nature of AP Biologyshrasg
influence on the amount to time Allen believes he can engage his students in inquiry-
based work. Therefore, this interview in particular highlights the challengaadfite

with inquiry in AP courses.
General conception of inquiry.

In a follow-up email | asked Allen what he thought of when he heard the phrase
“inquiry in science teaching.My sense is that, without the context of a specific lesson
his response contained less detail than our later discussions about inquiry in chemistry

and biology.

Wayne (Interviewer): Could you describe to me what you think of when you hear
the word inquiry in science teaching?

Allen: In my mind inquiry in the context of teaching is the creation of a

worthwhile problem in which the students are capable of solving. Inquiry has
many names including constructivism and authentic pedagogy. | try to use
inquiry based learning from a stand point of avoiding condescension toward my
students, if they can determine an answer then | don't need to provide them with
that answer, and to that end they take ownership over the thought process as well

as the solution.
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His response centers on students working to solveoaliwhile probleni For
Allen, | believe when inquiry works students are capable of solving problemse¢hes.
As a result the teacher does not have to present the information in a more traditional
manner. In addition, through their involvement in the problem solving process students

place a higher value on their learning.
Conception of inquiry for general chemistry.

For General Chemistry his focus is on conducting a scientific investigdtion.
planning and teaching with inquiry Allen conceptualizes inquiry as consisting dea th
day cycle. The cycle starts with identifying a problem and then develaginacedure
to solve the problem. The second stage involves carrying out the procedure and
collecting data. Finally the data is analyzed and discussed to arrizemtlasion about
the phenomena. For Allen a well-planned inquiry lesson generates new questions to

allow the cycle to start again.

Wayne (Interviewer): Now I'd like to talk with you how you’d teach an inquiry

based lesson of your choice.

Allen: Basically I try to operate all of my lessons, especially in the lab based
classes, on about a three day schedule, meaning that the first day we tend to
create a problem, we’ll either, mathematical or conceptual, and the back half of
that first day, we operate on a 52 minute periods, | try to lead them to creating,
having them recognize a problem that exists, either something that we can longer
handle mathematically, or something new that arises, and then we work on a lab
protocol, procedure, small groups sometimes, sometimes there’s a whole group,

to solve that. What data would we have to collect, what is our objective going be,
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what'’s it going to like in terms of the units, and usually try to lead them towards a
graphing aspect, and then the next day we run the lab, then day three we basically
come together and debrief on it, and if I've done my planning correctly, that third
day discussion pretty much leads us in to whatever the next problem is going to

be.

Based upon his description, | believe Allen has a very structured and developed
model that guides his planning and teaching with inquiry. As a result, the use of the
three-day cycle appears to be a major feature in his teaching of garerastry. An
example of the three-day cycle can be seen in the inquiry lesson on deterhenmmgjar
volume of a gas. Allen begins the lesson with a discussion about solids and gases. In the

discussion he leads students to identify a problem with treating solids and gaseadhe

Allen: 1did molar volume of gases. What | did was took a look at, set up a
problem, | did a limiting reactant problem with them. And up to that point we had
been handling all our states of matters as a mass. So whether it was aqueous,

whether it was a gas, whether it was a liquid, we just dealt with just as a mass.
Wayne (Interviewer): Like grams?

Allen: Correct. And basically we solved the problem and then | just simply asked
them a question, “I don’t quite like this because” and then | lead into the
understanding that if we're dealing with a gas it's probably not logical for us to

use with a mass, that’s not something we can deal with in a lab as a mass.

For Allen the question evolves from dissatisfaction with the current undersgandi

of a chemical concept or when a new approach is needed to solve a problem. In the
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molar volume example, using the concept of mass to describe gases is problémaé
the question is identified Allen works with students to develop a procedure that will

generate data that can be analyzed to solve the identified problem.

Allen: And then we lead them towards “Alright, now what should we have?” and
kind of give them the idea that we need to have something that’s a relationship
between the volume and the moles and from that we are able to develop a lab
procedure, and we ended up developing a lab procedure that will measure a

mass, which we can convert to moles, and then the volume and we ended up using
dry ice. There’s enough kids that have an experience with dry ice and can make
that connection in just about every class that the idea thing that we need is
something that we can easily measure as a solid but easily converts into a gas as

well.
Wayne (Interviewer): That's interesting.

Allen: Then we collect all of the data, post it on an excel sheet, and I've got a
class website, so they can each do a trial, and then we use that, we graph it out,
and the slope of the line ends up becoming the molar volume. At that point we
haven’t corrected for STP which comes along later. [?] pressures and volumes
can affect, excuse me, temperatures and pressures can effect this volume so now

what should we take a look at.

The previous example provides evidence that the three-day cycle is an important
model supporting Allen’s planning and teaching with inquiry. The model allows him to
proceed from the development of a question, designing procedures, collecting and

analyzing data, coming to conclusions about the phenomena, and finally generating new
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guestions. In the inquiry lesson above, students have resolved the issue of how to work
with gases but are now faced with new complications. Since they are nowgvavi
gases they must take into account how atmospheric pressure and temperatuttecaffe

work with gases.
Conception of inquiry for biology.

Initially when asked about a biology lesson using inquiry there is a pause and
Allen asks if we can return to the question. He states that in his AP Biology class

inquiry and experimentation does not receive as much emphasis.

Wayne (Interviewer): So, you did the chemistry certification, in chemilgry

there a biology lesson plan, inquiry lesson you could talk briefly about.
Allen: Pause.
Wayne (Interviewer): That uses inquiry.

Allen: Yeah, my bend is so much, in terms of the biology, my slant and my biases
are so much in the molecular biology that | tend to turn most of my biology into
chemistry anyways. The inquiry stuff in regards to the biology, I'm thinking
specifically in terms of my AP Biology, that class operates so much more on
discussion rather than experimental. [Pause] Let me kind of think about one and

[?] at the end.

In his response he equates inquiry and with éxpérimental | take this as an
indication that he views inquiry in biology to consist primarily of students conducting
scientific investigations. However he does not use inquiry as extensively asaitsappe

his chemistry classes.
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For Allen, using inquiry in biology is constrained by the structured and test-
oriented nature of an AP curriculum. The limitations of time, the curriculum, amfPthe

exam limit the amount of inquiry teaching he believes he can do. Later Iee state

But teaching AP Biology | do not have the flexibility in the general biology class.
You know, my year is planned out every day from the exam date back. We have a

snow day, it doesn’t matter, we skip that material and we gotta keep going.

Similar to Scott and Tom, Allen perceives the use of inquiry in biology to be more
challenging. Although he has only taught biology at the AP level, he believes that
general biology is not often taught using inquiry. For Allen, inquiry is described as
students designing an experiment where they do not know the outcome of the
investigation. In contrast, the termsttident led demonstratidrs used to describe how

inquiry is generally conducted in biology classes.

Biology is a tough one because so much of what you do in biology is not as much
as an experiment as a student lead demonstration. At least the way I've seen it
done and in my district. The only biology I've ever taught is the AP Biology. So |
didn’t do the general bio here. But usually what | see is not what | would
consider a lab experiment as | tend to see in my chemistry classes where kids
don’t know the outcome, in which they have to design it, and they know what is
going to happen and you go the back of the lab and you look at the different parts
of the flower and it's more of a student led demonstration is what | tend to see

versus an actual inquiry activity.

My interpretation is that, for Allen, biology does not present as many

opportunities to use inquiry. As a result, fewer opportunities exist to engage student
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conducting scientific experiments. As a consequerstedént led demonstratichiske
the place of experiments, which Allen believes do not constémtectual inquiry
activity.” This discussion on the use of inquiry in biology strengthens my belief that
Allen considers inquiry in biology to consist of students conducting scientific

investigations.

Later in the interview we return to discuss an example of inquiry in his AP
Biology class. Allen expresses surprise that didn’t recall a two-monthiggene

investigation his students conducted using fruit flies.

Wayne (Interviewer): Okay, do you want to back and talk a little bit about the

biology, and if nothing comes to mind that’'s okay.

Allen: Yeah, what I'm doing, even, my AP Biology kids will be shocked that we
haven't figured this out. It took me so long to remember we’ve been working on a
project for about there or, since the first part of December. They’re going to

hand it in on Friday. It's the drosophila fruit fly genetics stuff. So that would
probably be about as close to inquiry based as | can get. And the reason is that |
simply give them two vials of flies, one of them is wild and one of them is mutant,
they don’t know which is which. You've got about two months, I've need to know
how these things are inherited. It's pretty weak in terms of inquiry, but it

defiantly allows them to reinforce Mendelian genetics.
Wayne (Interviewer): So they breed them and ...

Allen: Yeah, they have to take it out to the F2 generation. It's standard

Sturtevant and Morgan type stuff. And then the culminating project on that is that
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they have to write the report which needs to be a manuscript fit for publication.
So | get some sizable tomes coming in and when they’re done correctly they're

done very well.

Although his use of inquiry in AP Biology is limited, the class project on breeding
fruit flies does place students in the role of designing a scientific invistigaollecting
and analyzing data, and communicating their results. My interpretation thithelass
project places students in the role of scientists with a final report thatis fartm of a
“manuscript fit for publicatiori Although it is only one project, students spend two

months conducting the investigation and preparing the final report.
Goals of inquiry in biology.

For biology, my interpretation is that Allen has a primary goal of havingstside
conduct scientific investigations. He emphasizes the use of identifying éoquest
developing procedures, controlling variables, collecting data and communicsints.
This can be seen in the two-month investigation by students into fruit fly geneti
Students research the literature at a local university library, desigexperiment,

collect and analyze data, and create a detailed final report.

Wayne (Interviewer): What is your main goal, of having them conduct this with

the fruit flies?

Allen: To a small extent it's the reinforcement of the genetics, to a larger dxtent i
is the actual manuscript writing, the actual searching, for the research aspect of it
as well, and then the designing the actual controlled experiment as well as the

statistical analysis that's required. There are three part objectives for it.
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Wayne (Interviewer): Right, so the smaller part would be the content, the bigger part

would be ...

Allen: The experience | guess.

Wayne (Interviewer): Conducting a real study, would you say?
Allen: Yeah, a controlled experiment.

The overall experience of conducting the investigation is seen as a major goal of
the project. When asked whether he meansal $tudy his answer provides support
for this assertion. In his answer he takeseal‘study to mean a a controlled
experiment Based on the fruit fly example, my interpretation is that Allen’s thinks of

inquiry as conducting a scientific investigation.
Goals of inquiry in chemistry.

For chemistry Allen also has a primary goal of having students conduatifscie
investigations. In his enactment of an inquiry lesson he emphasizes the use oindentify
a question, developing procedures, controlling variables, collecting data and
communicating results. Here he provides further evidence that the expatgsaknt
along with the communication of results and error analysis, it the primary purfpose

inquiry in chemistry.

Wayne (Interviewer): What would your goals be with chemistry, when you are

doing inquiry in chemistry what would you see your goals as?

Allen: Designing the experiment itself and communications. And then

understanding the procedural errors. | want them be able to take a look at a
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piece of research and think apart that research to see where the errors may be

and why it's not a concrete number.
Summary.

For Allen, both chemistry and biology inquiry was centered on students
conducting scientific investigations. However, several important diffesesdsted

between his use and beliefs about inquiry in biology and in chemistry.

Inquiry teaching occurred less frequently in Allen’s AP Biology classs Mais
largely due to time constraints resulting from AP Biology curriculum and tlssyme to
prepare students for the AP exam. However, Allen also believed that inquiry weas mor
difficult to do in biology and that there were not as many opportunities for
experimentation in biology leading to less frequent use of inquiry. As a resuthtée s
that most of what he sees being done is not inquiry, but rathetent led

demonstrations.

For chemistry, Allen used a three-day cycle in teaching with inquiry. The
identification of the inquiry problem was an important part of this cycle. Suchikedeta
approach to inquiry was not present in his AP Biology class. | believe that thiigtesir
to his conception of the structure of biology as a discipline allowing fewer opg@suni
to engage students in inquiry. Because inquiry was not used as frequently, a detailed

cycle was not as relevant to his teaching context.

Time pressures and exam preparation placed additional constraints on his AP
Biology class. However, Allen did have his AP Biology students engage in a lomg-ter

inquiry project into fruit fly genetics. This suggests to me that when an appeopriat
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opportunity for inquiry exists Allen approaches it as students conducting scientifi

investigations.
Donna: Earth Science
Participant context.

Donna teaches Earth Science in a rural school in Pennsylvania. She has been
teaching for fourteen years and holds a bachelor’s degree in teaching iesutk and a
master’s in science education. Her classes this year include Honors &aniteS
College Prep Earth Science, and General Earth Science. Her students airiéy/printh

graders. Donna received her NB certification in Earth Science.

Donna works in a school that supports inquiry and where teachers collaborate on
designing inquiry lessons. All ninth through twelfth grade students are required to do one
inquiry lesson each year. The lesson described by Donna in this interviewitters by
Donna in collaboration with another teacher and is used by all ninth grade eartie scie

teachers.

Wayne (Interviewer): That's very comprehensive. How did you come up with

that lesson?

Donna: We, the girl that teaches next to me, she and | both went to the same
masters program, they wanted to do the 5E type of thing, you know, where are
you on that scale, and they wanted to get the student to totally come up and
manipulate and design the whole thing. So we did a weather one that we do at the
end of the year and we also did a crystal growing one and we just kind of tried to

meet all that criteria for them.
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For Donna, her coursework from her master’s degree provided her with a model
and structure for teaching with inquiry. In addition, it gave her the opportunity to
collaborate with another teacher at her school to develop inquiry lesson plans. This
collaborative environment also exists at her school where inquiry is incorporateueinto t

curriculum for all students.

Wayne (Interviewer): Do you feel like you have the support of the school to do

this stuff?

Donna: Oh yes. They actually, we actually made it mandatory that they have to

do at least on inquiry based lab. So they support you and they want you to do it.

| consider this to be a noteworthy case because it provides an exemplar of how a
teacher education program, collaboration with a colleague, and a supportive school
environment influence Donna’s conception and enactment of inquiry teaching. Itis also
of note that her conception of inquiry that has developed in this context is similaeto ot

earth science teachers in this study.
General conception of inquiry.

Donna was one of the first interviews conducted in this study. In the interview,
Donna was not asked the prompt about what she thinks of when she hears the phrase
“inquiry in science teachint Follow-up emails were sent but at the time of writing |
have not yet received a reply. As a result there is inadequate information about he

general conception of inquiry.
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Enactment of an earth science inquiry lesson.

For Donna, inquiry is focused on students conducting scientific investigations. In
describing her inquiry lesson plan about crystal growth, students generaietiacsys,
design an experiment, control and manipulate variables, analyze data, and present
findings to their peers. This structure can be seen in her description of an ieath sc

inquiry lesson.

Wayne (Interviewer): Well, I'd like to talk now about how you would teach an
inquiry-based lesson of your choice. Could you describe in as much detail as you

could what that might be?

Donna: Um, usually at the school we teach, all of our ninth grade teachers teach
the same inquiry lesson. We make sure 9-12 that every year they have an inquiry
lesson that they have to do and write a lab report about. So we do mineral
formation with a crystal formation type of thing. Where they grow crystals
basically. We start out and we have them do a fishbone type activity where they
go to a web site and collect information on what type of variables could affect the
growth of salt crystals and from those variables they can find out how they want
to manipulate crystal growth and they form their hypothesis from there and we
make sure that they quantify them and predict how things will be manipulated.
From there they design the experiment, and from the experiment we make sure
that they do three trials for validity of the experiment and then we look at the data
make sure they control just that variable and then they graph it in Microsoft Excel
and see how their manipulated variable, that’s the responding variable, and then

they have to conclude at the end the type of relationship is affected, if there’s any
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relationship at all, and then what type of analysis, what type of error might have
occurred, and then what they would like to do for future studies, then we have

them present it in front of the class.

Her description is detailed and structured with a focus on conducting a planned
and carefully designed scientific investigation. Students are using theelnte research
factors that influence crystal growth, making decisions about what thiestudly,
hypothesizing, designing the investigation, collecting and analyzing data, sedtprg

their findings to their peers and teacher.

Comparing her description to others in the qualitative section of this study, Donna
presents one of the more structured approaches to inquiry. This may be due to ninth
grade students having less experience conducting investigations. It could alesille a
of the lesson being used by a number of different teachers and the collaboratieehat
its development. Since the lesson was developed in collaboration with another asache
part of an education program, | believe a considerable amount of effort went into its

development.

When students have completed their investigation, they present their findings to

their peers and teacher. The hypothesis is a key element of their presentati

Wayne (Interviewer): With the students communicating their results, you sgid the

write up a report and then you talked something about peer review.

Donna: They, | always make them stand up, present their results, what their
hypothesis is, the procedure they carried out, and then, you know, this is the data,

this is what the data is saying, and then | make five students in the class comment
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on it, like ask a question about it and then, we kinda just go from there. We don’t

repeat any experiments the way we probably should and retest them

My interpretation is that Donna enacts inquiry consistent with the theme of
Students Conducting Scientific Investigatiofi$is is seen in how students present their
findings. The structure of the experiment is the primary focus here with fudent
reporting to the class their hypothesis, the procedure they used, the dataldotgd;
and the conclusions they are able to draw from their data. Further, Donna\&tates *“
don’t repeat any experiments the way we probably should and retest iheicating
that if time permitted it would be appropriate to conduct more experimental traits
me this represents additional emphasis being places on the structure adrhigcsci

investigation.

Goals of inquiry.

My interpretation is that Donna also has a primary goal of having students
conduct scientific investigations. She emphasizes the use of hypotheses, developing

procedures, controlling variables, collecting data and communicating results.
Wayne (Interviewer): What, for you, what is the main goal of doing this type of
inquiry lesson plan?

Donna: | think for them to be able to pick variables and test those variables and
understand that there is a relationship that one’s manipulating the other and if
you control it you can actually see how that manipulation causes a response. So

for them being able to analyze their data.
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In addition to Donna’s detailed inquiry lesson plan, her stated goal provides
further support that her conception of inquiry is centered on the process of conducting
scientific investigations. She states a goal that studentpanvariables and test those
variables” and ‘control” variables to determine their relationships. This indicates to me
that the actual structure of the investigation is of primary importaficelly, for Donna
the part of the certification process that was most important dealt with thesgraic

conducting scientific investigations. She stated:

Donna: “I think that it was that, it is an important process that all kids should go
through, and that even if saying this effect this, cause and effect, cause and effect
is a higher level skill and before | used to think “how can they not get cause and
effect?” So | think teaching them cause and effect, teaching them that if you
manipulate one it will affect other things, and that if you can’t control an
experiment then the variability is not there and that if you lost that variability you

can’t prove definitely that one definitely affected the other.”

For Donna, the certification process helped her think about the process of
conducting scientific investigations. Throughout the interview, she returns tbeéms
supporting the assertion that her conception of inquiry is students conducting scientifi

investigations.

Summary.

Donna presents an illustrative case of the th&neajents Conducting Scientific
Investigations By this, | mean that all of the elements of a structured inquiry lesson

focused on the process of conducting a scientific investigation were included in her
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enactment. Three additional themes emerged in Donna’s interview: the influence of
grade level, collaboration with peers, and the support of the science departh@ent at

school.

Earth Science classes at Donna’s school consisted of ninth grade students. |
believe this to be the primary reason for the structured nature of her inqaog.leNinth
graders have taken fewer science courses and have not received as mucle éxposur
inquiry as students in tenth grade and above. While they may have done inquiry in
elementary and middle school, it is most likely not at the high school level. hoaddi
in high school, students come from different middle and elementary schools, often
varying in their use of inquiry. Structure is necessary to build students’ abititpnduct

scientific investigations.

Considerable collaboration took place at Donna’s school. She wrote the inquiry
lesson on crystals with a colleague as part of a masters programetfeegwolled in. In
addition, all Earth Science teachers used this inquiry lesson with their studiaets
collaborative nature or her use of inquiry is unique in this study and represents an

important contextual factor in her use of inquiry.

Finally, inquiry was encouraged in her science department. Out of the tecescie
teachers in her department, Donna stated that nine include inquiry in their teaching
Further, all ninth through twelfth graders were required to complete at leasiqoing
activity each year. My interpretation was that inquiry is seen as anahpagt of how

science was taught at her school.
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Earth Science: Sarah
Participant context.

Sarah teaches earth science and astronomy in a rural school in New York State.
She has been teaching for eight years and holds a master’s degree Bcleantb. Her
classes this year include Earth Science and Astronomy. Sarah receil he

certification in earth science. She teaches primarily ninth graders.

Prior to teaching high school Sarah worked as an Earth Scientist for a consulting
firm doing primarily environmental work. When asked how her work influenced her

teaching she responded:

Well, | have a lot of, sort of practical applications of earth science that | like to
bring into the classroom. Stories, and you know, | know how they really do earth
science out there so | want to make it as realistic as possible for them, what you
would really have to do, what it is really is out there. This is how you can apply it

to the real world.

Throughout the interview Sarah stressed the importance of inquiry in giving
students the opportunity to se®W they really do earth science out thérdlthough
several other participants have previous scientific work experience, mosthwaked
in routine sample analysis and the impact on their teaching with inquiry edpear
minimal. Sarah is unique in this respect and her previous scientific resepecieege
influences how she thinks about and implements inquiry. In a follow-up email | asked

Sarah the impact her experience on her teaching with inquiry.
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Wayne (Interviewer): Can you give an example of a project or research that

you've done as an Earth Scientist that has influenced how you teach with inquiry?

Sarah: As an Earth Scientist | worked on many projects and geological
investigations of groundwater contamination beneath industrial sites that started
with very little or no data available about the site before the project began. We
used the scientific method from start to finish and the results were often hard to
anticipate or ambiguous. When | was a new geologist right out of school it
bothered me at first that there was no “answer key” with which to correct my
work, that no one knew the answers and it was intimidating to accept that the
purpose of real science: to find (or try to find) answers. This experience
influences how | teach inquiry because students in school, even when doing
inquiry based projects, still expect the teacher (or the text book) to have the
“answer key”, and are often uncomfortable in the role of the primary investigator
finding their own results. | try to emphasis this process of becoming the “expert”
on their own experiment, and to minimize my role as the “grader” or the person

who is going to correct their work as either “right or wrong.”

My interpretation is that Sarah has developed a personal sense of how science i
done in research settings. This can be seen in her use of inquiry by her desire for he
students in becoming the ‘expert’ on their own experimenghe alsaefers to using
“the scientific methddn her work, something I believe to influence her enactment and
goals for inquiry. Based on the more detailed comments in her response to myuiollow-
guestion, and throughout our conversations, Sarah works to integrate these ideas into her

teaching with inquiry.
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General conception of inquiry.

When first asked what she thought of when she heard the work inquiry in science

teaching, Sarah responded:

Sarah: To me it means, it's usually an activity that the students will do where
they will discover something during the lab, not something that | teaching them

but something that they learn by doing it themselves.

Inquiry, for Sarah, offers students the opportunity to discover ideas or information
without having the content presented to them in a more traditional manner. Here the rol
of the teacher as presenter of knowledge is minimized and students arangabairi
science content knowledge by themselves. Further, an important aspect otdss s

that students are engaging in science the way it is done by practicinigsssie

Wayne (Interviewer): And you do you think this is important, if you do think it's

important, to have kids do?

Sarah: It's important because that is how real science is done and it is also more
fun for them. They are actually just involved in the process of discovering and
doing science and they remember better what they learn if they’ve actually

discovered it themselves.

According to Sarahdiscovering and doing sciericis more enjoyable and is the
way scientists work in the real world. Her work as an Earth Scientist priogcboming a
teacher may partially explain the importance she places upon students expegfieat
science Also of note in her response is the belief that students are able to remember

material better when engaging in inquiry. Here again the idea of inquarpexess of
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discovery with the ability to help students learn and remember science contentdgewle

is emphasized.
Enacting inquiry: an earth science inquiry lesson.

When | asked her to describe an inquiry lesson plan, Sarah chose a lesson on soil
porosity and permeability. In the lesson students are involved in choosing the factor
they will investigate, making predictions, designing their experiment, doljeahd
analyzing data, and finally presenting their findings to their classraatkin a written

report.

Sarah: So which soil is going to be more porous, which soil will have better
permeability, what determines what makes the soil more permeable or more

porous.

Wayne (Interviewer): And what does that look like for the student? They come in

the class, what are they given?

Sarah: First they decide which property they want, first we learn the definitions of
porosity, permeability, capillarity, and the mathematical manipulation of that,

then | have a collection of soils out. | have processed sand, course sand, mixed
sand, some clays, gravels of different sizes and different shapes. Then they pick,
let’'s say they’re going to get one factor of the soil. For example they may look at
grain size because grain size affects porosity. So then they would get fine sand,
medium sand, and the gravel. They’d get to pick which soils they’re going to look
at, they pick [?] they could look at size, they could look at [?], they could look at

sheath, they could look at sorting, degree of sorting, every group will pick
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something different. And then they will have to design their set-up, their
apparatus, how they’re going to test it. And for the apparatus they use, then they

will go ahead and test it.

In this lesson, inquiry involves students deciding what they want to investigate,
making predictions, designing a way to test their predictions, collectinghahimg
data, and then presenting their results to their peers and in a written report.théfeile
isn’t any direct description about manipulating variables and control groups in her
description of the porosity and permeability lab, my interpretation is thajoa ma
objective for Sarah is to have students engage in a scientific investigation much like

practicing scientists in the real world.

After student have collected and analyzed their data they report back to their

findings to their peers. | asked Sarah why she believed this to be important.

Wayne (Interviewer): Why is it important for students to share their s2attl

their peers?

Sarah: Communicating results to peers and others is important because unless
the knowledge in shared and communicated to others it can’'t be evaluated or
used. In a classroom, the students share their results so that everyone can learn
from the results and can discuss them and critique them as well, which mirror the

process of science in the real world.

In her response | interpret the importance of sharing data with peers to be relat
to her previous science research experiences as an Earth Scientikr t8ithe

scientific community, presenting results allows others for discussion anthatfon
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sharing. For Sarah, this is the primary rationale for students presentmigiiegs to

their peers.
Goals of inquiry.

Sarah’s goals for inquiry are consistent with her earlier comments on iguiry
students conducting scientific investigations. In her description she emphadeczding
what variables to investigate, planning the investigation, collecting datapamiigcto a
conclusion. As stated earlier in the interview, the goal isn’t coming up withectorr

answer, rather finding one of many ways to approach the investigations.

For Sarah it is also important that students develop a feeling of ownership for
their work. For her, ownership takes place when students are involved in the etgire cyc
of inquiry from start to finish. Ownership is also supported by students having the
opportunity to develop their own approach to the investigation without being given a set
of directions to follow. When | asked about her goals for the earth science ilegsion

she responded:

Sarah: So that particular one | want them to come away with, they started it, they
designed it, they finished it. Kind of a sense of ownership that they did the whole
thing and that they experienced it from beginning to end and they were
responsible for the design of it, because often they’re used to having the
directions handed to them, and that is out of their comfort zone in many cases to,
for there not to be a right answer or for one right way to do, that there’re many

right ways to do it.
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Based on here emphasis on students taking part in each part of the investigation, |
interpret her response to indicate that a primary goal of inquiry is to havetstude
conduct scientific investigations. In addition, she also had a goal of students becoming
personally invested in their research as a result of involvement in the ingsionleAs

she states they started it, they designed it, they finished it.”

Generalizing her goals for the porosity and permeability lab to other inquiry

lessons, Sarah states:
Wayne (Interviewer): So, your goals for inquiry in general are similar to that?

Sarah: Yes, | have them experience a scientific experiment they create, that
they're responsible for and that they learn from and it's not, and the results are

not, you know, are unanticipated perhaps.

Her response provides further evidence that she sees the role of inquiry as
students conducting scientific investigations where thgperience a scientific
experiment they create However, science content is also important to Sarah and

students are learning science content from their experiment.

Wayne (Interviewer): What would the top three things be that you would look for

in an inquiry lesson that you got online or from someone else?

Sarah: First I would look to see how feasible it was to do it with the students. |
would also look to make sure that it achieved one of the learning goals or one
part of our curriculum that | need to cover. But to do a lab that was [?] the

curriculum, I wouldn’t really have time that [?].
Wayne (Interviewer): Right.
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Sarah: And | would look to see that it would be something that would be

interesting, that the students would enjoy and have fun with.

Feasibility is the first thing mentioned by Sarah but meeting the curricula
requirements is also a major concern. Any inquiry lesson that does not fit into the
curriculum and meet a required learning goal would not be included due to time

constraints. She returns to this theme again later in our conversation.

While science content is an important concern, the main goal of inquiry for Sarah
is on students conducting scientific investigations in an authentic manner. However, in a
follow-up | attempted to elicit more detail about the role of science content &uigevin

students conducting scientific investigations.

Wayne (Interviewer): Which is more important to you as a teacher; students
learning science content or students having the experience of designing and

conducting a scientific experiment?

Sarah: It is more important to me on a daily basis that my student learn the

science content because they have a high stakes state test to pass at the end of my
course, and without the content knowledge they do not have the background to
perform science inquiry successfully. However, | do think it is an very important
part of science education that students learn how to design and conduct a

scientific experiment, but most of this process is taught in earlier sciencgesour

so that the goal when they reach my course is to be able to conduct such an

experiment in my content area, using their content area knowledge.
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Summary.

Inquiry for Sarah involves two primary themes, students conducting scientific
investigations and inquiry as an instructional strategy to build science ckntaviedge.
In our initial conversation | came to believe that her primary goal aactreent of
inquiry was to have students conduct scientific investigations but with a secgodary
of content knowledge. In a follow-up it became apparent that content knowledge was of

similar importance.

Sarah’s previous scientific research experience in earth scien@osasistent
theme in her discussion of inquiry. Out of this experience comes a desire il
take part in inquiry experiences that mirror scientific practice in thamgdseommunity.
Therefore a driving force in her conception, enactment, and goals was that stopuilg

involve students conducting investigations that approximate scientific gractic

Content knowledge was also a major gaal & daily basisfor Sarah. This was
largely a result of required tests that her students are required to take. nl&lisoche
seen in her use of inquiry throughout our interactions where the theme of content
knowledge is present. Further, she believed that the ability to design and conduct a
scientific experiment was taught in prior courses and that inquiry in hemgass

therefore a mix of designing experiments based on the earth science contertigeowl

For Sarah the interplay between these two goals resulted in her studetitgenac
inquiry within a structure that was similar to what practicing scientietdd use. This
drew from her conception of inquiry as students conducting scientific investigatA

major component of her enactment was driven by the external pressure of acquiring
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content knowledge to perform well on external assessments. Together these situat

Sarah’s conception of inquiry within the context of the earth science classroom.
Astronomy, Chemistry, and Biology: Cathy
Participant context.

Cathy teaches astronomy, biology, and chemistry in a suburban school in
Washington State. She has been teaching for eight years and holds a badbglegsn
laboratory medicine and a master’s in science. Her classes thiaglede one
Introductory Biology course and Honors Chemistry. Cathy received heeiiBoation

in earth science.

Prior to changing careers to become a teacher, Cathy worked in a hospital
laboratory. In a follow-up e-mail Cathy clarified her work experiandbée medical

field.
Wayne (Interviewer): Do you have any previous experience with inquiry?

Cathy:In regard to experience with inquiry, I'm not sure my experience as a
lab scientist counts or not. | used to be a hematologist and often

collected data to make decisions regarding the storage and selection of
various blood typing reagents and chemical markers and stains. While
there were options to consider, the process was somewhat guided in how

it needed to be performed because of FDA requirements, etc.

While her experience did not involve designing or conducting research, she was
involved in collecting data and managing equipment and chemicals. It is liketh¢lsat

experiences have influenced how she thinks about and teaches with inquiry.
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As a career-changer, Cathy entered teaching though an alterniitzatiert

program. When asked about the certification program she clarified:

No, this was a program, a second program for people who already had a, their
undergraduate degrees and just decided to change careers. So it was a one-year
program to teach the fundamentals of teaching and prepared you to get your

residency.

Cathy cites limited professional development with the exception of her teacher

certification program which placed an emphasis on inquiry:

Well since I've been a teacher relatively not long, part of my teaching
certification, initial program, was on inquiry. So a bit | guess. I've done a lot of

reading about it but | haven’t actually taken a course called “Inquiry.”

Like many of the teachers in this study, Cathy’s teaching take placesttlea
backdrop of a variety of experiences with scientific research and prEseoursework.
In addition, she also provides a useful comparison of how one teacher approaches inquiry

in three different disciplines; biology, chemistry, and earth science.
General conception of inquiry.

When | asked Cathy about her general conception of inquiry in science teaching
her response suggested that she had not previously considered what was meant by
inquiry. As she talked through her description of inquiry, the construthioking”

emerged as a central theme.

Wayne (Interviewer): Well, let’s talk about inquiry a little bit, what youklah

when you hear the word inquiry in science teaching?
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Cathy: What do | think of, okay. | haven’t formulated a thought for this. Inquiry
to me would mean that given a problem, | guess, or a scenario, an individual
would have the opportunity to think about the question in terms of coming up with
an approach to gather more information about the topic. So not necessarily that
inquiry will always yield a result or an answer, | don’t perceive that as being
inquiry. | don’t think that in order for my students to be successful that they need
to come up with the right answer. In my opinion, doing research and the process
of thinking about things itself is worthwhile. My goal, I try, and | know you try to,
my goal is to make my students think. So to me inquiry is processing the
information, the given information about a situation, thinking about ways to
gather more information, and then hopefully given the opportunity to pursue some
of the information and possibly coming up with a conclusion. Or as least another

direction with which to go.

“Thinking forms the core of Cathy’s conception of inquiry. Students must

develop a plan to collect data or information in order to come to a conclusion or arrive at

another way to look at a problem. For Cathy, arriving at a final answer is not as

important as participating in the actual research and thinking about the problem or

guestion. A possible interpretation is that her hospital laboratory background led her t

develop the belief that the process of gathering and processing infornsagi@nimary

focus of science. Based on her experience, it is possible that collecting megimga

information and engaging in critical thinking is of higher importance than conducting

experiments.
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To clarify her conception of what thinking means in the context of inquiry | asked

her why she thought inquiry was important for her students.

Wayne (Interviewer): And why would you say that inquiry would be important, if

you believe it's important for students to engage in?

Cathy: Yeah, | think the process of inquiry and logic, just the logical process
that’s required for what, you know, educators, now use as the buzzword inquiry is
what’s the most important. | don’t think that finding the ligeghway to figure
something out is always necessarily inquiry. Yeah, | just think, thinking. It's
probably as good a skill, as high a skill as | can hope my students will achieve. |
tell them at the beginning of the school year, every year, you know, | hope to
teach you some chemistry, biology, whatever, but I'm hoping that you'll be a
better student when you leave here and you can apply those skills to other areas

as well, other than science.

In her response inquiry is referred to as a buzzword flagacal process’and
“thinking”. Again she reiterates the importance of thinking over discovering new
knowledge. In her description of inquiry, scientific content knowledge is not as

important as learning logic, something that is useful outside of science.

Based on my conversations with Cathy, | understand her use of the word
“thinking” to mean the careful collection and organization and processing of data. The
point isn’t as much what students learn in terms of content knowledge but rather that they

learn how to collect, manage, and think logically about information.
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Enacting inquiry: a biology inquiry lesson.

When | ask Cathy for an example of in inquiry lesson plan in biology she chose to
talk about a lesson she was in the process of developing. The lesson was to take place
during the last three weeks of school and deals with students constructing and studying
ecosystems using two-liter plastic bottles, something | have used in tles @ateacher.

She states:

Okay, I'll run this by you and since this is my first year to teach biology in a
while. It's a new curriculum so | don’t yet have the particulars, | don’t know how
this is going to go exactly yet. But | have a plan, | can share the plan with you.
Where we’re at in the year is we're just now talking about ecosystems and one of
the projects that I've used in the past for a different class, a class on ecology

itself, was an ecotube....

Her plan was to have the student create ecotubes, essentially closed systiems
from two-liter bottles containing plants, small animals such as fish detsic The
ecotubes were to allow students to investigate the ecosystems and thetiactoosy the
different elements interact. In her description students are involved in indemtiigse

factors and later are able to choose which ones they want to investigateat&die s

So I'll introduce the parameters, the temperature, hopefully someone will
introduce that, the dissolved nitrates, the dissolved oxygen. Those are things they
may or may not suggest. But we’ll talk about the factors, and then I'm going to
give them the goal of keeping these organisms alive and we’ll be monitoring daily
or every other day some of the parameters that we can access, such as the
temperature....
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In biology her enactment of an inquiry lesson involves students identifying factors
that are important in ecosystems, building an ecosystem themselves, artthgallata.
In her description students are able to choose the variables and questions thgpiayest
design and build the ecotubes, collect and graph data, and share their finding with their

peers and others.

I’'m hoping that we’ll have a lot of different variables and then that all of the
students, basically after then | show them how to put them together decide, how
many, what do you want to put in the bottom? Do you want rocks, do you soil, do
you want any plants in the water? ... So I'm hoping that they’re going to draw
from their knowledge of what we've discussed ... that they’ll make some wise
choices about how they construct the bottle and where to place the bottle in the

room.

They need to write up, they need to write out a summary of how their
designing their bottle, they need to diagram it, and then there’re also be a graph,
well the data table, and then after they collect the data for as long as we have left
in the school year, then they’ll be doing some graphing, and then finally they’ll
present their bottles to the class and a brief summary and we’ll do some

comparing of graphs.

Overall her enactment of the inquiry lesson is closest to the theGtadents
Conducting Scientific Investigationglowever, it is not as clearly focused on the theme
as other participants in this study. The elements of student choice, selectatdes to
investigate, designing the investigation, collecting and analyzingatadgresenting to

class are all present. However, she does not discuss hypotheses or control groups, o
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other aspects of experimental design. Since our conversation did not describe and actual
enactment, it is possible that Cathy would add these elements when studelyscadtua

the investigation.

In comparison to her general conception of inquiry, she is consistent allowing
students’ choices and in not focusing on correct answers. Absent is discussion about
critical thinking and logic. Further, her goals for inquiry in biology do not focus on the

theme of students conducting scientific investigations.
Goals of inquiry for biology.

Cathy’s goals for the inquiry lesson are less aligned with the theBitadénts
Conducting Scientific Investigatiotisan her description of how she plans to enact the
lesson. They also differ considerably from her general conception of inquirg \olger
and critical thinking are emphasized. For her, a major goal is for student topdane
understanding of how biological systems work together. She also places a high value on
having the students become personally invested in the construction and maintenance of

their ecotubes. When | asked her goals for the lesson she replied,

Cathy: What is my goal? Wow... Let's see, I've got a lot of goals. One of my,
one of my goals quiet honestly is, I'm interested in how all these systems and
variables work together. So, | guess, two big goals. | want them to see how
different variables, or various factors, both biotic and abiotic factors, affect living
organisms and a bigger picture is an ecosystem. But | also want them to be
interested in how these things work. And I think by giving them the fish, and |
know my kids, my kids will be really interested for the most part, they'rg prett

caring kids, | think they’re going to want to keep these little guys alive. And |
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think if I can give them something to care about then | think they’ll become more

engaged then if we just do a paper pencil model.
Wayne (Interviewer): Right, it's not the same.

Cathy: So | want to engage them as well as hopefully give them a bigger picture
about the roles of [?] smaller scale and perhaps they’re translate that to a larger
scale. Hopefully, maybe even some of them will talk about the planet. | don’t
know how many people will grasp the large concept but we’ll discuss that and |
think some of them will grasp the larger concept, it just connects to a much larger

scale to our world.

A larger goal is for students to be able to extend what they learn from the
ecotubes to the world around them. Because the investigation was to take place at t
end of the school year, it is likely that high stakes testing was not a ifatier planning.
Without this pressure it may be that she felt more freedom to pursue othesugaks
students becoming personally connected to their investigation and connecting their
investigation to the world outside the classroom. In addition, because the students were
of lower academic ability she may have seen the lab as an opportunity to motivate

students and build interest in science.
Enacting inquiry: an astronomy inquiry lesson.

In contrast to her biology course, Cathy’s description of an astronomy inquiry
lesson plan is more focused on science content knowledge. In this inquiry lesson
students are moving through a series of lab stations where they are invegstigat

behavior of light. They make predictions and then observe how different matehats ei
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transmit or absorb light. Astronomy content knowledge is the primary emphasis in her

description.

... we talk about light. What light is, and the electromagnetic spectrum, and we
talk about filters, and we talk about detectors and transmitters. So | ask them to
make predictions about what objects, obviously we’ve talked about transmitters,
we have a notion, they have a notion about detectors, what detects. I'm trying to
get them to understand that a radio, a little handheld radio, that’'s a detector.
That's not a transmitter. And “Ohhhh, okay.” and that's a new concept for most
of them. And then we talk about filters and whether certain types of energy will
pass through a certain type of material. And they make predictions. And so then
what | do in this lab is | have my stations around and | have as many stations of

light as | can.

In her description students are observing and collecting data about how
light interacts with different materials. They are not actively involwed i
designing the investigation or selecting and testing variables. The famus is
observing whether light will pass through different materials. Based on her
description, my interpretation of her enactment of inquiry is on students

developing astronomy content knowledge.
Goals for inquiry in astronomy.

Cathy’s goals for inquiry are consistent with her enactment. For her, the
lab was successful if students gained a better understanding about light, energ
frequency, and wavelength. Content is the focus and there is no mention of

experimental design. She describes her goals for the lesson as:
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.... and so | think that lesson worked really well for them and they all went
away understanding, | think better how light works, a little bit better about
how the energy it carries, has to do with frequency and wavelength. And
they went on to another unit ... but they had to design a telescope plus a

satellite for a specific purpose.

Her goals for the lab also extend to a future activity where studentsairse th
astronomy content knowledge to design a satellite or telescope. Based on their
knowledge of light they selected the appropriate type of satellite for aisgraibose.

In this lesson the focus is closer to her general conception about inquiry asca way t
stimulate critical thinking skills. They do so through the application of astronomy
content knowledge. Her description of the lesson includes students designingllike sate

followed by a comparison of existing satellites in orbit today.

So they had to pick a target that they would be looking at and then, in very
simple terms, choose a frequency that they believe would accomplish that
goal, and then they had to choose similar parameters for their satellite as
well, and then we also did some comparison and looked at a lot of
satellites that are now in orbit and how they’re used and the technology.

And | think the kids really liked it, they got a lot out of it.

In the inquiry lesson about light the focus was primarily on astronomy content
knowledge. In the second lesson the emphasis was on students using the content
knowledge to accomplish a task, in this case designing satellites. The second lesson is
more consistent with her general conception of inquiry as a means to encaoilicale c

thinking and being able to apply learning to the real world.
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Enacting inquiry: a chemistry inquiry lesson.

The majority of the classes Cathy teaches are honors chemistry. Whdrask
describe an inquiry lesson for chemistry she chose to talk about a lab where stutlents ha

to separate a mixture based on the characteristics of the different sabst8he states:

... they were given a task to separate some materials and | did not give them
information on how to do it, but | wanted them to come up with the idea of
solubility. And through the lesson they discovered, by various means in the end,
that they all learned from one another eventually the process of this week-long
lab that solubility is really an important characteristics to look at for chemicals.
And that can be useful in terms of separating components. So in the end, this big
lesson that they were able to come up with was, not only that solubility is
important, and solubility can be determined, but they were also able to give me
several of the factors that affect solubility and that was just from working with the
task and playing with the materials and trying different things. So they were able
to give me several different ways, not only that solubility is important, but also to

increase solubility.

In her description an emphasis is placed on the concept of solubility. An
important part of the lesson is for studentsttocome up with the idea of solubility.”
Using solubility, along withliechniques based on the characteristics of the substances,
students are to separate a mixture of different substances. Based on hetialedcri
interpret her enactment of inquiry to be primarily centered on students leabmogthe
chemistry content knowledge. A specific emphasis is placed on the concept of golubilit

To probe her focus on chemistry content knowledge | asked her about the relation

211



between the process of separating the substances and concepts students waoaild acquir

through the inquiry experience.

Wayne (Interviewer): So the actual kind of process was going on but there was

also the concepts.

Cathy: Right, so they basically taught themselves the concepts by experimenting

and learning the best way to do it.

For Cathy, the act of separating the substances based on their properties allowe
students to learn the chemistry concepts on their own. While she uses the term
experimenting in her response, | interpret it to mean a less structured eaplofdtow
to separate the substances rather that a controlled experiment. Cheomint

knowledge is the primary goal.

In addition to students learning about chemistry content knowledge, the inquiry
lab is also consistent with her general conception of inquiry. As she sidtes e
students are not given any instructions about how to separate the mixture.relteey a
work with the materials and test different ideas in order to determine a waydorper
the separation. In this sense, the lab relates to her general conception gfaaquir

critical thinking.
Summary.

Cathy offers an opportunity to compare her general conception of inquiry to three
different enactments. Much like other participants in the study, there wineddes

between her general conception of inquiry and how she enacted inquiry in different

212



contexts. For biology, the difference was most pronounced, whereas astronomy and

chemistry were more closely related to her general conception of inquiry.

Cathy’s enactment of a biology inquiry lesson is similar to trends found with
other biology teachers in this study. Here she approached biology as studentsrapnduct
scientific investigations. However, at the time of our interview Cathy veamplg the
investigation and had not yet enacted the lesson with students. Therefore ouraiscussi
was about what the inquiry lesson would look like. It is likely that there would be

differences in her actual enactment.

The timing of the inquiry lesson is also important. The lesson was to take place at
the end of the school year, most likely after testing was over. Because eftimg tvas
not a factor in her planning. However, even without the influence of external testing, he

approach followed the trend seen with other biology teachers in the study.

In discussing astronomy she initially selected an inquiry lesson that ébcose
astronomy content knowledge. Later she talked about a lesson that built upon this
content and contained elements of her general conception. These includel criti
thinking and transferring knowledge to the real world. It is possible that ceaitroll
scientific investigations are more difficult to accomplish in astronomyevhere are

limitations on equipment and logistical concerns such as nighttime data oollecti

In chemistry, content knowledge was also the primary emphasis. This is
consistent with trends found for other chemistry teachers in this study. Likeamy,

there was also a secondary emphasis on critical thinking and problem solving.
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At the end of our interview Cathy expressed a concern that an emphasis on
inquiry could have a negative influence on students developing science content
knowledge, especially for upper secondary students who she believes already have
experience with conducting scientific investigations. She believed that this waodé pl
students at a disadvantage when they went to college. Cathy’s perception was that the
science education community was encouraging the use of inquiry as the predominant

form of teaching. In doing so, scientific content knowledge was being satrifice
Physics: Carl
Participant context.

Carl teaches physics in a suburban school in Virginia. He has been teaching for
six years and holds a bachelor’'s degree in physics and a master’s ingeadisiclasses
this year include International Baccalaureate Physics and Actived3hyCarl received

his NB certification in physics.

International Baccalaureate (IB) Physics consists of seniors arovwelb
defined curriculum with requirements including a minimum of forty hours of lab work.
He also teaches Active Physics, a class for sophomores who did not pass algebra. F
Active Physics he has a less proscribed curriculum but at the same tionirsgwvith
less motivated and mathematically skilled students. The two groups present an

opportunity to view his conception of inquiry in classes with different ability $evel

Carl has taken part in a science teaching fellowship for several yearasand h
received considerable support and professional development through the program.

Fellows in the program have a bachelor's or higher degree in science, engioee
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mathematics and teach high school science or mathematics in the U.S. They rece
support both financially and professionally for as long as five years. In our sativas
Carl said that the fellowship waseéry inquiry focused. In addition, Carl has also

attended a workshop on modeling arf@hgsics by Inquiryvorkshop.

In discussing professional development, Carl indicated that he has attended

workshops and that teaching with inquiry was emphasized in his fellowship program.

Carl: 1 have done the modeling workshop at Arizona State. | have done the
Physics by Inquiry workshop at University of Washington. | have the science
teaching fellowship, which is very inquiry focused. And then | have attended

county professional development days, which have focused on inquiry.

Carl does not have previous scientific research experience. However, his
substantial professional development background, especially his participatien in t

fellowship program, is influential in how he thinks about and enacts inquiry.
General conception of inquiry.

Carl believes that inquiry is an important instructional strategy for tegqchin
science, providing students with the opportunity to experience how science is done in the

real world.

Wayne (Interviewer): Could you describe to me what you think of when you hear

the word inquiry in science teaching?

Carl: What I think of when | hear inquiry in science teaching? | think of the way

science should be taught.
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Wayne (Interviewer): Okay. Could you expand just a little on that? Why you

think ...

Carl: 1think that it is a way that allows students to experience how real science
is done and if we really want our students to really understand science then they
need to have an understanding of these inquiry skills that, you know, real

scientists use in the real world.

| interpreted his immediate and definitive answer that inquirthis way science
should be taughto mean that he sees of inquiry as a central feature of his teaching. An
important part of inquiry for Carl includes having students engageah Sciencéas it
is done by practicing scientists. He returns to this theme several tinhesimetrview.
Later, when | asked him to give an example of an inquiry lesson, he stated that he

considers most of his lessons to be based on inquiry.

Wayne (Interviewer): Let’s talk about an inquiry based lesson plan of your

choice.
Carl: Okay. | mean, most of my lessons are inquiry based

| interpret his response to mean that he uses inquiry frequently and has many

examples to draw from. For Carl, inquiry is a central feature of his practice

Another dominant theme in the interview is the importance he places on students
being held accountable for the results of their investigations. For Carl stundesit not
only be able to explain why they designed their experiment a certain wayntise¢ also

be able to critique other students’ work. The theme is related to students’ undegstandin
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of “real sciencéwhere scientists make their research available to the scrutiny of the

scientific community.

The theme of accountability is present in Carl discussing how his IB students

communicate their results to peers.

Wayne (Interviewer): ... when they were presenting the whiteboards to each
other, what type of communication took place between you and them or you and

students, and so on?

Carl: So two questions that | have they use, practice in class are “How do you
know?” and “Why do you think?” and so | do a lot of scaffolding but at this point
in the year they ask really good “Why did you do that?” “How do you know that
it was a quadratic relationship?” How many trials do you do?” sort of.
Questions to, to try and uncover the differences between groups that similar
experiments but came up with different results. General questions to hold each
other accountable on, you know, a lot of times it “Did you subtract your initial
mass” or “Did you have a zero mass?” or “Did you put zero on your graph?”

“Why did you do that?”

However, this theme is only present when discussing inquiry for the IB Physics
classes. With the lower ability students in Active Physics the focus is &mgaovith
students to develop the ability to conduct an experiment. This may be due to his IB
students already having learned the basics of designing and conductingyates|
whereas his Active Physics students are still working to acquire thesieslaihd

knowledge. This idea is explored further his goals for using inquiry.
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Enacting inquiry: arActive Physicenquiry lesson.

When asked to describe an inquiry lesson plan, Carl first chooses a lesson from
his Active Physics students. In the lesson, students are investigatingripe staeed in
a rubber band and how changing the rubber band will change the amount of energy it

stores.

Wayne (Interviewer): Okay. Now is there an inquiry lesson plan that recently

you’'ve done that comes to mind?

Carl: We just did one in Active Physics where we were looking at getting energy
out of a stretched rubber band. And so we brainstormed ideas for “What might
we change about a stretched rubber band?” and we came up with some different
things. One was putting twists into a rubber band chain, and doubling back the
rubber band chain, pulling the rubber band chain further, pulling it back with a
different amount of force, and then for our DV almost all the groups build a little
paper hornet and they shot it and measures how far it went along the floor. One
group shot their hornet into a Lego block and measured how far the Lego block
moved. The basic idea of “What do we do to the rubber band?” and “What's our
understanding of the effect it has on another object?” because in this class we
defined energy as, something has energy if it can do something to something else.
That was sort of the definition that class came up which | was, it sounds like the
ability to do work. The class came up with this idea on their own and | think it

worked out really well.

My interpretation is that his conception of inquiry for Active Physics centers on

students asking questions, planning an investigation, manipulating variablesin lthéer
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interview while discussing his goals for using inquiry with his Active Risysdlass, Carl
states that he wanted students to be ableany out an experiment to completion and
discuss the results.Therefore, his goals for inquiry can be categorized as students

conducting scientific investigations.

Ability levels of IB and Active Physics could be the primary reason for
differences in how Carl thinks about inquiry in these classes. Students in IBPgyge
considerably more mathematical and experimental sophistication than studectisen A
Physics. As a result it is not necessary to spend as much time or place ansampties
structure of conducting investigations. With his IB students, Carl is ably/torre
students’ ability to do these things without instruction. Content becomes more important,

especially with IB testing requirements.

Age may also be another factor. Seniors will have had more science thasses
sophomores and more exposure to science and conducting scientific investigations. For
seniors it would not be as necessary to emphasize how to conduct a scientific

investigation.
Enacting inquiry: aninternational Baccalaureate inquiry lesson.

In his description of an IB Physics lesson plan, students work with a computer

simulation to measure the effect of changing different variables on cirmolteon.

... was a circular motion investigation. Where we observed a toy superman flying
around on a string and we brainstormed observations about this event in an
attempt to think about things that we might change about the situation and things

we might be able to measure. And so things we came up with, for example were,
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length of the string, the speed of the object moving in a circle, the tension in the
string, the mass of the object, so on and so forth. Then the kids discussed the, you
know, the strengths and the weaknesses of trying these different characteristics as
an independent variable or the dependent variable, and then to conduct this lab

they actually used a simulation program.

While Carl does not explicitly state that students are engaged in modeling, the
simulation software allows them to measure the effect of the variableésolaicmotion.
The idea of modeling is further supported by his description of how students are can

make changes to one variable to see how if influences the others.

Wayne (Interviewer): So they, all the computer program had all those variables

built in?

Carl: Right. I actually built a screen for them with the basic ones they change.
Mass, velocity, radius, force, and they could measure. So it sort of allowed them

to change those things and measure the other ones at the same time.

Towards the end of the interview | asked Carl about sources of curriculum for

teaching with inquiry. The generation of models is a central theme in his response.

Wayne (Interviewer): Where would you go to find inquiry based curriculum for a

class?

Carl: You know the Physics by Inquiry texts are really good. That’s sort of a
different model than | think then, the modeling curriculum is all about this
paradigm lab or this experiment lab that they do and once you understand this lab

then you apply that understanding to different situation. Physics by Inquiry is
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more of a building process where you ask questions and form a model of how
things behave by continuously asking questions, you know, thinking about the
guestions, or taking measurements to see what happens if different things are

tried.
Wayne (Interviewer): Which one do you think works better for you?

Carl: Ithink it's a combination of both that | use. Some things, | use the Pasco
curriculum for circuits. Which is a sort of guided inquiry where students sort of
figure out how a circuit works and then you present them with something that sort
of goes against what they think should happen and then they do some experiments
to try and explain what's going on and sort forming this model of what's

happening inside of the wires. | think it's different. Both methods are good and

some are more suited for different topics.

Carl demonstrates his knowledge of the different inquiry curricula availatlle a
the strengths of each. For him, the choice of which to use is guided by the topic being
presented. Regardless of the curriculum, modeling is a consistent theme in his

description.
Goals of inquiry:Active Physics.

For the Active Physics class Carl is not as constrained by the curricatim a
testing as he is in IB Physics. Although the process is challenging, he isgvtirkiave

students conduct a basic investigation and discuss the results.

Wayne (Interviewer): And then for that lab, that inquiry lab, what were your main

goals for those guys there?
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Carl: Um, we're still sort of struggling with experimental design. This is a
tougher population of students. Getting them to carry out an experiment to
completion and discuss the results. | feel like I'm still, we’'ve been trying it al

year and still not successful with this group of kids.

My interpretation is that because students are struggling with the bésics
designing scientific investigations, Carl is unable to engage students in stmee of
inquiry activities he does with his IB students, such as mathematical modelincdhil&o w
he has different goals for Active Physics students, his overall conception a¥irsqui
consistent. | believe that if his Active Physics students masteredsios lof

experimental design, he would move on to more modeling-based inquiry activities.
Goals of inquiry: International Baccalaureate physics.

For IB Physics the theme of accountability is again present. Carl befiatdbe
results of students’ investigations should be made available to their peers, vasemepr
the scientific community. He states a major goal that studkatd gach other
accountable for the information they presented as a scientific commufityther, he
emphasizes that students should understand that presenting results to thescientifi

community is an important aspect of science in the real world.
Wayne (Interviewer): What were your goals for them in this lesson plan?

Carl: Hmmm. What were my goals? Um. Some overarching goals were to hold
each other accountable for the information they presented as a scientific
community. To analyze data to determine the relationships between variables

that weren't linear.
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Wayne (Interviewer): When you think back to, what did you want the kids to go

away with?

Carl: Yeah. That's a good question. You know, definitely | want them to
understand the relationship between the velocity and radius and mass for an
object moving in a circle. That's sort of the content knowledge that they need to
understand. And then, in holding each other accountable, you know, | want them
to have a better understanding of why is it important that we our data to a group
of our peers. What's the benefit? Right. We sort of explicitly talked about why

do we go through this process and what good does it do.

Developing an understanding of physics content knowledge is also a major goal
of inquiry for Carl. It is likely that the emphasis on physics content knowledgtated

to the IB testing requirements.

Summary.

For Carl, inquiry is an integral part of how he thinks about and teaches science. It
is likely that his long-term participation in the fellowship program and other grofesd
development programs are influential in his conception and enactment of inquiry. Of
particular interest is a comparison of Carl’s use of inquiry in his ActiveiBhiand his

IB classes. These classes offer two contexts for his use of inquiry in tepblgBigs.

While his enactment and goals for inquiry initially appeared very differentdor hi
IB and introductory Active Physics classes, it may be helpful to think of thelasses
as at two places on a continuum of his conception of inquiry. In IB Physics, which

consisted primarily of seniors, students have mastered the basics of desighing a
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conducting investigations. As a result, Carl was able to focus more on othes apect
inquiry such as content knowledge and importance of accountability and communication
with peers. For Active Physics, where students were less knowledgedbteotivated,

the focus was on being able tafry out an experiment to completion and discuss the

results’
Physics: Diane
Participant context.

Diane teaches physics in a suburban school in Missouri. She has been teaching
for thirty years and holds a bachelor’s degree in biology and education, minors in
chemistry and physics, and a master’s in science education. Hes ¢lassesar include
astronomy, senior physics, introduction to physics, and biology. The biology class is

taught in summer school. Diane received her NB certification in physics.

While Diane has not recently participated in any professional development on
teaching with inquiry, she has been active in the QuarkNet program. Quaslkdet i
program supported by the National Science Foundation and the Office of High Energy
Physics in the Department of Energy. The program involves teachers itegamisics

experiments with practicing scientists.

During our discussion Diane mentioned that having several different classes to
prepare for required considerable time. This may constrain her use of inquiry,
particularly in courses like biology where she only teaches one clasaldbis

noteworthy that Diane has taught for thirty years, the longest of participahis study.
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General conception of inquiry.

For Diane, inquiry provides a way to introduce students to a mathematical

concept prior to more traditional teaching. By participating in an inquiry experienc

students are able to see the relationship between variables and develop an undgrstandi

of the mathematical equation. To illustrate her ideas she provides an exanmale whe

students measure the circumference and diameter of a circle to detgrmine

Wayne (Interviewer): Could you describe to me what you think about when you

hear the term inquiry teaching in science?

Diane: |1 think inquiry in science is going to happen as a predecessor, that

activity, whatever inquiry activity you think you’'ve designed, is going to happen

to be a predecessor to any equation that you may give the students to show them a
relationship between variables. So the inquiry that you're setting up, see I'm a
physics person, so I'm going straight to an equation. With biology or chemistry it
might not be an equation. But for example in the introductory physics courses, we
do an inquiry about pi, the constant pi, in order to review and to introduce

inquiry. [....] So that would be an example of an inquiry activity because

eventually you’re going to get to the equation for pi that shows the relationship

between circumference and diameter.

Diane describes herself aa physics person, so I’'m going straight to an

equation.” Similar to other physics teachers in the study, for Diane inquiry ofseitse

in the development of an equation to describe a phenomenon. For her, the end result of

inquiry is the development of an equation and an understanding of the relationships

between variables. Her approach to inquiry can be categorized as using inquiry to
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develop mathematical models of physical phenomena. It is important to noteghiscla
a non-honors introductory class and that she holds this orientation towards inquiry with

all of her physics classes, not only her higher level classes.

In addition to students studying physical phenomena to develop an equation,
Diane also believes that inquiry provides a way for students to experiencehgtells
“the thrill of discovery. For her, inquiry makes the content more meaningful to students.

As aresult, they are able to internalize the information to a greateedegre

Wayne (Interviewer): Okay, what is the goal of doing that in an inquiry fashion

as opposed to just telling them what pi is or just showing them that?

Diane: To make it more meaningful. So that can feel the thrill of discovering it. |
think that's there’s much more internalization if they have the thrill of disauyeri
it even though it's already been discovered by someone hundreds ago or whatever

the case may be.
Wayne (Interviewer): Okay.

Diane: So | think there greater ownership and more internalization. But it's a lot

more time consuming. It's good sometimes.

Even though Diane believes that students internalize concepts and develop
ownership through the use of inquiry, she also feels that the amount of time needed for
inquiry is a limitation. She adds that inquiry gobd sometimésvhich could be
interpreted to mean that inquiry is appropriate in certain situations but the amaore of

required is a constraining factor.
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Enacting inquiry: a physics inquiry lesson.

For her Introductory Physics class, a non-honors course consistifiglob@gh

12" graders, Diane describes an inquiry lesson plan about acceleration.

. And it was an inclined plane lab and we had not yet covered the formula for
acceleration even though | think some of the kids had an idea of what it might be,
and for a lot of the sophomores, this is still a good lesson for them. Particularly
because many of them have gotten their drivers permits, so they’re just on the
cusp of becoming drivers. So anyway, part of the difficultly of acceleration is that
kids don't really understand it as an increase in velocity. And they’re also
confused about the double time factor in the denominator. The squared factor

rather, time times time.

Similar to her earlier description, inquiry is used to introduce students to a
concept, in this case acceleration. Students had not yet learned the mathematica
equation for acceleration. The description returns once again to the equatiorcapecifi

acceleration as an increase in velocity and the units of time squared.

In addition to introducing students to concepts and equations, inquiry also

generates questions. Diane explains:

What the inquiry provides in an inclined plane lab, is that the way | set it up,
they're timing over a two meter track, they just timing the ball rolling down the
incline. And | do allow students some individual variation, in terms they’re going
to get to choose what the angle of their incline is, because they’re eventually

going to whiteboard their results and compare their slopes and acceleration
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values and everything else, but, and then they’re going to have to backtrack and
say “Well, why was this table’s acceleration this value? Why didn’t we all get the
same numbers?” Cause gravity is what's making it roll down. Why isn't it the

same number?”

In her description, students are actively thinking about and physically
experiencing the phenomena. This relates to her earlier comments about the value of
students taking part in inquiry before learning the equation or phenomena in a more
traditional manner. Through the inquiry activity, they can begin to ask questions and
develop an understanding of the variables and relationships that make up the

mathematical equation.

In this inquiry lesson, Diane emphasized that studgattgsically need to

experience’acceleration and how it varies over the inclined plane.

Diane: So we get into a lot of discussions but | think the inquiry part of this is not
so much the equation but the idea that the time to move the same distance keeps
getting shorter And what the students physically need to experience to help them
over that hurdle, is that timers who were at the bottom of the track, they have be
able to see through repeated trial and error, that their job is harder and that they

have a more difficult task than the people at the top of the track.

Diane’s use of inquiry here could be interpreted as a way to provide students with
a physical understanding of acceleration and the relationship between vairabkxting
the actual introduction of the equation. The inquiry experience helps students ir¢ernali
and develop ownership of the equation, making traditional instruction more meaningful.

This interpretation is supported by her statement about the difficulty studgatsiha
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relating mathematics to the actual variables; in this lab, time and thedrtgk inclined

plane.

Diane: They don't necessarily see the mathematics, they don’t necessarily relate

the symbol to a variable.

For Diane, inquiry allows students tee& how the variables relate to the actual
mathematics. Here, inquiry forms a bridge between abstract matbainsgtnbols and

what students can physically observe in the lab.
Goals of inquiry for physics.

After discussing the physics inquiry lesson on inclined planes, | asked Diane
about her goals for the lab. Her initial response focused on the specifics df sheha
as velocity, plotting distances versus time, how to determine the instantarteaofs ra
velocity, and how to draw tangents. But when asked what she wanted students to take

away from similar experiences she responds with broader goals.

Wayne (Interviewer): So what did you want the kids, when you do an activity like

that, what do you want them to go away with or be able to do?

Diane: The relationships. The derivation for acceleration first of all. And the
relationship of, ramp angle to acceleration, why the acceleration has seconds
squared, they’re going to get some skills in timing. And just, | hate to generalize

it to something as simple as this, but common sense. There’re going to gain some
common sense skills about why it's more difficult at the end of the ramp, and
there’s some cooperative learning skills that they are learning, and graphing

skills, maybe doing dependent and independent skills that they learned in Bio One
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and Chem One, and derivation of the equation of a line. We’re going to get to
y=mx + b eventually. When we plot final velocity on the y, it's going to come up,
the y=mx +b is going to be that vs = vi + at where a is the slope and x is the time

and vi is the y-intercept.

Her response returns again to the relationships between variables, a consistent
theme in her description of inquiry. The physical experience of conducting the inquiry
lab also helps students devel@ofnmon senSabout how variables relate to each other;
in this case, why it is easier to measure velocity at the top of the ramp. Attbétbe
inquiry experience, students arrive at the equation for accelerationgyrggdhe data
they collected. This provides further support for categorizing Diane’s ptocef

inquiry as mathematical modeling.
Enacting inquiry: a biology inquiry lesson.

When asked for an example of her use of inquiry in biology or astronomy, Diane

indicated that she couldn’t think of one at that time.

Diane: No, not off the top of my head because I'm just not as well versed in
those. And I've been doing physics for so long that when | do have to, you just
commented about having, | can imagine having five, well, sorta neither can I.
When | do a bio, I'm pretty much taking whatever my colleagues do and saying

“Yeah, | can do that.”

In her response she cites two reasons for her limited use of inquiry in biology.
First is her level of familiarity where she is not agefl versedin biology. Second, the

pressures of having a large number of courses to prepare for, Senior Ahysics
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Physics, Astronomy, and Biology (summer), limits time she has to prepargyitegson
plans. As aresult, she relies on her colleagues. My interpretation is theiégyy,
Diane teaches with inquiry infrequently. When asked for an example she describes a

lesson about osmosis.

Diane: | can think of one. When we were studying isotonic, hypertonic, and
hypotonic solutions, we define those things, and then we do a lab, standard potato

lab, you put it in three different salt solutions.

However, Diane doesn’t provide much detail about the lab as she did with

physics. In addition, she considers the biology lab to only be only marginally inquiry.

Diane: And they have to decide which percentage solution is which defined word,
and why. So that’s on the fringe of inquiry, it's more than telling them the whole

thing up front.

My interpretation is that Diane sees herself primarily as a physachér with a
strong mathematical orientation. Like other NBCSTs who teach both biology and
physics, Diane does not seem as comfortable with inquiry in biology. As stdbtes i
interview, Diane sees herself as a very structured person. It may be thay,laslog
mentioned by other participants, is not as structured due to the number of potentially
confounding variables. In conjunction with other very real constraints, such as multiple
courses to prepare for, Diane does not use inquiry teaching frequently with biology. T

context of teaching biology in summer school may also influence her use of inquiry

Another factor may be her reliance on her colleagues teaching biolodpey If t

are not using inquiry in their teaching it is unlikely that Diane will alsgage her
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biology students in inquiry. In addition, since she identifies most with teaching physic
she is somewhat of an outsider in the biology department. As a result, she is umlikely t

deviate from the norm for teaching biology at her school.
Summary.

While Diane teaches multiple subjects, her primary focus is physic&invihie
context of teaching physics, her approach to inquiry is centered on studentsreipgri
and developing an understanding of mathematical equations to describe physical
phenomena. Therefore, her teaching with inquiry can be placed under the theme of

Modeling

Both her general conception of inquiry and enactment of a physics inquiry lesson
were consistent in that they introduce students to variables and mathematical
relationships prior to more traditional teaching. In this sense, they waxmaping the
physical phenomena, here acceleration on an inclined plane, with limited knowledge
about the mathematical equation. Through the inquiry activity, which includes

generating and analyzing graphs, they learned about the equations.

In her biology class, which she teaches during the summer, Diane had less to say
about inquiry. Contextual factors, such as the nature of summer school, and the fact that
she only teaches one biology course, appear to constrain her use of inquiry in biology.
Due to the limited use of inquiry in biology it was not possible to classify hesfuse

inquiry within that context.
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Physics and Biology: Jane
Participant context.

Jane teaches biology in an urban school in New York State. She has been
teaching for eight years and holds a bachelor’s degree in biology and asnaster
biology education. She is currently working on finishing her master’s in physics
education. Her classes this year include non-honors biology and lower level baiogy f

students who have not passed the state test. Jane received her NB certifiqgatysics.

Although her educational background is in biology, during the previous three
years she taught physics to ninth graders. As a result, her National Baifichteers in
physics. Due to changes to the course sequence at Jane’s school, ninth ghaders at
school now take biology instead of physics. Because Jane wanted to continue working
with ninth graders she shifted to teaching biology. Therefore at the tirhes afiterview
the biology curriculum was still new to her. Several times in the interview shesdex!
the challenges of the shift and her efforts to incorporate more inquiry into hagybiol

classes.She continues to work on completing her master’s degree in physics education.

Prior to teaching, Jane worked for three years in a cancer research Igbofator
better understand how her research experience influenced her teachkeg, hersto

describe her work in a follow-up email.

Wayne (Interviewer): You mentioned that you worked with cancer research for
several years. Could you describe your work? How does it influence how you

teach?
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Jane: For three years | worked flpompany name]While there, | was a part of
both the research and quality control/assurance departments. Working in a lab
made the transfer to education generally easy as | was accustomed to reporting
research data to both small and large groups. | was also responsible for portions
of the testing, and organization and communication were crucial — much like in
education. As for in the classroom, | found that | began to break away from
“cookie cutter labs” that simply asked students to follow directions (though, this
is definitely key to reading and following SOPs in the lab) and began to design
what | now know to be “inquiry” labs where students are developing the

guestions and procedures themselves (in a very guided manner).

Jane was an active participant in numerous aspects of the research process and her
response indicates to me that her research experience was influentraleiadhéng with
inquiry. Her involvement in research, reporting data, and communicating results to
others facilitated her ability to teach inquiry. For Jane, students askingpgsestd
designing experiments are manifestations of this influence. Reportiegrcd data is
another aspect. She does stress, however, that student inquiry needs to be structured in
her situation. This is most likely due to the age and academic ability lelvet of

students.

Jane also received considerable professional development in teaching with
inquiry, including several experiences doing scientific research. Shapsted for two
summers in a research program for teachers at a local university whagewih other
teachers, she conducted research under the guidance of scientists. Pattrofrtbe s

program involved developing inquiry-based curriculum for her classroom.
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General conception of inquiry.

When asked about what she thought when she heard the phrpgey‘in

science teachirigshe responded by talking about inquiry in biology.

Jane: | think that inquiry is mostly, I think of guided inquiry, | know that there’s
sort of two camps with inquiry, like some teachers introduce their students to all
the equipment that’s available to science or at least what they have in their school
and then kind of let kids explore and discover on their own and | teach ninth
graders. And I’'m more of a structured person, so | feel like just complete inquiry
isn't where | feel comfortable so I'm more a guided, you know, give them an
introduction, give them a blurb to read, and then kind of lead them through the
guestions that they’re discovering. So | try to develop, | don’'t have complete
lessons right now, that’s something I'm trying to do, hopefully in the next couple
of years all my labs will be inquiry and all of my lessons will be more inquiry

based than they are now.
Wayne (Interviewer): What would, like, a complete inquiry lab consist of?

Jane: For biology, | would want my students to have a little background
knowledge, maybe something that they’'ve read, or an article, short article, or
maybe a topic from a lecture from my class, and be able to develop some of their
own questions, not necessarily the labs that maybe you and | did when we were in
high school or in middle school where there was a question that was already
stated for us and then we followed the procedures, found the materials that we
needed. I'd want them to kind of come up with that on their own, so they're

coming up with a hypothesis, coming up with a purpose, and um, but along with
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that I'm kind of guiding them the way to, you know, the right questions, and come
up with correct, um, | don’t want to say [?] just helping guide what their
observations, or telling them do they need repeat it, is something not working,
were they completely going in the wrong direction, do they need to talk to their

partners and get that kind of back on track.

In her description, she describes herself structured and feetsdhgilete
inquiry isn’'t where | feel comfortable so I'm more a guide®éveral places in our
conversation she stresses her preference for inquiry to be guided. Here selesdser
the teacher to provide structure and guidance that will ensure studentsaayeceing
fruitful work that will lead to meaningful answers. For her, this involves studskitsga
their own questions, constructing hypotheses, developing their own procedures, and
collecting data to find an answer to their question. In this sense, her tiesaip

inquiry is similar to the portfolios of other biology teachers analyzed in thig.stud

Several times in the interview, she returned to the role of guided inquiry. One
interpretation is that her experience with ninth graders leads her to feekthtone
provide more structure to be successful. Since she currently teaches non-honors and
remedial biology, it is possible that the ability level of her biology studeswsrajuires a

more structured setting.
Enacting inquiry: a physics inquiry lesson.

When | asked her to describe an inquiry lesson plan in physics, Jane discussed a
lesson from her non-honors ninth grade physics class. The lesson she describes involves

providing students with a scenario where they are to investigate alteesajagifor
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Jersey barriers (concrete barriers separating lanes on a highwayethzore

environmentally friendly.

Jane: Sure, the inquiry lesson that | did was [labs?] that could be broken up into
two different sections, and that was, we were at the time kind of in the middle
motion and forces, and my students were having a more difficult time with friction
than | anticipated. And they, again this was probably, | was dealing with non-
honors students, and so again, a lot of their misconceptions would be addressed, |
tried to make the lesson address their misconceptions. So they could tell me
about friction and give me the information | wanted but when | asked they to

apply it, it wasn’t necessarily coming through. And so what | did was took a

bunch of different lessons and we discussed the term “Jersey barriers” | don’t
know if everybody in the United States uses those, but the concrete, kind of like,

almost like, almost like a triangle, very narrow at the top and the go down.
Wayne (Interviewer): | know what you're saying.

Jane: We were currently in the middle in construction, there was a new middle
school being build and so we went out and we observed them and discussed what
they would be for and why they would be in the middle of the road or on the side
or road and the idea being that they were, the tires would be up against them and
that slow somebody if they had gone off the road. And so we were also trying to
do a lot in our school to [?] with, becoming a little bit more green and thinking
about some of the materials that we were releasing into the environment as
garbage and all that. So after we [?] kind of introductory part of the lesson, |

gave them different materials, manipulatives, like wooden blocks and sand paper
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and rubber, and Styrofoam and all types of different materials and they kind of
developed a new Jersey barrier that might be a little bit more green than slabs of
concrete. So the kind of developed these little cars that they could test their
devices with. So that was what they were working on in their groups and then |
led them to answer some of the questions that | was hoping to pull from them and
that kind of the more guided inquiry as they were going along. They had to
research the materials and the costs and, you know, accidents and stuff like that

with their cars.

In this lesson students are working to find a solution to a real world problem by
designing model Jersey Barriers and testing their design. Thewareagscenario
where they have been asked by the mayor to conduct research and make
recommendations for more environmentally friendly Jersey barriers. Janaebehis
structure is more effective than lecture in helping students learn about thesphys
concepts of friction, motion, and forces. She also believes that the lesson willatet cre
or reinforce students’ misconceptions about motion and forces, a concern she states

several times in our conversations.

Jane’s description of the inquiry lesson does not have the more formal structure
she described in her description for biology previously. However, while it does not
involve students generating hypotheses, it does have a structure where students

investigate a real-world problem relevant to their community.

In a limited sense, her approach involves some aspects of modeling sintiktr to t
found in the portfolios of other physics teachers in the study. Students are dethgiin

model Jersey barriers, conducting an investigation, and collecting datke¢o ma
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recommendations on how to make effective and more environmentally-friendbréarr
At the same time, the primary focus of the lesson was for students to develop thei
content knowledge about friction and forces in a manner that applied to a problem
relevant to their community. Jane believes that presenting a real-worldigdg tiae

most effective way for students to learn the content and overcome misconceptions.
Enacting inquiry: a biology inquiry lesson.

Jane’s enactment of a biology inquiry lesson is very different from the plgsieri
she provides at the beginning of the interview where she has students developing their
own questions, purpose, and deciding what observations to make. Here her focus is more
on students developing content knowledge. This highlights the difference between what
she believes inquiry should be and what is possible in her classroom. For Jane, there is a

large difference between the two.

Wayne (Interviewer): Okay, I think I've got a pretty good idea of what you did
there with the inquiry and the physics there. Is there a biology inquiry lesson

plan that you taught, that you can just off the top of your head talk about.
Jane: [Pause]
Wayne (Interviewer): | didn’'t mean to put you on the spot here.

Jane: Oh, no, no. I'm trying to think of the most recent one that | would consider
to be inquiry. So I did one where we were working with, it was after we did
photosynthesis, so we working with plants. And at the same time | was trying to,
the main, the overarching theme was photosynthesis and | was trying to hit all the

standards that | needed to and then incorporated, at the same time we had to
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think about monocots versus dicots, so the different types of plants and | wanted
my students to compare monocots and dicots and at the same time understand
about light and dark reactions. So what | wanted them to understand about the
monocots and dicots was the difference between the vascular bundles, like xylem
and phloem, and what their purposes were. One for the water and the other one
for the sugars and the fact that plants actually use the sugar that they create. It's
not like they’re just creating it for us it’s like they’'re seeking the sunlight and
making all these things and they can use them. And a misconception | was
running into was is that they just, they only take in carbon dioxide and actually

only produce oxygen.

In her description, the major focus is on biology content knowledge. There is no
evidence of students asking questions, developing procedures, or collecting data as found
in her description of a physics lesson plan. The lesson is intended to support students’
understanding of the topic of photosynthesis while meeting the state standarded Rela
to the emphasis of biology content knowledge, she finishes her description of the lesson
by returning to the theme of students’ misconceptions. Here she explains ongazlshe
of the lesson was for students to correct their misconception about the role of carbon

dioxide and oxygen in photosynthesis.
Goals of inquiry for physics.

Physics inquiry goals for Jane are centered on getting students to further thei

understanding of physics while avoiding generating misconceptions.

Jane: My goals for them were for them to be basically, my goals are in

misconceptions | guess, and actually own the physical laws that were associated
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with it. | want to say that we were also to get them, | was also trying to get them
to think outside than some of the prefab labs that | had given them earlier in the
year. Kind of building on their knowledge that they were building in the
classroom, not necessarily reconstructing some of the misconceptions as well.

Kinda a combination of those two.

When asked the amount of choice students had in their investigation, Jane further
clarifies the goal of students developing an understanding of the physics content

knowledge from the experience.

The underlying point for the lesson was basically about friction and how friction
works and | was also trying incorporate acceleration, and then velocity, and
balanced forces, unbalanced forces. | wanted them to think about everything that
they learned up to that point so they were calculating, you know, the velocity of
their car, they were taking time measurements and taking distance measurements,
they were calculating acceleration, they were graphing, so it was kind of a

culminating lesson.

While the goal of the inquiry lesson is related to content knowledge and avoiding
misconceptions as in biology, the investigation has considerably more structurerthan he
biology inquiry lesson. Students are making decisions about what factors thegtyil
designing their investigation, collecting and analyzing data. In addition, dane la
describes how students then present their findings from their investigations tanmkers
other teachers in the school in a poster session. My interpretation is thattas/ goal
of the lesson is the physics content knowledge. However, students are also involved in

designing an investigation, collecting data, coming to a conclusion, and preskeiing
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findings to peers. In this sense an unstated, but underlying goal is to have students

conduct a scientific investigation.
Goals of inquiry for biology.

In a follow-up email | asked Jane about her goals for inquiry. In her response, she
cited meeting standards as a primary concern. For Jane, in order to invest titab on a

activity it must result in standards being covered. She states:

Wayne (Interviewer): Could you discuss what your goals for inquiry are when

teaching a biology class?
Jane: | look to achieve the following:

Covering at least 2-8tandardgbold emphasis in her email} one lab/activity.
We have 6 main strands and each strand is broken into at least 8 standards (and
those standards are quite general) so to spend time on a lab means it must be

worth it vs. time on teaching.

Her goal of coveringét least 2-3 standardss consistent with her overall focus
on students gaining biology content knowledge as described in her biology inquiry
lesson. She also stated a goal of having students take part in authentic lemesper

She asked,

Is it relative to a real lab experience? Am | giving them a pencil-paper aabivity

is this something that can transfer to a real lab experience?

For Jane, Pencil and pap€ractivities do not help her students gain scientific
knowledge and skills that are relevant to the world outside the classroom. Inquiry labs
are valuable because students can use the knowledge in actual lab expetierteepret
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this emphasis on authentic lab experiences to be influenced by her expenesaeser

research prior to becoming a teacher.

Summary.

Jane’s recent change from teaching physics to biology to ninth graders is a
important consideration in how her conception of inquiry is interpreted. However, |
believe it is not the main reason for the differences seen in her enacthguiads for
each discipline. Other contextual factors, primarily testing and thefustewof the

disciplines, lead to differences in how she approaches inquiry in biology and physics

Discussing inquiry in biology in a more general sense, Jane is similar to other
biology teachers in the study who think about and enact inquiry as students conducting
scientific investigations. But her implementation was very different, focusagly on
biology content knowledge. | believe this difference between her general concept
enactment of inquiry exists for several reasons. First, Jane was stillgrotess of
developing inquiry curriculum for her biology class, something she mentioned several
times. Second, mandated testing led to an emphasis on biology content knowledge, as
evidenced by her frequent references to learning standards when discudsigpg bi
Finally, similar to two other participants who teach biology and another disgipéne
may have found inquiry to be more challenging in biology than in physics which she is

used to teaching.

In contrast, in physics Jane was more familiar with the curriculum andatas
constrained by mandated testing. As a result, she was able to engage stuatents
investigation that involved using physics to develop solutions to a societal problem.

Although physics content knowledge was one goal of the activity, it was not the primary
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goal and state learning standards are not mentioned in the discussion. In addigon, the
was a well-articulated structure that culminated in students presergingeults to their

peers and others.

Jane offers the opportunity to explore the importance of contextual factors that
influence the use of inquiry in biology and physics. In her case, state-mandgétegl te
appeared to play a major role in how she approached inquiry in biology, and lead her to

focus on biology content knowledge.

Cross-Case Analysis of Participants’ Conception, Enactment, Goals for Inquiry
In this chapter | presented twelve participants and their general conception of

inquiry, a specific inquiry lesson plan of their choice, and their goals folesson plan.
The purpose is to show individual variation within the context of each participant’s
practice. Building upon those contexts, in this cross-case analysis | et@ores in a
broader context: the similarities and differences both within and betweenyhiolog
chemistry, earth science, and physics. The analysis provides insights iredegaech
guestion,'How does a NBCST's science discipline (biology, chemistry, earth science, or
physics) influence their conceptions, enactment, and goals for inquiry-based teaching

and learning?”

Eight participants, two from each NB certificate area, teaching in only one
discipline, are presented in Table 24. They are sorted alphabetically bgatertiea.
One participant, Anita, taught an additional, specialized course and has been included in
table one since her primary discipline is chemistry. In Table 25, fouripartts

teaching more than one discipline are presented. There is one participachfor e
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certificate area. | made the decision to create a separate tablditttd¢aammnalysis since

each individual’'s conception of inquiry can vary between disciplines.

The first column lists the participant and their NB certificate aredahd second
column the classes they currently teach are listed. The column “General @oicept
provides short text segments taken from data presented previously. It repiesents
response to the questioiWhat do you think of when you hear the word inquiry
teachin@” This provides their general view of inquiry apart from the context of a

specific lesson plan or discipline.

My interpretation of participants’ enactment of a specific inquiry lesson wof the
choice is provided under the column “Enactment.” This was generated from detailed
interview text and is influential in deciding which theme best represenisipants’
conception of inquiry. Participants’ stated goals for the specific lesson planesented

in the “Goals” column.

The last column, “Theme” is my interpretation of the participants’ overall
conception of inquiry. It is based upon a careful reading of interview text and follow-up
conversations with participants. Participants’ general conception, enactmeegads

for inquiry, summarized in Tables 24 and 25, were used to generate themes.
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Table 24

Participants’ Conception, Enactment, Goals for Inquiry

Participant | Teaching :
(Cert. Area)  (2008-09) General Conception | Enactment Goals Theme
“students.. should
Scott . be able to plan, data
(Biology) Biology collect, and do data SCSI SCSI SCSl
analysis...”
Amy . “students learn SCSl/real
: Biology . " Content world Content
(Biology) through discovery :
connection
“for IB anyway, they
Peter IB have to do a series of scs| Content SCSI &
(Chemistry) | Chemistry | planning or design Content
labs”
“trying to figure a Content &
. Chemistry ying gf,J Content Problem Content
Anita problem out Solvi
. ) . olving
(Chemistry) Science more likely to be
remembered” SCSI SCSI SCSI
Research
Donna Earth
(Earth Sci Insufficient Data SCsSI SCSI SCSI
i cience
Science)
Sarah “discover something
(Earth Earth during the lab” “how SCSl & SCSI
: Science , ) " SCSI Content
Science) real science is done
Diane “more internalization
: Physics if they have the thrill | Modeling Modeling Modeling
(Physics) : e
of discovering it
Active scs scsi scsi
Physics ) . .
Carl how real science is
(Physics) done” Content &
IB Physics Modeling | “Accounta | Modeling
bility”
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Table 25

Participants’ Conception, Enactment, Goals for Inquiry: Multiple Disciplines

ici Teachin .
(P(?; trltmR?Q;) (2008-09% General Conception | Enactment Goals Theme
Biology | “discover scientific SCSI SCSI SCSI
Tom facts or information”
(Biology) “makes the point .
. ” : Modeling .
Physics | concrete Modeling & Content Modeling
AP “creation of a
Allen Biology worthwhile problem SCSI SCSI SCSI
(Chemistry) in which the student
Chemistry | are capable of Scsil Scsil Scsil
solving”
Content &
Astronomy Content Application Content
Cathy “ . Content &
(Earth g_r el'AP thr‘:Eitnth'f‘k’ scsl Student scsl
Science) lology 9 Engagement
: Insufficient
Chemistry Content data Content
. “so they’re coming
Biology up with a hypothesis, Content Content Content
Jane coming up with a
. urpose ...” . .
(Physics) . P Modeling Modeling &
FlEEs & Content SR Content

She does not

mention physics.

The analysis and description of each of the twelve participants in this chapter

provides rich data about individual teaching situations. In this cross-cassignaly

make connections between cases, provide exemplars for each theme, and lay the

groundwork for exploring these themes in the context of biology, chemistry,ses&hce

and physics teaching.
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In the next three sections each of the three themes that enfeggehts
Conducting Scientific InvestigatigrScience Content KnowledgendModeling are

presented.
Inquiry as Students Conducting Scientific Investigations.

For many teachers in this study, inquiry involves students conducting scientific
investigations. Investigations typically consist of students asking aauestating a
hypothesis, designing procedures that involve the manipulation of variables (and often
specific mention of a control group), coming to a conclusion, and communicating
findings to their teacher and peers. Learning science content may alptatake

however, it is not the primary purpose.

In this conception of inquiry, students often begin with a question or hypothesis.
“My goal was for them to first of all, take a look at the question, the hypothesis...” (Tom).
Frequently students have a choice of the question or variables they willgatestich
as or Wwhere they have to choose their own experiment give a very broad starting point.”
(Peter)or “I wanted them to melt down their gel and somehow change something, some
factor in each of the tubes.” (Scoth). the nine instances where participants held the
conception of inquiry aSCSJ eight gave students a choice of the question or variables

they investigated.

As was the case with most participants in this study, students were resptmsi
designing the investigation. However, the manipulation of variables was a frequent
feature in the&sCSltheme. In addition, having a control group was often included when

discussing variables. Scott states:
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As far as inquiry goals | just wanted them to come up with a simple experiment, |
wanted them to have a single variable, | wanted them to make sure that they could
set up an experiment that had a control group, and it had a gradient of the
chemicals, not just all or nothing, the control group or nothing, the experimental

group with the chemical.

Donna, an earth science teacher, provides an exemplar of this conception of

inquiry. She describes an investigation into the factors that influence crystdhg

We start out ...where they go to a web site and collect information on what type of
variables could affect the growth of salt crystals ...how they want to manipulate
crystal growth and they form their hypothesis from there and we make sure that
they quantify them and predict how things will be manipulated. From there they
design the experiment, ...look at the data make sure they control just that variable
and then they graph itin ... and see how their manipulated variable... to conclude
at the end the type of relationship is affected, ... and then what they would like to

do for future studies, then we have them present it in front of the class.

Although there are commonalities between participants, there are atswasst
that are distinct. Amy has a general conception of inquiry as discovery learning but her
enactment focuses on students acquiring content knowledge. Different dterayeals
for inquiry, which stress the importance thaath student can relate t8 @nd “run
simple experiments.Therefore, while Amy stated a goal 8CS] her general conception
and enactment did not lead me to believe this to be thematically representative of he

conception of inquiry.
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Inquiry as Science Content Knowledge

Participants within this theme emphasize the acquisition of content knowledge as
the primary role of inquiry. While students may develop their own procedured, sele
variables to investigate, or work with mathematical equations, the predominagtithem

their conception of inquiry is the development of subject specific content knowledge.

There are different reasons for a focus on content knowledge. For Amy, inquiry
facilitated students’ understanding of content by allowing them to observe phenomena
and generate ideas about what they observed. Even so, it was still necessary to provide

additional content in the form of notes and vocabulary.

“Eventually we narrow it down to the right reason that it is occurring and after
that | usually give them a little bit more detailed notes to give them the

vocabulary to help them explain what they saw and have come up with” (Amy)

Meeting external requirements also played a role in some teachers’ gmphas
content knowledge. For Jane, standards were one factor in her conception of inquiry in

biology. She states:

“The overarching theme was photosynthesis and | was trying to hit all the

standards that | needed to...” (Jane)

Standards and curricular constraints can be perceived as so severe that they
actually prevent inquiry from taking place at all. While Peter frequestyg inquiry

with his IB Chemistry students, his rarely does so with his Chemistry tOdenss.
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“I do inquiry with Chemistry One students very, very little.... Part of the reason
that it's hard to do inquiry with Chem One students is first of all, our curriculum

is so thick that unfortunately | don’t have time....”

Sarah also cites the pressures of standatfusy have a high stakes state test to
pass at the end of my coursédowever, her general conception, enactment, and goals
for inquiry focus orSCSJ indicating that external requirements do not lead all teachers to

focus on content knowledge.

For Peter, who teaches within the structure of the IB program, enactment is
guided by the IB curriculum and fits the themestfidents Conducting Scientific
Investigations His goals, however, support this theme but also emphasize content
knowledge. He statesMainly | want them have an operational understanding of
chemical kinetics .. As a result | made the decision to place him within two themes,

SCSlandContent

Peter, Carl, and Sarah all held the themE@aftentas part of their enactment or
goals for inquiry, although it was not the predominant theme. Part of this was based upon
the expectation that students had been exposed to the process of conducting scientific
investigations in previous classes. This may mean that for some teacheis éhere

hierarchical structure of conceptions about inquiry.
Inquiry as Modeling

The themeModelingconsisted entirely of physics teachers and most often
involved the generation of mathematical equations to describe a physical phenamena. |

general, students were presented with a problem or system. They then designed a
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procedure and decided what data to collect. Based on the data, they conducted an
analysis, often involving graphing, to generate a mathematical model in theffarm

equation to describe the phenomena and predict its behavior.

When asked her general thoughts about inquiry, Diane immediately talked about
the relationships between variables and the centrality of the matheregtiegion. She

stated:

“ ... Is going to happen to be a predecessor to any equation that you may give the
students to show them a relationship between variables. So the inquiry that
you're setting up, see I'm a physics person, so I’'m going straight to an

equation....” (Diane)

Her response is typical of participants who hold the conception of inquiry as
modeling. The primary focus was to use a mathematical equation to describe the
relationships between variables. In Tom’s physics inquiry lesson, studentsictatsa
mathematical model for projectile motion without having studied the actual @ggiati

They then used their model to predict the path of the projectile.

Okay, so | show them that set up and | explain that the purpose of doing this is
trying figure out exactly where the marble is going to land on the floor. So they
calculate that. And this is ahead of learning projectile calculations at all. We

haven't done any of that prior to this. (Tom)

Carl also held the primary conception of inquiry as modeling. In his inquiry
lesson on circular motion, students worked with a computer simulation that gavdéhem t

ability to manipulate variables and observe the effects. Carl also taughtoaiuaory
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physics course for sophomores who did not pass algebra. Here his emphasis was on

students conducting scientific investigations.

Um, we’'re still sort of struggling with experimental design. This is a tougher
population of students. Getting them to carry out an experiment to completion

and discuss the results.

| believe that for Carl, the ability to conduct a scientific invesigaivas a
necessary precursor to modeling. Students must first be able to conduct an experime
before moving on to generating models. In this sense, inquiry can be seen as a

continuum, similar to Peter and Sarah.

For her physics class, Jane also held the conception of inquiry as modeling. Like
Carl she taught an introductory physics course. In her class, student®daiedt
graphed data to develop an improved, environmentally friendly barrier to separate
highway traffic lanes. While there was a mathematical component, the lessaonone
about learning the physics concepts and applying them to the highway barriersitsStude

were not involved with the generation of equations in this lesson.

Summary
The major purpose of this cross-case analysis was to answer thelresearc
guestion,'How does a NBCST's science discipline (biology, chemistry, earth science, or
physics) influence their conceptions, enactment, and goals for inquiry-based teaching
and learning?” Table 27 presents the frequency with which themes occur in the

disciplines of biology, chemistry, earth science, and physics.
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Whereas the quantitative findings relied solely on the reading of an anonymous
portfolio entry for a single class, participant interviews provided a walege of
contexts. NB portfolio entries offered insights about teachers’ conceptions ofyjrimutir
in a limited context. Participant interviews allowed for a variety of &slitypes of
classes, and comparisons of how participants teaching more than one discipline. With an
expanded context comes greater opportunity for variation, which aided in theory

building.

The findings in Table 26 indicate the majority of biology teachers held the
conception of inquiry aStudents Conducting Scientific InvestigatioAssmaller
number viewed inquiry in biology as content. Chemistry teachers tended more tawards
conception of inquiry as content, although by a smaller margin. Similar to biolatly, ea
science teachers tended to hold the conception of inQuBZ & However Contentwas
emphasized by one earth science participant. Finally, physics teaceewhewningly
view inquiry asModeling However, one physics teacher did have equally held
conceptions of inquiry aSCSlandModeling
Table 26

Frequency of Goals of Inquiry for Disciplinés

SCSl Content Modeling Other
Biology 4 2 - -
Chemistry 1.5 2.5 - -
Earth Science 2 1 - -
Physics 0.5 - 3.5 -

! Participants teaching in more than one discipline were counted multiple times
2 Participants in two categories were counted as one half for each category
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Themes emerging from the analysis of interview data are similar to the
guantitative categorization of teachers’ goals and enactment of inqaiGhapter Four:
Quantitative Results, several major categories for teachers’ gyuélsnactment of
inquiry were identified from the analysis of 48 National Board portfolio entietsve
Scientific Inquiry Table 27 is a summary of teachers’ goals and enactment of inquiry
from the quantitative analysis.

Table 27

Primary Goals of Inquiry

Discipline S&i;?]t(i)fcilc Content Modeling ngls:ﬁg] Other
Biology 10 (83%) 1 (8%) - - 1 (8%)
Chemistry 4 (31%) 8 (62%) - - 1 (8%)
Earth 6 (60%) 1 (10%) . 1 (10%) 2 (20%)
Science

Physics 2 (15%) 4 (31%) 6 (46%) 1 (8%) -

The quantitative results presented a similar trend, although more pronounced for
Biology and Chemistry. For physics a greater diversity of goals were foom the
guantitative analysis. Because of the similar trends, the quantitative oatiepr

triangulation for the findings in the qualitative cross case analysis.

Teaching with inquiry takes place within the context of different gradgs an
ability levels, school cultures, high stakes testing environments, mandatocylcumri
requirements, and within disciplines. All of these elements can have an impact upon
teachers’ conception, enactment, and goals for teaching with inquiry.
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The intent of this section was to provide insights into how teachers think about
and use inquiry within the disciplines of biology, chemistry, earth science, astghy
My interpretation of the contextually rich qualitative data in this sectipparts the
assertion that differences do exist in teachers’ conceptions of inquiry iredtffe
disciplines.

Inquiry and Nature of Science

Inquiry and the nature of science (NOS) are closely related and consederabl
evidence exists that inquiry provides an effective context for learning #i@ctireg upon
NOS (Lederman, 2007). The National Board (NB) also recognizes the relgtionshi
between inquiry and NOS. In the MB’A Scienc&tandarddNBPTS, 2007) NOS can
be found under the headiigture of Science and Science as InquifyreStandarddor
AYA Sciencevere developed based on consensus documents in the science education
community (NRC, 1996; AAAS, 1993; NSTA, 1993). As stated inStamdards
(NBPTS, 2007):

Having a clear understanding of the nature of science is essential for the teaching

of adolescents and young adults.

Due to the connection between inquiry and NOS, | decided to investigate
teachers’ conceptions and classroom enactment of NOS as part of this stutiyaré p
goal of my research is to identify and explore how teachers’ conceptiomnenaeind
goals or inquiry differ across the disciplines of biology, chemistry, eaghas and
physics. Lederman (2007, p.871) also identified disciplinary differencesritisal c

direction for future research. He asks:
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Are the nature of science and scientific inquiry universal, or are conceptions

influenced by the particular scientific discipline?

This chapter, along with the data from the Views of Science-Technologjgt$
guestionnaire presented in Chapter Four, seeks to explore the differencegipapdsti
conception and enactment of NOS across disciplines within the context of inquiry.
NOS and K-12 Science Education

Although there are certain areas where disagreements over the naturaag scie
exist, Lederman (2007) argues that these disagreements are not relévad-ti2
classroom. According to Lederman these, areas relevant to K-12 antéfiscie
knowledge as:

e Tentative
e Empirically based
e Subjective
e Involving human inference, imagination, and creativity.
e Being socially and culturally embedded
He also includes:
e The distinction between observations and inferences.

e The relationship between theories and laws.

These elements of NOS are appropriate for the teaching context of thpaatsic
in this study and are representative of those found in th8tiiBdardsdocument.

Therefore, | decided to analyze interviews for the presence of eacbnélem
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The analysis produced very few references to NOS. To explore why this rhay be
chose three participants who might offer theoretical insights into the lack$fiNtheir
discussion of inquiry. The first case, Carl, is the only candidate who directly sefdires
aspects of NOS in our conversations. In addition to addressing elements of NOS, his
enactment varied for students of different ability levels. Donna, the second dasat, di
discuss NOS in her enactment of an inquiry lesson but did believe that the tentifica
process helped her develop a better understanding of the tentative nature of scientific
knowledge. Finally, in her Science Research class, Anita’s students condyeted a
long inquiry project with a goal of entering a science fair. She presents witase her
use of NOS is defined by external requirements. Together the cases provide an
opportunity to seek explanations and build theory about why NOS is absent from

participants’ discussions about inquiry.
Carl: Incorporating NOS into Teaching

Carl teaches physics in a suburban school in Virginia. He has been teaching for
six years and holds a bachelor’'s degree in physics and a master’s ingeadisiclasses
this year include International Baccalaureate (IB) Physics andeAehysics. Carl

received his NB certification in physics.

Of the twelve teachers interviewed, Carl discussed more aspects ofulieeafat
science than any other participant, addressing both the empirical nature tédgmand
the socially embedded NOS. In addition, his physics classes were at two #rels of
academic spectrum offering an opportunity to view NOS within classes akeditffe
ability levels. Students in IB Physics were motivated and high performingiditioa,

they were older, most being seniors. In contrast, Active Physics studeats wer
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sophomores who did not pass algebra. Carl was chosen as one of the cases because
elements of NOS were present in his teaching and because he offered an opportunity

see how NOS was used with different ability levels.

For Carl, the use of inquiry is central to science teaching. Probing further, he
clarifies his thinking by connecting inquiry to the practice of scientistkiwg outside of

the classroom.

Wayne (Interviewer): Could you describe to me what you think of when you hear

the word inquiry in science teaching?

Carl: What I think of when | hear inquiry in science teaching? | think of the way

science should be taught.

Wayne (Interviewer): Okay. Could you expand just a little on that? Why you

think ...

Carl: 1think that it is a way that allows students to experience how real science
is done and if we really want our students to really understand science then they
need to have an understanding of these inquiry skills that, you know, real

scientists use in the real world.

My interpretation is that he believes that inquiry is important becauséeittsef
how research is done byeal scientists use in the real world As a result, aspects of the
nature of science are present in his teaching. In our conversation, the empnigabha

evidence and the socially embedded nature of science are present.
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Empirically based nature of science.

After students collect and analyze data, Carl has them use whiteboards to share
findings. More than just presenting their findings, his students had to explain and defe

how they collected data and the rationale for their decisions.

Wayne (Interviewer): When they were presenting the whiteboards to each other,

what type of communication took place ...

Carl: So two questions that | have they use, practice in class are “How do you
know?” and “Why do you think?” and so | do a lot of scaffolding but at this point
in the year they ask really good “Why did you do that?” “How do you know that
it was a quadratic relationship?” “How many trials do you do?” sort of.
Questions to, to try and uncover the differences between groups that similar
experiments but came up with different results. General questions to hold each
other accountable on, you know, a lot of times it “Did you subtract you initial
mass” or “Did you have a zero mass” or “Did you put zero on your graph?”

“Why did you do that?”

Much like real scientists, students must be able to defend their observations and
show that they are accurate portrayals of the natural phenomena theyeatigating.
Comparing findings and trying to explain differences between groups deateastow

Carl places the inquiry lesson in the context of a scientific community.

Observations are scrutinized by students’ peers and teacher. My inteypnstat
that, for Carl, students holding each other accountable for their findings meatheithat

observations and treatment of the data are accurate, honest, and that students understand
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how they got them. In this manner, | believe his intent is to engage students inss proce
similar to how teal scientistspresent and discuss their findings in the scientific

community.
Social and embedded nature of science.

After he described a lesson on circular motion for his IB students, | askied Car

about his goals for the lesson. He responded:
Wayne (Interviewer): What were your goals for them in this lesson plan?

Carl: Hmmm. What were my goals? Um. Some overarching goals were to hold
each other accountable for the information they presented as a scientific
community. To analyze data to determine the relationships between variables

that weren't linear.

Wayne (Interviewer): When you think back to, without what you actually wrote,

what did you want the kids to go away with?

And then, in holding each other accountable, you know, | want them to have a
better understanding of why is it important that we our data to a group of our
peers. What's the benefit? Right. We sort of explicitly talked about why do we

go through this process and what good does it do.

Communicating and discussing results are an integral part of inquiry for Carl. |
believe he sees sharing data with peers as part of the process of inquiiay,teimi
practicing scientists in a research community. Here again, he disstisdests being
accountable and ties this to the benefits of presenting data to peers. Unlike other

participants, Carl stresses the explicit nature of this discussion.
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Comparison to Views of Science-Technology-Society (VOSTS) results.

In Chapter Four: Quantitative Results, participants’ responses to five VOSTS
items were classified based on the consensus of a panel of experts. WNeritghfs
analyzed, Carl's responses were classified as dlesible Appropriat€2) or
Appropriate(3). Of the twelve participants completing the VOSTS, his responses were
closest to the expert consensus used to measure participants understandingrofidOS i
study. My interpretation is that Carl has developed views about the nature of sence

measured by the VOSTS instrument and as evidenced by interview data.
Interpretation.

Of the teachers in this study, my conversations with Carl contained the most talk
about NOS. In addition, of all participants, his VOSTS responses were the clokest to t
expert consensus view. Because of his explicit mention of NOS in our conversations a

the similarity of his VOSTS responses to experts, Carl is unique amonggzartsci

While Carl included NOS in our conversation, this only applied to his IB Physics
students. | believe this is because students his IB students alreadg badithabilities
needed to conduct scientific investigations. They were able to design and conduct
experiments based on previous academic experiences, and as a result, haderare ti
opportunities to build on this knowledge. Active Physics students were still wprking
struggling in many cases, to be able to desgymple experimentsas Carl puts it.
Emphasizing the basics took priority and left little time for NOS. | belieigdikely that
Carl would incorporate more NOS if his Active Physics students had moreexnqeeri

with conducting scientific investigations.
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In his teaching with inquiry, Carl made several aspects of NOS explilis
direct connection between inquiry and NOS is notable because it shows that he

considered it an important part of teaching with inquiry. He stated:

We sort of explicitly talked about why do we go through this process and what

good does it do.

For me, his use of the terrexplicitly’ signals intent and forethought about
including this aspect of the nature of science in his teaching. | believe higtexge of
NOS is related to his desire to have his students learn about sciencedikectentists
use in the real world’and to experience presenting their findings as part s€iaritific

community.
Donna: Learning about NOS through the NB Certification Process

Donna teaches Earth Science in a rural school in Pennsylvania. She has been
teaching for fourteen years and holds a bachelor’s degree in teaching iesutk and a
master’s in science education. Her classes this year include Honors &aniteS
College Prep Earth Science, and General Earth Science. Her students airiéy/printh

graders. Donna received her NB certification in Earth Science.

Donna works in a school that supports inquiry and where teachers collaborate on
designing inquiry lessons. All 9-12yrade students are required to do one inquiry lesson
each year. The lesson described by Donna in this interview was written by iDonna
collaboration with a fellow teacher and is used by &ljEade earth science teachers at

her school.
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Donna is similar to most participants in that she did not include any aspects of
NOS in her interview. This does not mean that NOS is absent from her science
classroom; rather, she does not include NOS in her description of an inquiry lesson plan
or her goals for inquiry. What makes Donna unique in this study is that she cites her
understanding of science as the only aspect of inquiry that changed al$ of tbe

certification process.

In addition to changing how she thought about the process of conducting
scientific investigations, Donna also experienced changes in the way she tadiee

ways students learn about the nature of science.

Wayne (Interviewer): So now in general in inquiry, as you do inquiry, do you do

anything different as a result of ...

Donna: Yeah, | think that going through the whole process it kind of made me
develop my understanding of science a lot more. Does that make sense to you?

Wayne (Interviewer): Yeah.

Donna: It's like the whole process of what they’re supposed to be doing and what
we should be teaching and not just kind of hitting and running | guess. So | teach

it probably more in depth now than when | used to.

She goes on to further to describe how, before, her students thought of science as
a collection of facts. As a result of the certification process her teachingmphasizes
that evidence is needed to support factual knowledge, is tentative, and could change in

the future.
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So like, | think before students understood like, look at science as, these are the
facts. And now they understand that this is the evidence that leads us to this idea

but that idea could change, as our technology gets better.

For Donna, constructing the portfolio entAgtive Scientific Inquirycontributed
to her understanding of the process of conducting scientific investigations. When aske

what she did differently as a result of the certification process she responded:

| didn’t, the way | design the hypothesis would still be the same. | had to offer up
a little bit more on reliability and validity of data to go through that. Before it

was like, sorry, once and done, we kind of hit, you need to do this many trials, but
we didn’t do as many trials we should’ve and we probably didn’t control as much

as we should have and I really had to focus on that principle.

Her response primarily has to do with the process of conducting scientific
investigations. Here she mentions the need to have students do more trials and
emphasizes controlling variables that could confound the results. My intaguresat
that Donna does not distinguish between aspects of NOS and inquiry. Later in the

interview we discuss what had the most influence on her thinking about inquiry.

Wayne (Interviewer): What was for you, in terms of the evolution of your thinking
about inquiry, what was the most important part of that whole process that we

went through?

Donna: | think that it was that, it is an important process that all kids should go
through, and that even if saying this effect this, cause and effect, cause and effect

is a higher level skill and before | use to think “how can they not get cause and
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effect?” So | think teaching them cause and effect, teaching them that if you
manipulate one it will affect other things, and that if you can’t control an
experiment then the variability is not there and that if you lost that variability you

can’t prove definitely that one definitely affected the other.

Again, the more process-oriented notions of inquiry are emphasized. NOS is not
a part of her description. This is not surprising given the emphasis on inquiry of the NB
portfolio instructions. However, it does indicate to me that, although she is aware of
some aspects of NOS, she does not conceive of them as separate from inquirye | belie
that as a result, there is no explicit mention of NOS in her description or goats of he

inquiry lesson discussed in this study.
Views of Science-Technology-Society instrument data.

For the five items analyzed in the Views of Science-Technology-Society
instrument, Donna’s responses were classifiegspatropriate(3), Naive(1), and None
of these choices fits my basic viewpdirtier responses could be interpreted to mean that
her conception of the nature of science is still developing. However, because one of the
items did not have an item that matched her viewpoint, it is not possible to categorize he
overall view. In addition, drawing conclusions from such a small set of data is not

warranted.
Anita: Implicit NOS

Anita teaches chemistry in a suburban school in Florida. She has been teaching
for five years and holds a bachelor’'s degree in biology and a master’s in teadkeing

classes this year include Honors Chemistry, Advanced Placement Glicamdta
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course entitled Science Research. Students in her Science Research esedtudt in
preparation for a science fair competition. Anita received her NB cattificin

chemistry.

In her Science Research course, Anita’s students are involved in aygar-|
research experience where they develop a research question, designyaoidt @arr
investigation, analyze data, generate conclusions, and finally compete incedaie
Unlike her Advanced Placement Chemistry and general chemistry catwexesare no
testing mandates or content requirements constraining her use of inquiry. Téerefor
Science Research provides a context where it is possible to see how sheatesrpor

NOS in a class specifically about conducting scientific investigations.

While time and curricular constraints are minimized for Anita, students must
follow the International Science Fair rules for student research tgojébis external
influence and its impact on her use of NOS in her Science Research coursakaghism

case informative.

Wayne (Interviewer): Could you tell me a little bit about the Science Research

course that you teach? That sounds really interesting.

Anita: Yeah, it's actually based mainly for students participating in our science
fair. So they’re working on a lot of individual projects or small group projects
where they're actually coming up with the problem, designing the experiment,
implementing either at school, at research facilities, or at home. And then
presenting in the fair. And then after the fair | do a bunch of group projects
where they're doing a Rube Goldberg and they have to come up with a way to

finish that as well.
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In her description of the course she does not mention NOS. My interpretation is
that for Anita, NOS is not an explicit component of inquiry. Students’ efforts aneddc
on the process of conducting a scientific investigation with the goal of competing in a
science fair. To clarify | asked Anita if she believed that students daeng inquiry in

the course.
Wayne (Interviewer): And would you term what they’re doing as inquiry?

Anita: Definitely. Because they’re actually coming up with the question and then
trying to find a way to a way to prove it or solve it or get more information on

that topic.

She believes that students are doing inquiry when they are asking questions and
engaged in problem solving. Moreover, the purpose of inquiry is for them to acquire

content knowledge about the topic being investigated.
Views of Science-Technology- Society Instrument Data

For all five items analyzed in the Views of Science-Technology-Society
instrument, Anita’s responses were classifieAiropriate(2), Plausible Appropriate
(2), andNaive(1). Her response pattern is similar to most participants in the study with

four out of five responses matching the consensus views of experts.
Interpretation.

Like most other participants, Anita did not mention NOS in her description of
inquiry for chemistry students. Based on my interviews and analysis of the twelve
participant interviews | do not find this surprising. However, for her ScienseaReh

class, there was also no mention of NOS. My expectation was that the ressdechd,
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less constrained context would result in a greater emphasis on NOS and on how science

is done by practicing scientists.

My interpretation is that the International Science Fair rules hasasaderable
influence upon her conception of NOS and how it relates to inquiry. A major goal of the
Science Research course is for students to conduct research that will be ientes
science fair. Students who do well then go onto the state, national, and international
science fairs. Therefore Anita’s class follows the Internationah8e Fair rules to

ensure they are eligible.

A reading of the International Science Fair rules (Society fen8e & the
Public, 2009) found no explicit mention of NOS. Since Anita is basing her students’
research on these rules | believe this is one major reason that NOS is et jpresr
description. My interpretation is that in both the International Science Fasramite
Anita’s class, the assumption is that, by doing inquiry, students are inydkeithing
about NOS. This implicit approach to teaching NOS is well documented in the hesearc
literature (Holliday, 2004; Lederman, 2007; Schwartz, Lederman, & Crawford,.2004)
Anita, as evidenced by her VOSTS responses, has an understanding of NOS but does not

explicitly mention it in our discussion about her Science Research course.
Summary

The absence of NOS in almost all participants, with the notable exception of Carl,
may be a result of several factors. First, while NOS is part of thBthilards
document, there is little mention in the instructions and guiding questions for the
portfolio entry,Active Scientific Inquiry As a result, even though the interview was not

specifically about their NB portfolio, the NB process likely influenced ppgids’
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conception of NOS and inquiry. Second, it may be that participants believed that NOS
was implicit in teaching with inquiry. In other words, by teaching with ingsiuglents
would also learn about NOS without the need for direct instruction. Such a beliefis well
documented in the research literature (Holliday, 2004; Lederman, 2007; Schwartz,
Lederman, & Crawford, 2004). Therefore, NOS was seldom included in parti¢ipants

discussion of inquiry.

There are several limitations in my study of participants’ enactméwD&.
Methodologically, the interview protocol used for this study did not include direct
guestions about NOS. This was intentional. Since a major part of the study was to
observe teachers’ general conception, enactment, and goals of inquiry, and to look for
differences across disciplines, questions were of an open nature and pastiwigrant
encouraged to provide as much detail as possible. For example, the interview protocol
included such questions a¥yhat do you think of when you hear the term inquiry
teaching? and “Could you describe an inquiry lesson plan of your choice in as much
detail as possible? My purpose was to get at their conception of inquiry without leading
them towards a particular aspect of inquiry. Within this context few participants

discussed NOS.

Another limitation was the context in which inquiry was discussed. Due to time
constraints it was not possible to explore NOS in the context of other inquiry lessons or
general teaching. While it is tempting to go back and gather additional datieytind
the scope and context of this study. As practicing teachers, time isiaghramnstraint

placed upon both participants and myself. Due to the limited time available and the
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demands of the school context, | did not want to place a further burden on my already

accommodating participants.

Finally, another consideration is how further data collection and analysis would
aid in answering the guiding question of how differences in teachers’ concegftions
inquiry vary across disciplines. In order to study participants’ use of N@38n the
context of inquiry or otherwise, instances where they incorporate the use ahN@$
teaching would have to be identified. It is not clear that this would be feasibddr y
any new data. For these reasons | decided to conduct my analysis andtatierpr

based on the existing data set.

The VOSTS data provides some insight into the question of teachers’
understanding of NOS across disciplines. However, their enactment must be thie subjec
of future research. Quantitative data suggests that differences in vidvesnafture of
science may exist across disciplines, although data presented in this deetiorot offer
insights into those differences. This is primarily due to the dearth of discubsioh a
NOS in participant interviews. As a result, Lederman’s question about whedi&rsN

universal or differs across disciplines will have to be the subject of futusrchse

Apart from NOS and disciplinary differences, several other questions aeo ari
Based on VOSTS data and participant interviews | believe that participahts study
have developed views of NOS but do not explicitly address them in their use of inquiry.
Rather, | speculate that they hold a belief that students will impliegynlabout NOS by
taking part in inquiry experiences. Research has previously identified thisitmpl
approach to NOS (Holliday, 2004; Lederman, 2007; Schwartz, Lederman, & Crawford,

2004). Data presented in this section supports that notion.
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Influence of Science Content Knowledge on Inquiry Teaching

Research has identified a link between teachers’ science content knowledge and
their use of inquiry (Alexander, 1992; Brickhouse, 1990; Smith, ,2@0.7; Smith &
Neale, 1989). However, most of this research has been centered on the fredtiency w
which teachers use inquiry. In this study an attempt was made to determinadrme sc
content knowledge is related to teachers’ conception, enactment, and goalsrgf inqui
This section, along with the correlational analysis in Chapter Four, seeks &r amsw
research questioftiow does science subject area content knowledge influence teachers’

enactment of inquiry-based teaching and learning?”

As described in Chapter Four, 48 MiBtive Scientific Inquiryportfolio entries
were analyzed for thirteen different elements of inquiry. NBCSTs’ sanrescience
content knowledge assessments were correlated with their scores obtagsachfor
element using thBortfolio Inventory Instrumen(ll). Results did not show any
practical relation between science content knowledge and teachers’ emiaat goals

for inquiry.

Participant interviews were conducted with three teachers in the pilottstudy
explore the relationship between science content knowledge and use of inquiryhdfter t
initial three pilot interviews it was not clear if participant interviewsild yield
information. However, the decision was made to include the prompts on science content
knowledge in the interview protocol for the larger study. After an additional four
interviews it was clear that this approach was unproductive. As a result it ewdsdi®
focus on other emerging themes such as the disciplinary differences inlNB&$ of
inquiry.
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One explanation for the lack of sufficient data may be that the participant
interview protocol was not sensitive enough to detect the influence of content knowledge
on use of inquiry. In order to develop a fuller understanding it would be optimal to assess
their content knowledge in a variety of ways and observe how it is used in theingeachi
with inquiry. This would require classroom observations and is beyond the scope and
resources of the current study. However, the topic may be appropriate for future

research.

As seen in other areas of this study, in studying teachers’ content knoatetige
use of inquiry, it will be important to take into account the many other contextual and
cultural influences on how teachers think about and enact inquiry. Science content
knowledge likely does have an influence on how teachers use inquiry; however, a robust,
sensitive methodology with multiple sources of data will be necessary to produce

meaningful results.

Changes in Teachers’ Conceptions and Enactment of Inquiry as a Result of the NB

Certification Process

Teaching with inquiry has been identified as one of the areas most likely echan
during the National Board certification process for science teachéiagéee AYA Science
certificate (Lustick & Sykes, 2006; Park & Oliver, 2008). In this study, twelvécpahts
were interviewed in order to answer the research questimy ‘tlid the National Board

certification process alter teachers’ conceptions of inquiry?

Based on interview data, | placed participants into three categories: those who
experienced considerable change, those who experienced minor change, apdmngartic

who apparently experienced no change as a result of the certificatiosprddesse
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categories were generated by reading all interview and follow-up datdearidying any
text concerning participant change. Transcript text was placed in a sepacament
and emerging themes were identified in an analytical inductive manner. Bhieng
process it quickly became apparent to me that the primary organizingefeatsir
whether or not any change had taken place. As analysis continued | found this

categorization to be productive with related themes emerging within ca®go

TheConsiderable Changeategory represents participants who experienced a
substantial change in how they think about inquiry. For most, this also led to changes in
their use of inquiry in the classroom. For example, it was necessary for Tese#wah
and develop a conception of inquiry that would work within the context of his teaching
prior to creating the portfolio entry on inquiry. According to Toip the point right
now where I'll think while I'm designing a lesson, how can | turn this into an inquiry

based lesson instead of the traditional style.

TheMinor Changecategory represents participants who experienced little change
in how they think about and teach using inquiry. An example is Peter who teaches
International Baccalaureate (IB) Chemistry and an introductory ctrgrolass. He
states, As a function of doing this | do find myself doing a little bit more in terms of
inquiry activities with non-1B classes, but still not a ton of it tHefEhe change towards
doing more inquiry with his introductory chemistry is not large but I interptetmean

that he now realizes the potential for using more inquiry and is trying to do more.

Participants in th&lo Changecategory did not believe, and | did not interpret,
that any change had taken place as a result of the certification prockess.aAhemistry

and biology teacher, state$don’t think it is. | went into the National Boards with the
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only caveat being that | wouldn’t have to change what | was doillen, similar to
other participants in this category, was satisfied and confident with his use oy inquir

going prior to the certification process.

Of the twelve participants interviewed in this study, four experienced
considerable change in their conception of inquiry (Donna, Jane, Scott, and Tom). Three
reported minor change taking place (Anita, Amy, and Peter) and five partsgiated
that they experienced no change (Allen, Cathy, Diane, Peter, and Saranjor@ach
participant are presented in this section to highlight changes in teadmesption and
enactment of inquiry and to offer insights into the nature of these changesip&aitic

are grouped based on the amount of change they experienced, detailed in Table 28.
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Table 28

Changes in Conception and Enactment of Inquiry After Certification Process

Currently

Participant Certificate Teaching Natur e of
Area (2008-09) Teaching Change
Scott Biology Biology 9 Considerable
Tom Biology Biology, Physics 10 Considerable
Donna Earth Science Earth Science 14 Considerable
Jane Physics Physics, Biology 8 Considerable
Amy Biology Biology 6 Minor
. . Chemistry, .
Anita Chemistry Science Research 5 Minor
Peter Chemistry Chemistry 11 Minor
Allen Chemistry C_hemlstry, AP 11 None
Biology
Sarah Earth Science Earth Science 8 None
Earth Science,
Cathy Earth Science Honors Chemistry, 8 None
Astronomy, Pre-
AP Biology
Diane Physics Physics 30 None
Carl Physics Physics 6 None

In the next three sections | elaborate on each category, describingjragayz

interpreting each participant’s words, their teaching context, and how theienced

change as a result of the NB certification process.

Participants who Experienced Considerable Change

Scott.
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For Scott, the National Board certification process provided a way to think about
inquiry. In response to my question about how his teaching with inquiry is different, he
emphasizes three components of successful inquiry lessons: planning, dateoepied
analysis. These components are required in the three video segments thatohtbgar

National Board portfolio entry on teaching with inquiry.

Wayne (Interviewer): Okay. That sounds excellent. Let’s kind of shift gears and
talk a little bit about inquiry and the National Board certification process. Based
on the earlier lesson plans that we discussed can you describe how your teaching
is different, teaching with inquiry is different after completing the National Board

certification process, if it's different at all?

Scott: It is different in the sense of putting together that portfolio entry. | had to
think through a good inquiry lesson, a good inquiry project. Not just something
that you come up off the top. It had to be thought out, it had to be sequenced.

You know, planning out how to do something like that well. Thinking through the
steps the way that they have the three video segments, where there was the
planning stage, the data collection stage, and then the analysis stage, and then to
make sure that all three of those things actually work. And somebody from the
outside can see that they work. ... So spending enough time and making sure that
all of those steps were done well and done, have the students engaged, there
wasn’t a follow the recipe kind of thing all the way through. You know, there was

a lot of student engagement, they made decisions, there enough of me making sure
that all three, the before, during, and after are done well and done thoroughly

and the students understand each aspect. That's really what | got out or that most,
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is that you can't, for a project to be successful you can’t come up short on any of

those three.

| speculate that the certification process gave Scott a model for thinking abo
what makes an effective inquiry lesson. He now believes inquiry must be comprehensive
and inclusive. By this | mean that all of the steps he uses to describe inquinyngla
data collection, and analysis, must be present for an inquiry lesson to be effective. Hi
conception of inquiry as planning, data collection, and analysis is a direct resslt of hi

preparation of the National Board portfolio entigtive Scientific Inquiry

Like most participants in the study, the primary motivation for Scott was
financial; however, he found the process encouraged him to think about his teaching

more often.

It wasn’t easy. It was a brutal year. And now, the nice thing is that | think about
it all the time. | think about how | could be improving. | think about what | could

be doing this year and that kind of thing.
Tom.

Tom found constructing the portfolio entAgtive Scientific Inquiryto be one of
the most valuable components of the National Board certification process. Foh&om, t

process resulted in major changes in how he thinks about and enacts inquiry.

Wayne (Interviewer): Let’s talk a little bit about your ideas of inquiry were
influenced by the, going through the National Board certification process. Could
you describe how with your teaching with inquiry is different now that you have

completed the certification? If it did.
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Tom: Yeah, prior to certification, | did some of this maybe, but not a lot. Even
when | read through the whole description lesson, | had to go online and look it
up and actually define to it myself and what it was and how it functioned.
Because | had a minimal understanding of it, and just through the process of
National Board, this is the one area where I really strengthened my own teaching
and began to understand all the evidence in support of inquiry lessons. To the
point right now where I'll think while I'm designing a lesson, how can I turn this

into an inquiry based lesson instead of the traditional style.

In order to complete the National Board enfgtive Scientific InquiryTom
needed to first develop a better understanding of what it means to teach witi irfguir
a result, he now sees inquiry as a major part of his teaching repertoire lzglans
new lessons asks himselhdw can | turn this into an inquiry based lesson instead of the
traditional style.” | believe that his efforts to research and define inquiry for himself and
construct the NB portfolio entry on inquiry provided a personally relevant professi
development experience. The changes he experienced took place because he was able to

place the concept of inquiry in his own teaching context.

Describing what part of the process led to this change Tom identifies the actua
process of researching inquiry. For him this process was more meaningfulleatigtef

than other forms of professional development.

Wayne (Interviewer): ... And what was it about that process that made you

change...

Tom: | think [?] but | felt that the process that | used to change was really an

inquiry process. Where | didn’t really understand what inquiry was so | had to
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inquiry about the process itself. And if somebody had just, if | had gone to a
seminar to get told about it, | don’t know that | would have actually taken it as

far. The fact that | did the research and did the inquiry to learn about the process
and through that understand its merits, | think really made it cemented into my

mind.

Tom represents the most pronounced change in his conception of inquiry teaching
of the twelve participants interviewed. He went from having a limited conception of
inquiry to making it a consistent component of his lesson planning. This represents a
considerable change in both his conception and enactment. My interpretation is that prior
to constructing his portfolio Tom did not have a developed conception of inquiry and
how it related to his teaching situation. As a result an opportunity for substantigéchan
existed. His willingness to recognize this and use the opportunity to develop his

conception about inquiry is an essential component of change.
Donna.

For Donna, constructing the portfolio entAgtive Scientific Inquirycontributed
to her understanding of the process of conducting scientific investigations. When aske

what she did differently as a result of the certification process she responded:

| didn’t, the way | design the hypothesis would still be the same. | had to offer up
a little bit more on reliability and validity of data to go through that. Before it

was like, sorry, once and done, we kind of hit, you need to do this many trials, but
we didn’t do as many trials we should’ve and we probably didn’t control as much

as we should have and I really had to focus on that principle.
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The certification process led her to place a greater emphasis on the design o
inquiry investigations. Examples include conducting sufficient trials to obtaatle!
data and controlling variables during the experimémiaddition to changing how she
thought about the process of conducting scientific investigations, Donna also recgerie

changes in the way she teaches and the ways students learn about the naturesof scienc

Wayne (Interviewer): So now in general in inquiry, as you do inquiry, do you do

anything different as a result of ...

Donna: Yeah, | think that going through the whole process it kind of made me
develop my understanding of science a lot more. Does that make sense to you?

Wayne (Interviewer): Yeah.

Donna: It's like the whole process of what they’re supposed to be doing and what
we should be teaching and not just kind of hitting and running | guess. So | teach

it probably more in depth now than when | used to.

She goes on to further describe how, before, her students thought of science as a
collection of facts. As a result of the certification process her teaehphasizes that

evidence led to the ideas; that knowledge is tentative and could change in the future.

So like, | think before students understood like, look at science as, these are the
facts. And now they understand that this is the evidence that leads us to this idea

but that idea could change, as our technology gets better.

For Donna the part of the certification process that was most important dealt wi

the process of conducting scientific investigations. She stated:
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| think that it was that, it is an important process that all kids should go through,
and that even if saying this effect this, cause and effect, cause and effect is a
higher level skill and before | used to think “how can they not get cause and
effect?” So | think teaching them cause and effect, teaching them that if you
manipulate one it will affect other things, and that if you can’t control an
experiment then the variability is not there and that if you lost that variability you

can’t prove definitely that one definitely affected the other.

For Donna the certification process helped her think about the importance of
designing scientific investigations and manipulating variables to deterdmow they
interact. In addition she changed the way she presents scientific knewdédagng

from a factual presentation of information to a more evidence-based, tentatwe vie
Jane.

Jane’s experience with the National Board supported her belief that inquiry is
effective when students develop ownership and work on an investigation that relates to a

societal problem.

| guess a little bit more specific, the inquiry that | did for National Board, it really
just made me understand that the students have to own the information. Like they
have to understand why they’re collecting the data. If they just go up and count
cells in the microscope, if they're trying to answer a question that's going to solve
something for the greater good, they kind of get a little more into it, a little more

invested.
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Developing ownership is related to students being abledlv€ something for the
greater good. This is present in her description of a physics inquiry lesson where
students are given a scenario to design environmentally friendly highwardaithe
NB process gave her an opportunity to look at her own teaching and recognize the
importance of having students take ownership in their scientific investigatibesgogs
on in a less specific manner describing the change in the context of how shewatiches

inquiry. At the conclusion of the interview Jane stated:

Wayne (Interviewer): Is there anything else you'd like to add about the whole

National Board process that we hadn't really talked about?

Jane: No, | thought it was, | thought it was definitely, like | said, | thought that |
was doing inquiry lessons sometimes and | wasn’t and | thought and | think that’'s
S0 unique about the whole National Board experience it that it really forces you to
look at what you do and it's not just a, this is what | do and score me on it, | mean
| had to grapple with a lot of things that | thought that | did well and reassess
myself. And that was tough to do at that point in my career just because | had
established myself as what | thought to be as a good teacher. And then, there’s
always room for improvement but sometimes | needed to improve in places that |
didn’t necessarily think | need to. So it was a very good process. I'm glad that
inquiry was a part of it because it definitely improved more of my lessons that

way.

The process was often difficult for Jane as she reflected on her own teaching and
identified areas where she needed to change. Part of that change wasedefinshe

thought about inquiry.
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Participants Experiencing Minor Change
Anita.

Anita states that she did not experience any change in her use of inquiry.
However, the NB certification process did provide her with the opportunity to expand her
use of inquiry. This included allowing students to be more independent, ask questions,
and write up procedures for labs. As a result she is in the process of modifying some of

her labs to be more inquiry-based.

It hasn’t changed, I've always let the kids do a lot of hands-on, I'm trying, it's
harder with chemistry to get full inquiry because of all the hazards involved. But
I’'m trying to rework some of my labs so that they’re actually able to do it on their
own, and ask questions, and write the procedures with that. National Board
doing the double replacement lab really let me find a way that | could do it and

still make it safe for them to actually perform.

Based on our conversation my interpretation is that, while the certificatioagsroc
did not change specific aspects of her conception of inquiry, it did change what she
believes is possible in her classroom. She now believes that she can support students in
asking questions and designing procedures, and as she gutittph their owtd’ In this
sense the change is more about what she believes is possible in the context of her

teaching situation rather than her conception of inquiry.

Although the process encouraged Anita to modify her labs to be more student-
driven, she also states that the process had a negative effect on her teachirtealuring

time she was working on her portfolio. The time required to engage students in an
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inquiry experience for her portfolio entry meant that she was not able to dawer a

required course content.

Again what | found troubling with the National Boards was that they had a set
requirement and while | was trying to meet that requirement as well as teaching it
actually deterred from some of my classes. | didn’t get to cover enough material
in certain aspects, doing the discovery lab, | spent a whole week on that and kids
really enjoyed spending a lot of time in the lab actually figuring out stuff and how

it applied.

Anita felt that the time she spent on inquiry to meet the NB portfolio requirements
prevented her from covering the course curriculum. However, the process did give her

opportunity to think about her teaching and a chance to try new teaching strategies
Amy.

The National Board certification experience did little to change eithertioeint
or the way Amy uses inquiry in her classroom. In the interview | asked her how the

certification process changed her thinking and use of inquiry. She replied:

| think | do a little bit more inquiry, because | know that it is more meaningful
learning. And since I've done this now for so many years I’'m more familiar with
the curriculum I think I know where | can allow the students to have that time to
make it more meaningful, but I honestly haven’t changed it tremendously. There
have been some changes but very few. Very few. | generally, the type of students
| deal with, just because they are honors students, or the class is honors, | don’t

think that they’re necessarily honors students, and that’s one of the problems at
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our school, like, but I'm sure all schools have problems like that, so | have to
make it as real world as possible and | think that inquiry helps the students do
that. It makes it a little more concrete for them. And | definitely saw that in the

National Board process, like in the reflecting part of it.

Although Amy saw little change in her conception or use of inquiry, the
certification process did support her thinking on the need for inquiry to relate tolthe rea
world. This connection to the real world is important to her because it results in their
learning being & little more concrete.”Based on her response, my interpretation is that
her beliefs about her students’ abilities lead her to this emphasis. Refl@ather
portfolio entry strengthened this belief. Finally, having achieved NB cettdit, Amy

states:

Yeah, | guess now that | have it, especially not being education, and this is the
last thing I ever thought I'd going to do was to teach school in all honesty, | never
thought that they would hire me, | never thought | would enjoy it, and so it's been
a pleasant surprise but I've always, kind of been, um, worried that I didn’t have
the skills perhaps? So | think it validated that not having that education and
you're still a good teacher. For me it did. Because | feel like not everybody can
get it and it doesn’t matter if you're education major or not, like, it's either you're

a good teacher or you’re not.

Although her rationale for seeking certification was financial, like most
participants, having successfully completed the process Amy found that madd her fee
more credible as a teacher. For her certification provided tangible evidemee of

teaching abilities and formal recognition that she was an accomplishbdrte&taving
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entered teaching through an alternative certification program, Amyofak soncern
about the impact a nontraditional education background had on her teaching. The NB
process served to allay those concerns. While this does not directly relate t® dier us

inquiry it demonstrates the importance of the certification process to Amy.
Peter.

Peter teaches International Baccalaureate Chemistry and Qiyemst, an
introduction chemistry course. Required labs in the IB Chemistry curriculovidpra
structure and time for inquiry. As a result, Peter déasgr“or five’' labs a semester with
his IB students. Peter indicated that he did not change his conception or enactment of

inquiry. As he explains:

That's what, almost exclusively what inquiry learning would look in the IB class.
They have to do so many of these design labs, | end up doing so many design labs
with them, so | don’t really go out of my way to incorporate a ton of extra design
into lesson planning. | end up doing four or five design labs a semester with

them.

The IB program provides external requirements which result in Peteefrigu
using inquiry in his IB classes. These requirements effectively pr&atkr with a
model for inquiry which he cannot appreciably change due to the nature of the IB

program and assessments which his students must take at the end of the course.

While there was no change in the way he used inquiry in his IB classes the

certification process made him think more about how often he uses inquiry with his
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Chem One students. When asked about changes as a result of the certificatien proces

Peter replies:

Actually, it is different, honestly, to be completely honest, it's not completely
different cause | was already doing the inquiry anyway with IB. As a function of
doing this | do find myself doing a little bit more in terms of inquiry activities with
non-IB classes, but still not a ton of it there. ... But that's a lab that Chem One
students could do, once they’'ve got stoichiometry down, and they know some
basic lab procedures, like filtration, collecting a gas over water, a Chem One
class could do that. And once in a while | will do [?] something basic like that
with a Chem One class. But honestly not very often. Not as often as | wished |

had time for.

The certification process did make him more aware of the option of doing more
inquiry with his Chem One students. Even so, this awareness did not translate into

practice.
Participants Experiencing No Change

Five participants reported no change in their use of inquiry as a result of the NB
certification process. Of those five, Allen, Cathy, Diane, Peter, and Saradst all
were satisfied with their current conception and enactment of inquiry. The NB
certification process did not alter their conception or enactment of inquiryoare cases

supported their conception and use of inquiry.
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Diane.

Diane believes that her structured approach and familiarity with résearc
learning precluded change from taking place. In other words, because shedogte
already had an extensive background in teaching and pedagogy, the certificatiess
offered little opportunity for new learning. | asked her to discuss thécaron

process:

Wayne (Interviewer): Okay. We'll let’s talk a little bit about inquiry and the
National Board. Based on our earlier discussion here, could you describe how
your teaching is different after teaching the National Board process, if it is

different?

Diane: I don't thinkitis. | have always been super-organized and very up to
date on research. I've had professional development classes on research in brain

neurology and learning and memory.

Wayne (Interviewer): Okay. So you don't feel that your use of inquiry or anything

else has significantly changed as a result of the process?

Diane: | don’t think so. I've always been very structured in terms of what lessons
| do as inquiry, what lessons | use, there also some laboratories that | use as

authentic assessments.

My interpretation is that Diane is comfortable and confident in her use of inquiry
By this | mean that she believes her teaching with inquiry meets the ridexdisstudents
and the expectations of the NB. She supports this assertion with having reacthresear

education and through the structured nature of her lessons. It is also likélgrttatty
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years of teaching experience is also influential. As a result thefevaogportunities for

change.
Sarah.

Unlike the majority of participants, whose primary rationale for undertaking
seeking National Board certification was financial, Sarah wasesttt in certification as

professional development.

| was looking for professional development experience that would be worthwhile.
I've done a lot of other things and felt like | was a plateau where there wasn’t
much else offered in terms of professional development that | could really learn
something from and | thought that this was a logical next step in my professional
development. And | knew it would be challenging and | wanted to see if | could

do.

While her there were other changes in her teaching, no change took place in her
use of inquiry. This is primarily because Sarah believes that she is alreagyrapiiry
as a result of both an inquiry-centered science department at her school aadhesr te
preparation program. In her science department there is a focus on inquiny whic
provides both encouragement and a rationale to use inquiry. The emphasis placed on
inquiry in her teacher preparation program created enthusiasm for the use yf inqui
although she found implementation in the classroom to be more challenging than she

expected.

They haven’t changed that much because we, specifically in my department we've

always be very inquiry focused and [?]. For me teaching is a second career, S0
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I’'m kind of late coming to it, so I'm more recently out of school than a lot my
colleagues, so that was very heavily emphasized in my teacher program, so |
came in all geared up to do inquiry, and then realized that it's not so easy. You
know, huge class sizes, you have these great ideas and then the logistics of doing
it is much harder. It was nice to see how much, you know sometimes you get
discouraged and you feel like | can’t do it. But it was nice to see that it was so
supported in the National Board and that sort of helped to keep me motivated

that, yes, this is how we’re supposed to be doing science.

Although she experienced little or no change, the process did validate her use of
inquiry and provide motivation for her teaching. My interpretation is that Sarah had
substantial exposure to inquiry in her teacher preparation program and tedbhea w
science department that supports inquiry. As a result, and like other participants w
experienced little or no change, Sarah already had a developed conception of inquiry,
although she found it challenging to implement. Therefore, the process did noinresult
change. It did however support her conception that inquiry is an important and is a

valuable way to teach science.
Allen.

In his interview Allen described a detailed three-day cycle he uses torglan a
implement inquiry. The cycle involves identifying a problem and developing a precedu
to solve the problem. After carrying out the procedure and collecting data, students
conduct an analysis to formulate a conclusion. This generates new questions and the

cycle begins again. He states:
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Wayne (Interviewer): Based on what we’ve been talking about can you describe

how your teaching with inquiry is different after completing the certification?

Allen: I don’t think it is. | went into the National Boards with the only caveat
being that | wouldn’t have to change what | was doing. ... But | didn’t want to,
especially with all the videotaping, and everything else, | didn’t want to change

what | was doing and try to fit it into something that | wasn't.

Based on our conversations | believe Allen was satisfied with his appneéch a
saw no reason to change the way he teaches with inquiry. He has spent a great deal of
effort to develop a three-day cycle for teaching with inquiry and the cyaléded a
working model that shapes his use of inquiry. He saw no reason to do anything

differently because he was confident and satisfied with his way of teachmauutiry.
Carl.

Carl teaches IB Physics aAdtive Physics He indicated that there is no change
in either course. Like the majority of other candidates who did not experience any
change, Carl is satisfied with his conception and use of inquiry. He states ¢maé el

the certification process already possessing a strong conception ofinquir

| don’t think | would say it's much different. | think that prior to completing entry

two | had a fairly good understanding of the power of inquiry and why to do it.

My interpretation is that Carl, like Allen, has a model for thinking about and
enacting inquiry. In his case, the International Baccalaureate prepgoamdes detailed
requirements for designing investigations. In addition, his participation insprofal

development activities, such as a fellowship in an inquiry-centered teaching atigemiz
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and participation in workshops on modeling and using inquiry in physics, have helped
him to further build upon his conception and enactment of inquiry. Therefore, with his
established conception and enactment of inquiry, there is no reason to change how he

thinks about or use inquiry.

Cathy.

For Cathy, no change took place in her conception or enactment of inquiry but the
process of videotaping her classes did help her expand her understanding of her students.
This, however, was more centered on interactions with students, in particular students

whose first language is not English. She states:

Yes, | think it did change. | think it changed in regard to, not so much as how |
saw inquiry before and after the process, but it changed my opinion in how I've
used others processing of information. For example, one of my revelations, and |
don’t know why this didn’t occur to me sooner, but some of my students who
speak English as a second language, they were having trouble with some of the
concepts, just with communication, and as | was watching the video that was
taken during the process of National Board, | was watching it and | was seeing,

maybe for the first time, ...

Wayne (Interviewer): Anything else you can think of where changes may have

taken place? If not that's fine.
Cathy: | can’t think of anything at the moment.
Cathy does not, however, discuss why the certification process, in particular the

portfolio entry on inquiry, did not lead to any changes in her conception or use of inquiry.
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Summary

Together the twelve participants offer different views of how the NB aatidin
process influences high school science teachers’ thinking about and enactmeuirgf i
The categorie€onsiderable Changélinor ChangeandNo Changeprovide a

productive framework to try and make sense of their experiences.

Four participants experienced considerable change. Scott and Tom reported the
biggest changes in their conception and enactment of inquiry. For both, the process led
them to generate new mental models of inquiry. Tom stated thegdlby ‘didn’t
understand what inquiry wasnd needed to research the meaning of inquiry to develop
his own understanding. This research, along with the certification processs mguiry
became an integral part of his lesson planning. Scott adopted the NB model of inquiry
with a focus on three stages of an investigation: planning, data collection, andsanalys

For Scott each stage was necessary for successful inquiry and guidesdfisghgsiry.

Donna and Jane also experienced considerable changes to their conception and
use of inquiry, although not as pronounced as Scott and Tom. Change for Donna resulted
in an expanded understanding of designing experiments. She also increased her
awareness of the evidence-based, tentative nature of scientific knowledglané&othe
certification process strengthened her conception that students need to develspipwne
of their investigations and one way to do this was to relate these investigatsmcsetal

problems.

Of the participants who experienced considerable change, two conditioesl exist
First, there was a willingness to change. This is seen in Tom’s researaiuiry,

Scott’s adopting the NB model, and Donna’s revelation about the nature of experiments
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and scientific knowledge. The second condition was that there must be room for change
to take place. In other words, there needed to be an aspect of their teaching where there
was potential for learning and change. Participants are not likely to cheange t

conception or enactment of inquiry if they are already using inquiry, have d toode

support their use, or have a developed conception.

Three participants underwent minor changes in their conception and use of
inquiry. The changes tended to support or strengthen existing beliefs and praatice
did little to alter their conception. For Anita the certification process prd\ade
opportunity to try new things. As a result, she became more confident in her use of
inquiry with her chemistry students. With Amy, the process supported her thinking about
inquiry as a way to relate science to her biology students’ previous experiaddde a
outside of the classroom. Peter did not change his conception of inquiry but was
encouraged to do more inquiry with his introductory chemistry students, although the
increase was minimal. For each, the experience resulted in minor changesijyin

their use of inquiry, while their conceptions remained mostly unchanged.

The final group, those who did not experience any change, consisted of five
participants. For these participants, the NB certification procesedflittie opportunity
or reason to change. They already had developed conceptions of inquiry, reported using
inquiry frequently, and were confident in their use of inquiry. For these participlaats

certification process served more as a way to recognize their teaching

Both Carl and Allen described consistent, comprehensive models of inquiry they
used to support their thinking and enactment. For Carl, the International Baeatda

program provided an external model as did extensive professional development
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experiences. Allen used a self-developed planning technique to plan inquiry. For both,
these well-developed models resulted in the NB certification processgffew new
strategies or experiences. Carl and Allen, like others who experienced no, ahargge

both confident in their frequent use of inquiry.

Diane and Sarah were also confident but did not specifically discuss models of
inquiry. In addition to her thirty years of experience, Diane was alr@aijiar with
inquiry, supported by her interest in educational research. The NB experience did not
offer new information or opportunities for change. Sarah cited the support of mmescie
department and inquiry-focused preparation programs providing here support and a
foundation for teaching with inquiry. As a result, no change took place, although the
process did validate her use of inquiry. For both, their confidence in their use of inquiry
meant that the certification process did now provide them with a new learning
experience. Cathy also did not experience any change in her use or conceptiomyof inqui

although it is unclear why.

Based on teachers’ descriptions of changes in their conception and use of inquiry,
| believe that several conditions existed that supported their changsiswéasra
willingness to change. In the case of Tom he was willing to invest the effondtodea
fuller conception of inquiry. Second, room must exist for change to take place. For
participants experiencing considerable change there was an area ofatigseghat was
absent or not developed. Participants who did not experience change did not have this
space to change. Finally, although a willingness and room to change are mtplogtz

needs to be an opportunity for teachers to carefully plan an inquiry lesson, teach and
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analyze their teaching, and reflect upon their practice. For many inutlis gte NB

process provided that opportunity.
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Chapter Six: Discussion
Introduction and Theoretical Framework

At the beginning of this thesis | defined inquiry based on the widely respected
document, the National Science Education Standards (NRC, 1996). This, and other
influential documents (AAAS, 1993, NSTA, 1995) have shaped public discussion on
what inquiry should look like and achieve, including the NB AYA Science Standards.
My rationale for doing so was to provide a baseline with which to compare and describ
inquiry across disciplines. After studying over sixty National Board fizgttScience
Teachers (NBCSTSs), | now believe that, in comparison to the NSES vision of inquiry
there are a number of different conceptions that result from the contexts mtedwtiers

work.

While each teaching situation consists of many contextual and cultutednoés,
my research suggests that the subject matter discipline; in this studyybaieqistry,
earth science, and physics; plays a major role in how teachers think about@nd ena
inquiry. The challenge in this discussion is to describe the trends present in ragdiata

to explain why disciplinary differences exist in teachers’ use of inquiry.

Situated cognition provided a theoretical framework to organize and make sense
of the findings in this study. Located within a sociocultural research paradigated
cognition posits that learning takes place within a social context and culture atigtha
two are intimately related (Brown, Collins, & Duguid, 1989). According to Lave and
Wenger (1991), learning is dependent upon context, is socially negotiated, and takes

place through enculturation into communities of practice. As was seen in this stud
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context and communities of practice lead to differences in how inquiry is taughs acr
the science disciplines. Rather than focusing on the internal mental imageonbaats
in this study, the situative perspective emphasizes systems of interaatteersthan

individual behavioral or cognitive processes (Greeno, 1997).

This section is subdivided into three sections based on the situative perspective.
In Chapter Four and Five, evidence was presented suggesting that disciptindsy t
exist between biology, chemistry, earth science, and physics teacke s inquiry.
Based on the framework of situated cognition this chapter explores those fférds
first section Activity, focuses on teachers’ enactment and goals for an inquiry lesson. In
the second sectiogontext | look at how a teacher’s environment can influence their use
of inquiry. Discourse Communitieshe last section, addresses teachers’ participation in
several learning communities that may lead to differences acrossidesipin
conclusion, | present a possible model describing the interactions betweéw, acti

context, and discourse communities.

Activity of Teaching with Inquiry

Although much of the development of situated cognition has taken place with
students, a growing body of research has applied it to teachers (Putnam & Borko, 2000).
Researchers have found situated cognition a useful tool for understanding teacher
learning in terms of the context surrounding teaching and the discourse comsranitie

which teachers participate. As described by Brown, Collins, and Duguid (1989, p.32),

... knowledge is situated, being in part a product of the activity, concept, and

culture in which it is developed and used.
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Activity, as applied to this study, is comprised of the act of teaching. In portfoli
analysis and participant interviews, this consisted of NBCSTs’ descriptibeiof t
enactment and goals of an inquiry lesson plan. In this section, findings fronuttyis st

are presented to describe the activity of teaching with inquiry.

The NB portfolio entryActive Scientific Inquirydocuments an inquiry lesson
and served as the basis for analysis in the quantitative portion of this stugtyieims in
which participants discuss their conception, enactment, and goals for inquiry, made up
the qualitative aspects of this study. In addition, interview participants @igoleted
the Views of Science-Technology-Society (VOSTS) Questionnaire fAéad & Ryan,
1992) to provide data on their understanding of the nature of science. Together, these
multiple data sources inform us how the activity of teaching with inquiry takes pla

the disciplines of biology, chemistry, earth science, and physics.

Quantitative Results: Portfolio Analysis and VOSTS

The quantitative analysis of 48 NB portfolio entridstive Scientific Inquiry
provided evidence suggesting disciplinary differences exist in teachartieant of and
goals for inquiry. First, in comparing biology, chemistry, earth science, arsitph
teachers’ enactment of specific elements of inquiry, significantrdiftes were found.
Second, categorizing teachers’ enactment and goals of inquiry revealedithieamds in
participants’ use of inquiry. Finally, data from the VOSTS questionnaire segbast

disciplinary trends may exist in teachers’ views on the Nature of Scie@®)(N
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Analysis of variance (ANOVA.)

Using the Portfolio Inventory Instrument (P1l) developed for this studyfqgbiort
entries for 48 NBCSTs were analyzed. Each portfolio was given a rank scaehoRle
item. A one-way ANOVA was then conducted for each item to detect if difiesenc
existed between biology, chemistry, earth science, and physics teahierso data
collection it was determined that, for the ANOVA, a sample size of 48 participants
(twelve in each of the four disciplines) would be necessary to achieve dcsigoef of
.05, a power of 0.8 with an effect size of 0.5. The Tukey post hoc test was conducted for

significant results to determine which groups differed.

Based on the analysis detailed in Chapter Four, the following significansresult
were obtained.
e Biology teachers are more likely than chemistry and physics teachers to
support students’ efforts to develop a research questi@w4) = 4.31,

p=.01Q

e Biology teachers are more likely than chemistry, earth science, and
physics teachers to allow students their choice of research questions or

variables to investigat&(3,44) = 7.70,p = < .001

e Biology teachers are more likely to include the use of a hypothesis in

inquiry than chemistry and physics teachd¥&,44) = 8.15,p= < .001

e Physics teachers are more likely to encourage and support use of
mathematics in students’ investigations than biology, chemistry, and earth

science teacherb(3,44) = 6.73p=.001
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e Physics teachers are more likely to have students’ work culminate in a
model than biology, chemistry, and earth science teadh@rd4) = 4.39,

p=.009

No significant differences were detected for the following items on the PI
students engage in designing their scientific investigations; students conduoiificcie
investigations; teacher encourages and supports the use of technology in’students
investigations; students review current scientific understanding, evidentckgc to
determine the best explanations or models; students are encouraged to consider
alternative explanations for their conclusions or theories; students commuatioate
their investigation in writing; students defend their investigation and respond
appropriately to criticism from peers or teachers; and students presepréseintation

publicly.
Goals and enactment.

Portfolios were classified based on four themes that emerged duringsnalysse
themes are based on teachers’ goals and enactment of the inquiry lessarNB thei
portfolio entry. They ar&tudents Conducting Scientific Investigation (SCRlience
Content KnowledgeModeling Problem Solvingand a generd&ther category. It was

found that:

e Biology teachers tend to view inquiry 8€SI(83%).

e Chemistry teachers tend to view inquiry as a means to @&aemistry Content

Knowledgg(62%) andSCSI(31%).
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e Earth Science teachers tend to view inquir$$@s1(60%). The remaining
participants were distributed acrdsarth Science Content Knowledd@eoblem

Solving andOther.

e Physics tend to view inquiry &godeling(46%),Physics Content Knowledge

(31%), andSCSI(15%).

A detailed treatment, including examples of how participants were categjoisz
presented in Chapter Four. Trends are explored through participant interviewpiarCha

Five.
ANOVA and goals/enactment: comparison of findings.

Both the comparison of groups using the ANOVA statistical test and the
categorization of participants’ enactment and goals for inquiry produceusineihds.
Further, these trends are also present in the qualitative analysis cppattinterviews
with twelve NBCSTs described later. Biology and physics provide the sttonge

examples of this.

An analysis of variance found biology teachers to be more likely to have students
choose their own questions and provide support to students as they develop those
guestions. In addition, the hypothesis was a frequent feature in their enaatment
inquiry. This trend was also found in the frequency in which the ttgtodents
Conducting Scientific Investigatiomsose in their goals and enactment of inquiry. Over

80% of biology teachers were categorize&&sl

Participants categorized within the the8@Slprimarily approach inquiry with

the purpose of teaching students to conduct scientific investigations. While they may
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have secondary goals such as teaching science content knowledge or engdging st
activities mirroring the work of practicing scientists, the focus is on how to conduct
scientific investigations. Therefore, the ANOVA results, showing a foeisuments
asking research questions and formulating hypotheses, support the idea otieestruct

approach consistent with conducting scientific investigations.

Physics teachers were found to encourage the use of mathematics and have
students’ work culminate in a model, most often mathematical in nature. This
statistically significant result is consistent with the categaodmaif most physics
NBCSTs (46%) as having their enactment and goals of inquModsling However,

the themes oPhysics Content Knowled§@1%) andSCSI(15%) were also present.
Nature of science (NOS).

The Views of Science-Technology-Society questionnaire (Aikenhead & Ryan,
1992) was used to measure NBCSTs’ conceptions of the nature of science. NBCSTs’
responses were presented along with those of experts to provide a comparison and a
means to rank participant responses. While the sample was not large enough to make

statistical comparisons, several trends did emerge.

An overarching finding was that over seventy percent of responses weraeadassif
asAppropriateor Plausible/Appropriate.While this is based upon a sample of twelve
participants and only five VOSTS items were included in the analysis, it does suggest

that NBCSTs hold views of the nature of science similar to experts on the subject

Disciplinary trends were found in two of the five items. For the item, Nature of

Scientific Knowledge: Scientific Models, it appears that chemistry agsigihteachers

304



hold views closer to expert judges than biology and earth science teachersay s
due to the more frequent use of abstract models in these classes. Portfolis asalys
consistent with this finding in that physics teachers were more likely to inedepor
modeling in their teaching with inquiry. For the item, Nature of Scientifioudedge:
Tentativeness of Scientific Knowledge, all disciplines, with the exceptibrotufgy,
were similar to the expert views. For the remaining three VOSTS itemsciplidiary

trends emerged and most candidates held views similar to the expert judges.

These disciplinary differences are an appropriate subject for futusrchse
Rather than a more universal view of NOS, the current study suggests that clfferen
exist between disciplines in teachers’ views. Lederman (2007) identifeeddltai critical

guestion in the NOS research community.

The analysis of portfolios, both for specifispects of inquiry and overarching
themes, suggests that disciplinary trends exist between biology, chenastnsaence,
and physics teachers. However, while this describes the activitycbfrigavith inquiry,
a different methodological approach is necessary to access the contextuatesltrat

shape teachers’ enactment and goals of inquiry.
Qualitative Findings: Participant Interviews

The relationship between discipline and use of inquiry is situated within the
context and culture of teachers’ practice. Quantitative results indicattidb@linary
differences likely exist between different disciplines. A strength ofjtizmtitative

methodology is the ability to detect differences and the probability with wihéghetxist

within a population based on a sample. However, to explore why these differentes exis
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and to obtain further evidence on how they exist in teachers’ day-to-day practioee
contextualized methodology was required. In order to do so, | conducted participant

interviews with twelve NBCSTs from the 2008 cohort group.

A cross-case analysis of twelve participant interviews and follow-up
communications resulted in findings similar to the quantitative analysis éblpzst In
general,

¢ Biology teachers are twice as likely to approach inquir$@S! However, the
themeBiology Content Knowledgsas found to be more common than in the
guantitative analysis.

e Chemistry teachers are more likely to approach inquiry with a foc@hemistry

Content KnowledgeSCSlwas also a frequent theme.

e Earth Science teachers are twice as likely to approach inquag akhan as

Earth Science Content Knowledge

e Physics teachers almost exclusively approached inquModegling

The qualitative analysis of participant interviews suggests that disaipli
differences exist between NBCSTs’ uses of inquiry. In addition, seveel toénds also
emerged during the qualitative analysis.

First, the analysis of participants who teach in more than one discipline indicates
that teachers can hold multiple conceptions of inquiry. Further, these conceptians ofte
follow disciplinary trends seen in the quantitative and qualitative analysisexemple,
in describing a biology inquiry lesson, Tom approaches inquiCG& In his physics
class, inquiry is centered on students investigating projectile motion and modeling

mathematical equations.
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It was found that biology teachers were more likely to conduct longer-term
inquiry projects than chemistry and physics. For the five teachers intervidweed w

taught biology, four of the inquiry lessons described were longer-term invesiga

Student age, previous coursework and ability also played a role in teachesf’ use
inquiry along disciplinary lines. Further, these contextual factors alsarhexpact

upon testing, curriculum, and teachers’ approach to inquiry.

External testing and curriculum was found to influence how teachers approached
inquiry. Comparisons of Advanced Placement, International Baccalaureate, and a
specialized science research course found these external factors to éfoenieachers
approached inquiry. In each case, the approach was related to the structure of the

curriculum and testing.

Previous scientific inquiry experiences were found to be influential in how
teachers approached inquiry. The differences did not appear to change tHe overal
disciplinary trends, but rather influenced secondary goals within the trend. Rgplexa

placing an emphasis on how scientists work or on organizing and managing information.

Finally, the communities in which teachers practice and interact were found t
shape their use of inquiry. Both the school environment and professional development

activities are thought to mediate how teachers think about and enact inquiry.
Summary

The activity of teaching with inquiry is surrounded by the context and
communities in which teachers participate. Both quantitative and qualitiaiiiegs

detected potential differences in teachers’ conceptions, enactment, antbgoajairy.
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These findings provide a descriptive accourtt@iv the differences exist across
disciplines from multiple data sources. This alone is of value to the research and
education community and has important implications. However, to undevstgiese
differences might exist requires a close look at the context and culture imtwaahers

work and use inquiry.
Context and Teaching with Inquiry

Having previously describdtbwteachers’ use of inquiry varies across the
disciplines they teach, | now lookwahythese trends might exist based on the context of
teaching. Context is defined here as the social and physical factoasetipgesent in the
teaching setting (Borko, 2004). These contextual factors can support or inéahy

teachers approach and enact inquiry.

In my discussion, | selectively focus on contexts emerging from my datenge
to disciplinary differences in teachers’ use of inquiry. Not discussed leecemmonly
cited constraints such as time and access to materials. While these do irntaehees’
use of inquiry, in this study they do not appear to be specific to individual disciplmes. |

general, | found these constraints to be evenly distributed across disciplines.

In addition to themes emerging in my data, | also draw from the research
literature, where appropriate, to expand upon why disciplinary differengesxist.
Three major contextual factors are explored. They are the structuredi$chmines,

students, and curriculum and testing.
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Structure of Disciplines

Differences between the organization and science content of a discipline may
result in differences in how teachers use inquiry. This was particeladgnt in this
study for teachers who taught biology and another subject. In this study, all fhesef t
teachers found it more difficult to conduct inquiry lessons in biology. This was the case

even though four of the five held undergraduate degrees in biology.

To illustrate how the structure of a discipline can result in disciplinary
differences, | focus on biology. Here | present two teachers, a biologiptgacher
and a biology/chemistry teacher. Both indicated in our interviews that they found/inquir

more challenging to do in biology.

An example of how the structure of a discipline can influence a teacher’s use of
inquiry can be seen in Tom'’s interview. Tom, who teaches biology and physics, finds it

more difficult to do inquiry in his biology classes. He states,
Tom: To go along with that I find it much easier to use in physics.
Wayne (Interviewer): Really?

Tom: | don’t know why that is, | suppose because there just so many more
activities that I'm used to use or able to use in physics. It seems like evéry day
can throw three or four different labs or activities in and | change those to make
them inquiry based. And for biology it seems like a lot of the labs turn to be more
difficult and [?] start out with a hundred and seventeen different step process to

get through them and it's more difficult to modify those.
Wayne (Interviewer): That’s kind of interesting ...
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Tom: There’s great examples from both, you can do all kinds of different things

with plants and animals. But | just find it a lot easier to use in physics.

For Tom, using inquiry with biology is more challenging and complicated than in
physics. The number of steps involved and general complexity of inquiry in biology
require more planning and the outcome is often more uncertain. My interpretatian is t
the structure of biology leads Tom to have students focus on designing and conducting a
controlled investigation. In doing so they are better able to manage the complexity of
experimentation in biology. In contrast, physics offers more opportunitiesdoiry and
requires less emphasis on controlling the many variables found in biological

investigations.

Allen, who teaches Advanced Placement Biology and general chemistry, also
believes the use of inquiry in biology is challenging. For his chemistry, craguiry is
an integral part of instruction and he has developed a detailed inquiry-cycle to guide his
teaching. Although the influence of the AP curriculum on his teaching must be taken int
account, his broader view is that inquiry in biology is more difficult than in chemistry

He states,

Biology is a tough one because so much of what you do in biology is not as much
as an experiment as a student lead demonstration. At least the way I've seen it
done and in my district. The only biology I've ever taught is the AP Biology. So |
didn’t do the general bio here. But usually what | see is not what | would
consider a lab experiment as | tend to see in my chemistry classes where kids
don’t know the outcome, in which they have to design it, and they know what is

going to happen and you go the back of the lab and you look at the different parts
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of the flower and it's more of a student led demonstration is what | tend to see

versus an actual inquiry activity.

According to Allen, there aren’t as many opportunities to do inquiry in biology.
As a result, much of the inquiry that is done is not what he considers to be inquiry. His
response, however, may be more of a statement about how much inquiry is done in
biology classes in his district. My interpretation is that he believes theutt§fin using
inquiry in biology is related to the way knowledge is structured in the discipline. For
Allen, topics are not as readily adaptable to experimentation in the biologyodas At
the same time, Allen does engage his AP Biology students in a long-term inquést proj
on fruit fly genetics indicating that he does find inquiry feasible and importanglkerou

do within the busy AP curriculum.

Both Tom and Allen believe inquiry in biology is more challenging. | speculate
this may lead biology teachers to structure inquiry with an emphasis on the debign a
implementation of scientific investigations. By this, | mean there is an emmms
students choosing a variable to investigate, designing an investigation thasfooubat
variable while controlling others, collecting and analyzing data, and negdneir

findings. In doing so they are able to manage the complexity of the inviestggat

A final observation about inquiry in biology is the duration of the inquiry
activities. For the five teachers interviewed who taught biology, four of theynqui
lessons they described were longer-term investigations. In other dissipli
investigations were often shorter, usually taking place over a few dayergret this to
indicate that biology teachers find more time necessary to conduct inquiry due to the

more complex systems being investigated and nature of biological systems.
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In the quantitative analysis of portfolios, it was found that the biology teachers
were more likely to allow students to ask their own questions and select their own
variables to investigate. A similar trend was also seen in participanti@wsr So,
while biology teachers may find it more difficult to plan and implement inquiry, alsy
are more likely to give students more choice in what is investigated. | belisvaay
be due to the more complex nature of investigations in biology that make it feasible to

offer more choices to students.
Age and previous science coursework.

The context presented by students’ age and previous science coursework appears
to influence teachers’ use of inquiry. Older students tend to have taken more codrses a
have more knowledge and experience with inquiry and science in general. Because
science courses often follow a set sequence, students tend to be grouped by age within
disciplines, although this is not always the case. The general pattern iglfmtstto
take biology and earth science in either ninth or tenth grade and then chemistry and

physics in eleventh and twelfth grade.

As a result of how courses are sequenced, teachers with students in ninth and
tenth grades may find it necessary to provide instruction on how to conduct scientific
investigations. Upon arriving in chemistry and physics classes, most studeadty alr
have established a basic understanding of how to conduct scientific investigailians
most factors in this study, the influence of previous science coursework o ffaat

complex and dynamic context in which teaching with inquiry takes place.
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Amy, a ninth grade biology teacher, believes that middle school sciensesclas
do little to prepare students for thinking about and doing scientific activities. résult,

it takes more time and effort to use inquiry with them. She states:

Sometimes it's very hard to get them to do that, because they don’t have enough

background to ask the right question.
Later she says:

... when they get to my class it's a real shocker for them. ‘No, you have to do that
science and think scientifically” and they are not at all used to that. So it takes a

long time.

Although her conception of inquiry involves students conducting scientific
investigations, her enactment of inquiry is centered on students learning bioldggtc
knowledge. It may be that the lack of previous inquiry experiences leads her toriocus
biology content knowledge through more traditionally structured lab experiences.
However, students’ previous science coursework does influence her conception and

enactment of inquiry.

Sarah, a ninth grade earth science teacher, offers a more complexe2x8imgpl
expects students to already have experience with conducting scienti§tigatiens.

She states:

However, | do think it is a very important part of science education that students
learn how to design and conduct a scientific experiment, but most of this process

is taught in earlier science courses, so that the goal when they reach my course is
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to be able to conduct such an experiment in my content area, using their content

area knowledge.

Her enactment, though, is largely focused on students conducting scientific
investigations with an emphasis on students understanding how practicing scientist
work. So while she expects the skills to be developed in previous middle school
coursework, her approach to inquiry is very structured with an emphasis on what she
terms in her interview adlfe scientific method.High stakes testing adds further
complexity and earth science content knowledge is also an important theme in her

description of inquiry.

Finally, Peter, who teaches general chemistry and International Baccalaureate
Chemistry, finds that students’ previous science classes shape his use of iRiguiry
believes that students in his general chemistry class are not preparedtfqret of
inquiry used in IB classes. This contributes to his infrequent use of inquiry with his
General Chemistry students. While it does not demonstrate a disciplinargraiéeit
does again highlight how previous science coursework can be influential, in this case on

the amount of inquiry conducted.
Academic ability.

Related to age and previous science experieacagemic ability is also an
important contextual factor. Students of lower academic abilities often taler kong
acquire the necessary skills for conducting scientific investigations. Tileisethat
teachers must focus on these basics. This can be seen by comparing how Carl approache

inquiry in with his IB students and Active Physics students.
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For his IB students, his goals for the inquiry lesson discussed were largely
centered on developing mathematical models for circular motion and engég)ing
students in discourse similar to practicing scientists. With his Activeiéthstudents, a

lower ability class, he finds it necessary to focus on the basics.

Um, we’'re still sort of struggling with experimental design. This is a tougher
population of students. Getting them to carry out an experiment to completion
and discuss the results. | feel like I'm still, we’ve been trying it all yearthd s

not successful with this group of kids.

The ability to design and conduct scientific investigations can be thought of as a
prerequisite to modeling and scientific discourse. In this sense, studenfgshbst
able to design and conduct experiments before they can construct matHenmadia.
His Active Physics students are still struggling ¢arty out an experimehalthough |
believe that once these skills were obtained he would then be able to engage students i
other aspects of inquiry. It is important to note that his IB students are seniesishi
Active Physics students are mostly sophomores who did not pass algebra. Thus, along

with ability, age may also play a role.

Peter teaches IB chemistry and general chemistry, a preredarsiB

Chemistry.

And honestly I like it so much when | do stuff like that with Chem One, and | have
done it, like if I have Chem One classes that are sophisticated enough, and that
are academically, | guess homogenously sophisticated enough, then | have done it
with Chem One classes before and | use the exact same rubric because it makes

complete sense.
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According to Peter, when his students have the ability, he approaches inquiry in
the same manner as he does for his IB students. However, this is only the casetg stude
have reached a certain academic ability level. Since his use of inquiry insiityebme
is limited, it is not possible to determine what how he would approach inquiry for lower
ability students. However, his case provides further support for the asseati@ability

level can influence how inquiry is used.

While both Carl and Peter teach within only one discipline, academic ability
influences how they teach with inquiry. Carl focuses on teaching lower ahilitgrds
how to conduct scientific investigations, a skill they struggle with. Peteruselythe IB
approach for inquiry in general chemistry classes when the students argloeadigh
academic ability. Both cases suggest that with students of lower acadwlity the
tendency is to focus more on how to conduct scientific investigations or to limit the

amount of inquiry done.

Due to the graduation requirements and course sequencing, students’ academic
abilities can influence how inquiry is approached across the disciplinesis Tist
visible in biology, which is often a required course for all students. As a result, there a
often greater numbers of lower academic ability students. This may be oneazsbes
biology teachers tend to approach inquiry with a focus on students conducting scientific

investigations.
Nature of student.

A third factor that may influence teachers’ use of inquiry is which studamn e
in biology, chemistry, earth science, and physics courses. Here again, ageignarabil

also influential. Students are usually not required to take courses in all foptidesci

316



Most often they must complete one or two classes and pass an external exam in one
course, usually biology. Earth science is often the course students take when a second
science credit is required. As a result, chemistry and physics cleasde® be made of

students that are not representative of the student body.

Because of the self-selective nature resulting from graduation reqotsearel
course sequencing, chemistry and physics courses often consist of meatedand
academically prepared students. There are numerous exceptions, such gsitise Ph
First movement, but overall this appears to be the trend. Therefore, depending on the
discipline, teachers are likely to have classes with different acadeah affective

characteristics.

Although there is little or no discussion in participant interviews, | speculdte tha
in general, students taking chemistry and physics are more experigtite@signing
and conducting scientific investigations. As a result, for many chemistry gatph
teachers, it is possible to place less of an emphasis on the actual design and pfanni
scientific investigations and more on other aspects of inquiry such as modeling and

scientific content knowledge.
Testing and Curriculum

Both testing and curriculum influence teachers’ conception, enactment, and goals
of inquiry. By testing, | am referring to external tests with conseqsdocstudents,
teachers, and schools. Consequences for students may include being able to graduate
from high school or being placed in remedial courses. For teachers and schools,
professional and legislative consequences exist. Curriculum is intendedridessns

and activities developed by someone other than the teacher. | presentesxaompl
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participant interviews to illustrate how the presence or absence of thieseaéx

influences shape the way teachers use inquiry.

Advanced Placement and International Baccalaureate courses providergtee
of how an external curriculum, coupled with a high stakes exam, can produce two
different approaches to inquiry. For Peter, the IB curriculum and exam place a
considerable emphasis on students planning and conducting investigations. Not only is

inquiry emphasized, time is made in available in the 1B curriculum. Petes,sta

So with IB the framework is there, the timeframe is there to do inquiry learning

the way that | think it really needs to be done.
Inquiry labs are also required by the IB curriculum.

That's, when | do inquiry in chemistry it's often in the form of something like that.
| try to keep it, it's required for IB so it's convenient, you know, it's not like | have

any way around it.

As a result, for Peter, inquiry is done frequently and is aligned with the theme of
Students Conducting Scientific Investigatiatisough the them€hemistry Content
Knowledgeas also present. A similar situation is found with Carl in his IB Physics

course.

What is important about these two cases is that they inform us how testing and
curriculum can influence how a teacher approaches inquiry. The two cases gresente
here do not illustrate disciplinary differences themselves, but they do suggest
implications for how testing and curriculum can influence the use of inquiry in a

discipline such as biology, which is frequently the subject of high stakes exdramas.
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In contrast, Anita teaches AP Chemistry where the curriculum and exteamal e

leads to students engaging in inquiry less often. She states:

AP is probably a little harder to do because of all the requirements and required
labs. But | do try to do open activities to engage them and get them interested in

the chapter topic that we are going to be covering.

Further, on occasions where students do inquiry the focus is more on building
scientific content knowledge. For Amy, the external curriculum and exam lsineng
influence on the frequency and intent with which she uses inquiry. Unlike Peter and
Carl, who both emphasized a very structured approach to students conducting inquiry,

Anita used a more open structure with a focus on chemistry content knowledge.

Allen, an AP Biology teacher, echoed a similar sentiment on the influence of the

curriculum and testing. He states:

But teaching AP Biology | do not have the flexibility in the general biology class.
You know, my year is planned out every day from the exam date back. We have a

snow day, it doesn’t matter, we skip that material and we gotta keep going.

However he does have his students take part in a long-term investigation into fruit
fly genetics with the goal of students conducting a long term scientifistigagion. So
while the structure of AP courses is influential, it does not exclude the use oy inquir

consistent with the trends seen across disciplines.

A final example of the influence of external curriculum can be seen by cmgpar
Anita’s approach to inquiry in her AP Chemistry and Science Research colrskse

Science Research course students follow the International Sciencel&ato design
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and conduct an investigation of their choosing. Here, the rules lead students to engage in
inquiry with a strong focus on students conducting scientific investigations. InPher A
Chemistry the focus is on content knowledge as is the case with her Honorst@hemi
classes. The contrast highlights the role an external curriculum can play ateasher

approaches inquiry.

After establishing the powerful influence external curriculum and exaws on
teachers’ use of inquiry, | now turn to exploring how testing and curriculuntsesul
disciplinary differences in how teachers use inquiry. Scott teaches a biologpe for
mostly tenth and eleventh graders. He describes the influence of thexatateam his

teaching with inquiry.

The main goal for these students is to pass the NY state regents exam in biology
(known as the Living Environment). There is a significant portion of the
curriculum devoted to experimental design. We do lots of practice with designing
hypothetical experiments, and usually one or two very simple student designed
experiments. Often there is a plant growth experiment where the students choose

a simple variable for two groups of plants (water volume, fertilizer, salt).

Because of the emphasis placed on designing experiments in the curriculum and
exam, Scott has little choice but to teach inquiry as students conducting scientific
investigations. This suggests that a similar external pressure exis@rpibimlogy
teachers and may offer some explanation as to why the majority of biologyreache
approach inquiry with the purpose of teaching students how to conduct scientific

investigations.
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Summary

Viewing these three contextual factors, disciplinary structure, studedt$esting
and curriculum, through the theoretical lens of situated cognition, a complex and dynami
system emerges. Each teachers’ context, based on their background andththegtti
teach, will be different. The situative perspective provides a framework teviledhis

complexity and make sure that all possible contextual influences are exploheddata.

In this section, the goal was to discuss findings about the context of teaching with
inquiry in biology, chemistry, earth science, and physics. A broader, perkabrkct

influence is the communities in which teachers currently participate.

Discourse Communities

Contextual factors play an important role in explaining why disciplinary
differences exist between biology, chemistry, earth science, and phisiegver,
teachers’ ideas about inquiry develop from their experiences as students, through
previous scientific research experiences, as pre-service teacherghtprofessional
development, and through interactions in their school and the NB community.
Interactions in each of these settings shape how teachers think about andlylénzaie

inquiry in their classrooms.

In their seminal paper on situated cognition, Brown, Collins, and Duguid (1989)
link activities, culture, and discourse communities to describe how meaning is

constructed and negotiated. They state:

The activities of a domain are framed by its culture. Their meaning and purpose

are socially constructed through negotiations among present and past members.
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For NBCSTs, social construction and negotiation take place within discourse
communities. | posit that these have a less direct influence on teachersincpargf
and may act primarily by influencing the context of teaching. As a resul, ihkess
direct interview data to draw from for this discussion. In a sense, this mgkesrinas
a researcher more interpretive and reliant on the research litenadutigeary. At the
same time, discourse communities are a useful construct within my thaldireticework
and offer considerable explanatory power for describing participants’ conceptions

enactment, and goals of inquiry.

In my discussion, | chose to focus upon the discourse communities that | believe
to be influential in explaining why disciplinary differences exist. In aallitl also draw
from the research literature to expand upon why disciplinary differences &kiee
major discourse communities are explored in this section: past and present discours

communities, the science education community, and the school community.

Past Discourse Communities: K-16 Education, Pre-Service Experiences, anouBrevi

Scientific Research

Prior to becoming practicing teachers, participants were part of sexferantial
discourse communities. These are thought to have a discipline-based influence on
teaching with inquiry. The communities discussed in this section are parntigipat
science education communities as students, previous scientific researchrobesmand

pre-service education communities.
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Participation in science education discourse communities as students.

A driving force behind the evolution of the situative perspective was the
inauthentic nature of many tasks students engage in at school (Brown, Collingu& Du
1989). Ironically, the classroom is a very well situated environment to learn about
teaching as it is practiced in schools today. Teachers often find it ditbcgach
science and math differently than they were taught as students (LoucieyHadral.,
2003). In this study about teaching, schools can be viewed of as an apprenticeship where
students learn how to participate in the discourse communities of teaching amtlearni
While this may be more peripheral and limited than a teacher education pragek®si
place over a much longer time span. Therefore, | speculate that it influencdsljow t
eventually teach science. Further, | posit that any disciplinary diffeseare also

influential in how NBCSTSs think about and teach science.

The primary question | have is whether classroom experiences, K-16, are an
importantinfluence. In other words, are they a major factor in shaping how teachers
view their discipline and teach with inquiry? Or are inquiry experiencesmatglk in
K-16 education to make a difference? Further, does studying within a discipline, even
with more traditional lecture and labs, influence how a teacher ultimatelydas with
inquiry? These questions are not easily answered within the scope of this studyeand d
set. However, the research literature provides support that past learningreogsedo
influence how teachers teach which suggests this would also be the case fogtesbhi

inquiry.

During interviews, participants were not directly asked about how their K-16 or

undergraduate degree influenced how they think about and enact inquiry. Due to the
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emergent nature of the findings in this study, at the time it was not apgeaaetitis
information was important. It is also not clear that such questioning would yiéld use
results without considerable discussion, which is limited by the scope of this study
However, to begin to understand how past teaching experiences might influeneesteach
use of inquiry | compared participants’ major undergraduate degree withrthetmeent

and goals for inquiry.

Of the twelve interview participants, eight held bachelor’'s degrees in biology.
These eight were made up of two biology teachers, two chemistry teachgpbysios
teacher, and three who taught biology and an additional subject. Cross-referanhing e
teacher’s degree with his or her approach to inquiry did not present any trends in how

they approached inquiry.

| believe that school experiences are influential; however, they asglredeng
with all the other contextual factors and discourse communities within wigchees
practice. It is therefore difficult to ascertain their influence. Hmwewithin the

situative perspective, they represent an important discourse community tdeconsi

Previous scientific research experiences.

Previous experiences with scientific inquiry have been found to influence how
pre-service teachers eventually use inquiry in the classroom (Bencaevé&nB2001,
Friedrichsen & Dana, 2005; van Zee, Lay, & Roberts, 2000). In a multi-case study of
pre-service teachers, Windschitl (2003, 2004) found that previous research experience
was the most important factor in pre-service teachers’ eventual use of imginey
classroom. For NBCSTs, previous participation in research communities alscsappea

influence their use of use of inquiry, depending on the type of experience.
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Scientific research takes place within communities of practice. &tgerdrely
work in isolation and the enterprise is considered to be social in nature. Viewed from a
situative perspective, teachers’ participation in these communities, hopesygheral,
constitutes learning about the practice of scientific research. Theedmu type of
participation in turn influences their use of inquiry in the classroom. Five of theetwel
participants in this study had previous scientific research or laboratoeyiexces.
These cases illustrate how previous scientific inquiry experiencasmagd their

classroom use of inquiry.

Sarah, an earth science teacher, is an example of how previous sciemi#ichies
experience can influence a teacher’s use of inquiry. Throughout our conversatiahs, Sar
frequently returns to the importance of students taking part in activities treairaligg to
the work of practicing scientists. This can be seen in her conception, enactment, and

goals for inquiry. For example,

| know how they really do earth science out there so | want to make it as realistic
as possible for them, what you would really have to do, what it is really is out

there. This is how you can apply it to the real world.

Based on interview and follow-up communications, Sarah’s experiences as a
practicing earth scientist had a strong influence on how she thought about and enacted
inquiry. Further, these experiences also influenced how she approaches inquiry with he
students. In discussing how her students present their results, | asked tewvagy

important for them to share their results with peers. She responded:
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In a classroom, the students share their results so that everyone can learn from
the results and can discuss them and critique them as well, which mirror the

process of science in the real world.

For Sarah, previous research experience provided her with a model for how
research is conducted in the field of earth science. In turn, she approaghgsin a
similarmanner with her students. As a result, a major theme in her conception,
enactment, and goals is that inquiry should involve students conducting investigations

that approximate authentic scientific practice.

In contrast, Peter described his lab experiences as having minimehicglon
how he teaches with inquiry. He describes his work as primarily repetitiygesam

analysis with little emphasis on playing an active role in the design gisemal

| didn’t feel terribly challenged. Once I learned how to use the FTIR and not

break it. Then I found myself doing the same thing every day....

In the case of Scott, he described a similar experience conducting routine
chemical sample analysis. He also did not believe that the experience Had muc
influence on his teaching with inquiry. It appears that working in a laboratoirygsatid
conducting routine sample analysis is not sufficient to affect actualctan use of

inquiry.

Cathy and Jane offer a final example of how previous scientific experiemce ca
have an impact on teachers’ use of inquiry. Cathy, who primarily teaches eliemist
worked in a hospital laboratory conducting analyses before changing cdrebes

discussion of inquiry, she emphasized critical thinking and managing informatikds, ski
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that appear to be important in her work in the hospital laboratory. She does not place an
emphasis on conducting scientific investigations in her use of inquiry, somethingathat w

not part of her previous laboratory experience.

Jane, who recently began teaching biology after teaching physics forlsevera
years, provides another example. Prior to becoming a teacher, she workedeld tbie fi
cancer research. Further, she worked at a university two summers witreattiars,

conducting research under the guidance of scientists.

In her interview, she described inquiry in a very structured manner with students
asking a question, formulating a hypothesis, and so on. Her enactment with biology was
much more constrained, with a focus on content knowledge and little scientific
investigation. This may be due to her recent shift to teaching biology. Hemenaci
a physics inquiry lesson involved a real world scenario with a focus on modeling and

physics content knowledge

The main purpose of this section is to explore how NBCSTs’ participation in a
scientific research discourse community influenced their use of inquiry wigmahasis
on how this could result in differences across disciplines. There are two cognpet

hypotheses that may offer explanations.

First, it may be that teachers who have previous scientific researafieexpan
the discipline they teach are more likely to adopt an approach to inquiry simiairto t
research experiences. Sarah may be an example of this as well as\Zigithjane, it is
more difficult to determine, with her multiple experiences and recent shiti¢bite

biology.
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An alternate explanation is that teachers who engage in scienti@ccksaill
tend to teach in a way that corresponds to conducting scientific investigation. Again,
Sarah provides an example wh&tedents Conducting Scientific Investigatiena
major theme. In the case of Cathy, her work experience led her to approachtmquir
include an emphasis on critical thinking and managing information. Jane’s conception of
biology also follows the theme of students conducting scientific investigationgver,
this does not show up in her enactment. With her, physics lesson modeling and science

content knowledge are the central themes.

Within the context of this study it is not possible to determine which, if either,
explanation is a more accurate account of what is taking place. However, what is
apparent is type of research experience does influence teachers’ concepicimsert,
and goals for inquiry. Any influence across disciplinary lines will requirinér
research and, in the end, may not be a question with much practical importance. What is
important is that teachers’ participation in scientific research discoammunities can

influence their use of inquiry.

Given that almost half of the participants in this study had previous scientific
research experiences, such experience may be common among NBCSTs. Fadtock res
with this group may provide insights into how previous scientific experience inflsience
practicing teachers’ use of inquiry and teaching in general. Spdgifited question of
how the type of research experience relates to how teachers teach withigqtiry

special interest.
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Preservice and induction experiences.

Participants in this study became teachers through a variety ofpeittg. These
include traditional preservice programs and alternative programs suelaets for
America and master’s programs for career changers. However, bectusenitiple
contexts and interrelationships, no disciplinary trends emerged in the data.r,Furthe
may be that since most secondary science education programs do not separdtennstruc
by disciplines, there is no opportunity for differences to develop. It is possible that a
larger data set with a specific focus on the role of preservice and inductiorergps
would find some differences, although other contextual factors to appear to be more

influential.
Present Discourse Communities

Teachers participate and interact in several discourse communities. The
communities discussed in this section are the science education communithipthie sc
community, and the National Board community. In addition, they also participate in

communities of practice during professional development experiences.
The science education community: past and present.

The larger science education community also influences teachers’ingeioy.
Curriculum, textbooks, standards, and other documents are generated throughodiscussi
and negotiation, often working towards a consensus view of what should be taught and
the best way to do so. These in turn influence how teachers structure their te&ching
this section, both the historical and present discourse communities on sciehoggtaa

it relates to inquiry are discussed. First, the discipline of biology is pegsagtone
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example of the development of inquiry in a science education discipline. Second, the

influence of current science education reform documents on teaching aceoeths

In contrast to chemistry and physics, biology did not become an established high
school subject until the 1920’s. Even until the 1950’s uncertainty existed about the
content and methods that should make up high school biology courses (Deboer, 1991).
For many years the discipline of biology fought to be considered a “hard sci¢oug” a
with chemistry and physics (Goodson, 1993). With an emphasis on the collection and
classification of living organisms, biology was considered to be less ugdtinan the
experimental, quantitative approach of chemistry and physics. A major fdncel itlee
push to become a “hard science” was to attain the prestige and resources held by

chemistry and physics courses. As Goodson (p. 53) notes:

“Status through a vision of biology as a ‘hard science’ was increasingly pursued
in the 1960s through an emphasis on laboratory investigations and mathematical

techniques.”

It was not until mid-1960 that biology was accepted as a hard science, largely due
to developments in the field of molecular biology. While Goodson’s work took place
within the British school system, it is assumed to be applicable to biology in treUnit
States. The fight to be seen as a legitimate scientific “hard” diseighaped the biology
curriculum, shifting it from a descriptive field towards one in which experiatiemt was

a dominant theme.

Findings in the current study suggest this historical influence is stitbfdzy.
Biology teachers were more likely to think of and enact inquiry with a focusidargs

conducting scientific investigations. In the quantitative analysis, 83%rfe#r this
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theme, with similar, although less pronounced, trends in participant interviews. In
addition, biology teachers were significantly more likely to include a hypotimettisir

descriptions of inquiry, further suggesting a theme of experimentation. Oneatiqia
is that the historical emphasis on scientific investigations, in the form ofieygrgation,

has shaped how inquiry is used in biology.

Finally, curriculum and testing may be one way this historical influence is
perpetuated. Teachers like Scott have commented on the need to prepare for tests on the

design of investigations.

There is a significant portion of the curriculum devoted to experimental design.
We do lots of practice with designing hypothetical experiments, and usually one

or two very simple student designed experiments.

Given that biology is often the secondary science discipline in which high stakes
exams are administered, it is likely that curriculum and testing encoarsigelar
emphasis.

Regarding the influence of the current science education community, science
education reform efforts have also influenced how teachers think about and enact inquiry
One common perception held by participants in this study was that inquiry is supposed to
be of an “open” nature. Five out of the twelve participants expressed discontifott i

idea, some strongly. For example:

“I think that there’s a lot of inquiry going on out there that is not structured

correctly. It's just too much of a free for all{Diane)
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“It was definitely more guided and not so much inquiry, and | probably would

have done better in my score if it had been more inquiryJarie)

In each case, there is a concern about inquiry taking place without structure or

goals. For Diane, much of the inquiry taking place is unstructured to the extent of being

a “free for all” Describing her approach to inquiry, Jane states that what she is doing
does not really qualify for real inquiry because of the structured nature. r-ehbe

perceives that inquiry must be less structured to qualify as inquiry. Boeland Jane,
along with other participants, there is a perception that inquiry is intended &sbe le

structured and more open in nature.

The goal of this section was to demonstrate how the history of the science
education community influences how biology is taught today. While not the only
influence, it appears to be of importance, especially in relation to biology istruc
Not discussed are historical influences on chemistry, earth science, arcspalysough

it is hypothesized that influences do exist.

The School as a Discourse Community

The activity of classroom teaching takes place within the culture of schools

(Brown, Collins, & Duguid, 1989). Teachers’ interactions in this culture shape how they

think about and enact their teaching. In this study, evidence emerged that schoml cultur

may have been influential in several participants’ conception and enactniequioy.
Although a strong link between disciplinary differences in teachers’ use ofyrandr
the school as a discourse community was not established in this study, sutatéent

exists to speculate possible influences.
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In an example of the potential influence of the school culture on teaching with
inquiry, McGinnis, Parker, and Graeber (2004) investigated the influence of school
culture on teachers’ use of reform-based teaching in a study of five pcessri@nce
teachers. Their findings suggest that teachers who are prepared to enacbiasgnr
instruction are both aware of and potentially constrained by their perceptionslof loca
cultural norms, including how the participants in the local culture viewed how science
should be portrayed and taught. Likewise, school culture and the discourse communities

in which NBCSTs participate are thought to influence how they teach with inquiry.

For Sarah, her department provided support and encouragement for the use of
inquiry. In discussing why she believed the NB certification process did najehean

conception and enactment of inquiry, she states:

“They haven’'t changed that much because we, specifically in my department

we’ve always be very inquiry focused....”

In this case, the department functioned as an active discourse community in which
inquiry was an established practice. Therefore, Sarah’s conception and enaftme

inquiry were stable and did not change as a result of the NB certificatiorsproce

In a similar situation, Donna works in a school where inquiry is a well-estadlishe
part of the curriculum with all students having to do one inquiry lesson each year. The
inquiry lesson described by Donna in our interview was developed in collaboration with
another teacher at her school while they were working on their master’'s.débese
lesson is used by all ninth grade earth science teachers. Both the support fofriouiry
her science department and the collaborative nature of how inquiry lessons were

developed indicate that Donna was part of an active discourse community.
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Finally, for Cathy, the school culture actually made it more difficult ésrth

teach with inquiry in her Astronomy course. She states her use of inquiry is:

“only limited by my access to technology at my school (very limiting!) and my
administration’s ability to view astronomy as science (rather than a hobby, or

worse, an extension to studying horoscopes).”

She later states how she used National Science Education Standards to justify her
use of technology and inquiry to administrators. Her case highlights anothdagossi
influence of school culture on how disciplines are afforded varying levels ofga@sia
school. While this does not show up explicitly in other participant interviews in this
study, it does suggest that different disciplines and courses hold differestdével
legitimacy within some school cultures. This may result in limited acoessources
such as technology and materials. It may also mean that teachers @bilmsss must

spend more time justifying their use of inquiry.

School culture and the role of discourse communities were not specifically
addressed in the participant interview protocol. However, in the three casdqules
here, and in the literature (McGinnis, Parker, & Graeber, 2004), it emerges astzapot
influence on inquiry. In two of the cases, the school culture and community had a
positive influence on teachers’ use of inquiry. In the case of Cathy, it was shbawet

a negative influence.

Establishing a link to disciplinary differences is more challenging Wwélptesent
data set. Further, no guidance was found within the research literature. It can be
speculated that for collaborative school cultures with active discourse cotientimere

is a normalizing effect. Here, as was the case for Sarah and Donnadtreet and
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goals may shift towards the consensus of the group. Further, it is anticipatedsthat thi

would likely follow disciplinary trends seen in this study.

Finally, there may be instances where the school culture affordatargre
legitimacy to certain disciplines at the expense of others. In these teasders’ use of
inquiry may be constrained or require justification, as was the case with. Gaére,
there may be more reliance on standards documents to demonstrate thecggititha

use of inquiry.

The NB Discourse Community and NBCST Change

One final discourse community specific to this study is the broader community
surrounding National Board certification. Based on the findings in this studyeeeat r
research (Lustick & Sykes, 2006; Park & Oliver, 2008), the NB certification gsdoe
AYA Sciencappears to result in changes in the conceptions and enactment of inquiry for
many candidates. Part of that change can be attributed to candidateggtéoti in the

NB discourse community.

Each candidate seeking certification interacts with a variety of merobts
NBCST and NB community. NB candidates, NBCSTs acting as mentors, informal and
formal support groups, NB staff and assessors, colleagues, and others all carofday
in how candidates experience the certification process. While some casdidgte
approach certification in relative isolation, they still play an activeinolee process and
must interact with many elements of the NB community. Coupled with the support
documents from the NB, this discourse community provides opportunities for learning

and reflection on teaching with inquiry.
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For teachers who are successful and become NBCSTSs, their role in the
community often shifts to that of mentor or a helpful resource for other candidates. F
those who do not achieve certification, the process can begin again as they retake
portions of the certification process in a second, and possibly third, attempt to achieve

certification. Alternatively, they may disengage from the process.

While many teachers do change their conception and enactment of inquiry, not all
do. For many, the process is one of documenting their accomplished teaching. In this
study, four of the twelve interview participants experienced considerabiigehad four
saw minor changes in their conceptions and enactment of inquiry. For the remaining

four, no change was reported.

It is difficult to establish a strong link between the NB process and disciplina
trends. However, some tentative explanations can be explored. One explanation is that
for some teachers, the NB certification process may have a normafidaogan
teachers’ conception and use of inquiry. Since instructions for portfolio construetion a
standard across disciplines this could lead to some teachers adopting the NBwvision f

inquiry.

It is thought that teachers who experienced considerable change in their
conception or enactment of inquiry (i.e., Donna, Jane, Scott, and Tom) would be more
likely to be influenced by the certification process. Scott provides an exdmple t
supports this hypothesis. For him, the structure of the NB documents shaped his thinking

about inquiry. He states:
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Thinking through the steps the way that they have the three video segments, where
there was the planning stage, the data collection stage, and then the analysis

stage, and then to make sure that all three of those things actually work.

However, Tom, who teaches both biology and physics, offers disconfirming
evidence to this idea. While he stated that the certification process led to cvisider
changes in his conception and enactment of inquiry, he held two differing conceptions for
biology and physics. In the case of physics his conception, enactment, and geadd diff
from the more experimental focus of the NB resource materials. It maptather
contextual and cultural factors are more influential in his thinking and enactment of

inquiry.

From a social perspective, learning can be seen as enculturation into thegractice
and thinking of a community (Driver, Asoko, Leach, Mortimer, & Scott, 1994). From
this perspective the NB certification process was a learning expeff@nmany of the
participants in this study. As found by Lustick and Sykes (2006) in his study 8B
Sciencecandidates, the portfolio process lead many teachelsam®.. to align their
practice more closely with National Board’s conception of scientific inquiry and
teaching” He hypothesized that this may have been due to the framework for inquiry
provided by NB documents and would have more influence on teachers inexperienced

with inquiry. | agree with this assertion and found similar trends.

Four of the twelve participants experienced no change as a result of the
certification process. Teachers who experienced no change are unlikeinflodreced
by the NB vision of inquiry in any appreciable way. There would, therefore, be no

impact on how inquiry is used across disciplines for these individuals. Insufficiant dat

337



exist for teachers who experienced only minor changes but it may be thieateotif

process resulted in small movement towards the NB vision.

Finally, similar to Karaman’s (2007) study of NBCSTs, for some participants in
this study the certification process confirmed their use of inquiry. Formea®arah

said:

“It was nice to see that it was so supported in the National Board and that sort of
helped to keep me motivated that, yes, this is how we’re supposed to be doing

science.”

Amy stated a similar experience and felt that certification providedbiang
evidence of her teaching abilities and formal recognition that she was@ng@ished
teacher. For both teachers, the NB certification process may have serreddthen

their views of inquiry.

Having worked with over sixty NBCSTs in this study, and successfully going
through the certification process myself, and mentoring new candidatéisyebeis a
valuable professional development opportunity. It is, however, a different expenence f
each participant and depends upon the context of their teaching situation and the

discourse communities in which they participate.

Professional development.

Apart from the National Board certification process, teachers mayakisgéart
in professional development on teaching with inquiry. Considerable research has been
done on professional development and inquiry, although none was found that discussed

disciplinary differences. Because teachers’ conceptions, enactment, &thgoejuiry
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exist in a dynamic setting that is confounded by the varied contexts, the findihgs to t
influence of professional development are constrained. In addition, having a saeple s
of twelve participants also limits discussion on the role of professional developasent
on the use of inquiry across the disciplines. Therefore professional developmeot was

included in this discussion.
Summary

In this chapter, findings were presented to describe disciplinaryatffes in
how teachers use inquiry. The situative framework was used to provide a stroicture f
exploring the context and discourse communities that offer possible explanations about
why these differences existed. However, no two teaching contexts ary exasame
and it is methodologically difficult to look at any one influence in isolation. Their
complex and interrelated nature must be viewed as a dynamic system in wieientif
contextual and discourse communities shape teachers’ conceptions, enactngod/sand
for inquiry. However, even within this complexity, trends emerged that were réporte

which suggest differences across disciplines in how teachers approach inquiry.
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Chapter Seven: Implications and Future Research

With the emphasis placed on inquiry in the science education reform community,
this study adds potentially valuable insights to our knowledge about teaching witly inquir
in secondary science education. It presents new information about how coritext var
across disciplines and how this can result in differences in how inquiry is used irypiolog
chemistry, earth science, and physics. In this chapter a comparison otipkneis of
biology and physics is presented to illustrate how differences emétge specific
disciplines. Practical implications and implications for researchergistushquiry are

then proposed. Finally, directions for future research are suggested.
Theory of Disciplinary Differences in Secondary Science

Like much research into teaching and learning, inquiry and disciplinary
differences are surrounded by a complex set of influences and interrelgtson$bi
make sense of this complexity | conclude with a discussion of a possible traoretic
model based on the framework of situate cognition. As a means to make the discussion

more accessible and manageable, two disciplines are considered, biology acsl phys

The decision to compare biology and physics was made based on a desire to
emphasize the development of theory rather than the disciplines themselves. &mlogy
physics represent disciplines with the most explanatory power based ondindthgs
study. By selecting biology and physics, the intent is not to minimize the impodéanc
chemistry and earth science. Both were crucial in understanding the ceffuem
teachers’ use of inquiry. Rather, the rationale was to show how teachergtamsge

enactment, and goals for inquiry can vary between two disciplines and to sebleposs
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origins for those differences. In doing so it is possible to provide a more concise and

focused description of why these differences exist.

The situative perspective forms the theoretical basis for this discussion. As
described earlier, the structure of the discipline, student characgsttttesting and
curriculum make up the contextual factors found in this study and in the literatised Ba
on the findings in this study tlemntextin which inquiry teaching takes place is seen to
be the more immediate and visible influence on how inquiry is taught. In this sense
teachers are more aware of how context influences their teaching tharetioé yree
discourse communities in which they participate and more data about the contexts

influencing inquiry emerged in participant interviews.

In addition to the role of context, biology and physics teachers have been and are
members of varioudiscourse communitiesThe science education community is one
example that contributes to disciplinary differences in the use of inquiry. Bestidie
communities also include NBCSTs’ experiences with inquiry as students, previous
scientific experiences, and pre-service induction experiences. Current cdrasnuni
include the school and NB community. Each contributes, although to varying degrees, to

disciplinary differences.

A possible way to view context and discourse communities is in how they support
inquiry. It appears that contextual factors are more likely to place cotstoa the
enactment and goals of inquiry. As a result, context plays a prominent roleharga
use of inquiry. For example, testing and curriculum have a major influence on

International Baccalaureate, Advance Placement, and many biologyscoliesschers in
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these courses tend to approach inquiry in different ways due to the context of testing a

curriculum.

Discourse communities tend to have a less pronounced influence than the
contextual factors like student characteristics or testing and curricilumany cases
these communities, such participation in scientific research, added a depth to thei
conceptions, enactment, and goals for inquiry. For example, emphasizing students’ us
of inquiry to approximate the work of scientists in the real world. In many dasas
found that conceptions were influenced more by discourse communities while context

had a greater influence on enactment and goals for inquiry.

In order to show how both the context and discourse communities can lead to
disciplinary differences in teachers’ conceptions, enactment, and use of jitquiry
biology and physics are presented. Note that only influences that appear tacanflue
disciplinary differences in how biology and physics teachers approach inqaiiry ar

included in this discussion.
Biology.

Findings from both the statistical analysis and participant interviews sadges
that high school biology teachers tend to approach inquiry with an emphasis on the theme
of Students Conducting Scientific InvestigatioRggure 5 illustrates how influences

leading to this theme are organized and interact.

In Figure 5 contextual factors are shown with arrows pointifigeching with
Inquiry, located in the center of the figure. This is to indicate the more pronounced and

direct influence they have on biology teachers’ use of inquiry. Further awdyeare t
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discourse communities in which teachers participate or have participateglhaveea

less direct influence on teachers’ use of inquiry, and are often mediated through

contextual factors.

Science Education
Discourse Community

Testing and
Curriculum

Structure
of Discipline

Current DC

- School Culture

- National Board
Community

Teaching
with Inquiry

Past DC

Student -PRE
Characteristics . As K-16 Students
- Preservice

Figure 5. Organization and interaction of influences leading to the theme ohStude
Conducting Scientific Investigations

Contextual factors found in this study tended to constrain how teachers

approached inquiry. Each factor is described briefly below.

e Structure of the Discipline of Biology — in this study three teacherglstate
that inquiry was more difficult in biology than in chemistry and physics.
Considering that there were only four teachers who taught biology and

another subject, this is noteworthy. In addition, biology teachers tended to
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conducting inquiry activities of a longer duration than other subjects,

which may be based in the nature of topics that are investigated.

Student Characteristics — biology tends to be a required course in most
situations. As a result all students take biology leading to a wide variety
of ability levels and interest in science. Further, biology tends to be taught
in ninth or tenth grade with students having fewer experiences with

science and inquiry.

Testing and Curriculum — for biology, testing and curriculum have a large
influence since biology tends to be the discipline most commonly selected

for high stakes testing.

Discourse communities are seen to be less constraining and more likely to enable

teachers to approach inquiry. School culture could constrain the use of inquiry but was

largely seen as enabling in this study.

Science Education Community — historically biology was involved in a
struggle to be considered a “hard science” like chemistry and physics until
the mid-1960s. During this time an emphasis was placed on
experimentation and quantitative aspects of biology in an effort to gain the

status held by the chemistry and biology.

The current science education community is often perceived as
encouraging a more “open” form of inquiry. This tends to align with

biology teachers conceptions of inquiry who are more likely to allow
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student choice of research questions and variables and engage in longer

term inquiry experiences.

e Past and Present Discourse Communities — in both biology and physics the
discourse communities in which teachers participated, or have
participated, tend to have a less visible influence on the broader categories
used in this study. Overall, discourse communities tended to support
teachers’ use of inquiry along the lines of disciplinary trends within the
context of their teaching situation. The exception was the NB discourse
community which tended to promote an approach to inquiry similar to the
theme ofStudents Conducting Scientific InvestigatioBecause of past
and present discourse communities were not as prominent in the data for

this study, they are not reported here.

Together, these factors lead to a trend of biology being taught with an ésnphas
on experimentation and placed under the then&twdents Conducting Scientific
Investigations This involves an emphasis on designing and conducting investigations or

experiments in their enactment and goals for inquiry.
Physics.

In contrast, the discipline of physics is situated within a different context,

although many of the discourse communities are similar.

e Structure of the Discipline high school physics teachers tended to
emphasize the use of mathematics and modeling in this study. For

example, in physics tasks tend to be well structured with more readily
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verifiable knowledge. A potential reason that well-defined domains, like
physics, have been the subjects of numerous studies about student
misconceptions is because a student’s response can be verified as correct

(Alexander, 1992).

e Student Characteristics — physics is usually an elective course and
therefore made up of a self-selected group of students. As a result classes
tend to consist of more motivated students with more developed academic
abilities. Because physics tends to be taught after students have taken
other science classes, students have been exposed to more scientific

knowledge and inquiry experiences.

e Testing and Curriculum — for physics, testing and curriculum are not as
constraining as with biology, with the exception of IB and AP Physics

courses.

The discourse communities for physics are similar to biology with the eanepti

of the Science Education Community.

e Science Education Community — physics was one of the first disciplines,
closely followed by chemistry, to secure a place in school science. With a
strong quantitative approach, it was not necessary for physics to justify

itself as a hard science.

As a result of the above factors physics tends to be taught with an emphasis
constructing mathematical model of natural phenomena and in this study placedander t

theme ofModeling In portfolio analysis there was a greater diversity of approaches to
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inquiry with about one third being placed under the then&tuwdents Conducting
Scientific InvestigationsThis may be due to the less constrained contexts in which
physics is taught affording a greater diversity of approaches. In additidPhyse&s
First movement may also have resulted in younger students for some particighats i
guantitative analysis. However, in participant interviews participants ala@st

exclusively categorized under the theledeling
Summary.

Physics and biology were presented separately in this section as a means to
compare the two disciplines and illustrate how and why disciplinary differemags
exist. However, it is important to note that the difference was between iissiphd
not necessarily individualsAs seen several times in this study, an individual teaching in
more than one discipline can hold multiple conceptions for inquiry based upon the
context of the discipline. It is therefore important to stress that the usguafyirs

highly contextualized.

As shown in the comparison of physics and biology, understanding the influences
leading to disciplinary differences is challenging due to the complex andchaynature
of teachers’ use of inquiry. Still, through this complexity trends do emeigeseTrends
have important implications for both the science education research community and

teaching with inquiry.

Research Implications
For researchers studying inquiry at the secondary level, a primaryatigics
the need to take into account the role disciplinary differences play in teachecepts

and enactment of inquiry. Research studies frequently consider participamisiy
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one discipline, often for practical, logistical, and theoretical reasons.evtwnthere is a
need to exercise caution in generalizing findings to other science disgipline

As result of the findings in the present study, it is recommended that resgarche
address the influence disciplinary differences may have in their reseaigh olelse
clear in stating that findings may not generalize to other disciplinesaRégrs may
also want to consider how disciplinary differences influence other aspectsrafesc
teaching. The findings presented here offer a starting point for consitéemngontext
and discourse communities can shape instruction. While there will be comnzosiatie
as student characteristics and the structure of different disciplineswiliexiso be
differences. What is important is how these differences translate inketsac
conceptions, enactment, and goals for instruction. The trends found in this study suggest
disciplinary differences may exist in other areas of instruction. Fongeathe same
approach could be applied to the use of demonstrations or technology use in science
teaching.
An intriguing population for study are hybrid teachers who teach in more than one
discipline. In this study, these teachers often held different conceptiogsditeg on
their discipline. These conceptions tended to follow the disciplinary trends iedmtifi
this study. Therefore, researchers should be aware that teachergticoscef inquiry
are flexible and dependent upon a variety of contextual and cultural factors.

Three out of the four hybrid teachers held differing conceptions of inquiry
depending on the discipline they were teaching. For example, in Table X, Tom would
approach inquiry in biology as students conducting scientific investigations. However,

when he taught with inquiry in physics, he focused on students collecting data tupdevel
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mathematical models of a physical phenomenon. Of the four hybrids, only Allen was
consistent in his approach to inquiry across disciplines.
Table 29

Hybrid Teachers and Inquiry

Biology Chemistry Earth Science  Physics
Tom SCSI Modeling
Allen SCsI SCsI
Jane SCSI Content/Modeling
Cathy SCSI Content Content

A final implication is that hybrid teachers may hold conceptions about inquiry
that are different from how they actually enact inquiry in their abegss. In interviews,
when hybrid teachers described their general conception of inquiry, it was dfteardi
from their enactment. They often tended towards one of the disciplines in which they
taught. Researchers should be aware of these differences in the development of

interview protocols and other methodologies relying on self-report data.

Practical Implications

Although this study selected the NSES vision of inquiry as a baseline to allow for
comparisons between disciplines, no single approach to inquiry is being advocated in this
study. Rather, this study highlights the diversity of ways that teaahsressfully teach
within a variety of visions of inquiry. Acknowledging these differences, which tend to
follow trends across disciplines, may lead to more targeted and relevastspooét

development and curriculum design.
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Teachers’ use of inquiry originates in the context of their teaching and the
communities in which they participate. From the standpoint of professional
development, simply presenting a model of inquiry, even within an individual discipline,
may alienate teachers with other conceptions of inquiry. Therefore, one potential
implication is to assist teachers in understanding their approach to inquirkedrttiem
to other approaches.

From a practical perspective, findings from this study support the idea of having
discipline-specific professional development. This might take the form cflimiked
discipline discussions and activities, but ultimately biology, chemistrih sailence, and
physics need to have time together to deal with issues specific to their disciglims is
not to say that individual disciplines will have homogenous approaches to inquiry but it is
likely the contextual influences will be similar.

An additional implication is that general discussions about inquiry may not result
in changes in teachers’ ideas or use of inquiry. As seen in this study, when asked to
define inquiry, teachers often offered vague and somewhat idealistic respvisie
this is useful information and does appear to influence enactment, it wasciesiia of
specific enactments of inquiry where teachers gave detailedmtestsi Therefore, in
any professional development situation it is important to provide examplesé¢hat
relevant to teachers’ discipline.

Although not an interview prompt, five out of the twelve participants expressed a
concern that inquiry was encouraged to be “open” in nature. If this perception is
common in the general science teaching population, it is likely that it digEsungany

teachers from attempting inquiry or leads to them avoiding professional development or
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curriculum that promotes inquiry. The implication is that this perception may nmesul
many teachers being reluctant to embrace inquiry when they believeishadtipossible
in their classrooms.

As discussed earlier, no single vision of inquiry is being advocated here. Rather
than promoting a consensus view of what inquiry should look like, it may be more
appropriate to encourage a vision for individual disciplines based upon the context and
communities in which they are situated. For example, biology students may lgeryoun
and need more time learning how to conduct scientific investigations. Physiests
may be older and perhaps consist of more students who wish to continue on in science
after high school. The context of both situations suggests different approaches to

teaching with inquiry.

Summary

Assuming inquiry should be a central theme of science instruction, a prominent
proposal made in science education reform documents, a larger question is how to get
secondary science teachers to use inquiry in their teaching practicesrcResea
consistently reveals that little inquiry takes place in secondary sciEsseaoms in the
United States (American Association for the Advancement of S¢i@A8ég@;Lotter,
Harwood, & Bonner, 2006; National Research Council, 1996; Wells, 1995). The present
study suggests possible reasons this may be and suggests potential remmstlies. Fi
more specific discipline-based message is needed to encourage the use of inquiry.
Further, this message needs to match the context of teachers’ practice. Secditd, spe
examples need to be made available to teachers that explicitly addresscéptipn that

inquiry needs to be taught in an “open” manner and can take place over shorttgsefra
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Future Research

In this study, evidence was found suggesting that disciplinary trends exist
between biology, chemistry, earth science, and physics disciplines. Belsaussearch
on this topic is sparse, further studies are need in a number of areas. These include
studies with different populations and the use of additional methodologies. In addition,
disciplinary differences in teachers’ views of the nature of sciencegfthence on
teachers’ conception and enactment of inquiry for students with different naicade
abilities, and teachers’ perceptions about science reform efforts coult@ffeand
potentially valuable information on teaching with inquiry.

NBCSTs provided an ideal group to study because of the consistency in the
requirements for the construction on their portfolio entry on teaching an inquionless
NBCSTs, however, represent a select group of teachers and, as a resaldjrigs hiere
may not generalize to other secondary science teachers. Thereforetutieeae
needed with different populations of teachers to determine if disciplinaryesitfes
exist outside of the NBCST community. Such studies have the potential for being
applicable to a larger group of teachers.

In addition to studies with different populations of teachers, different
methodologies would also provide further insights into differences across disipline
particular, participant interviews combined with classroom observations would add t
understanding, although it will likely be necessary to work with a moreelihsiample
due to the resources and time required for such research. This might includengxplori

how different disciplines approach inquiry over a variety of topics and timefraimes

352



addition, research could look at specific areas such as disciplinary differariaav
teachers incorporate NOS into their teaching with inquiry.

A critical question about teachers’ views on the nature of science is wtiethe
are disciplinary trends or views are more universal (Lederman, 2007). Futaehese
with a larger sample and a greater number of VOSTS questionnaire itemdad tee
answer this question. However, data in this study suggest that trends mayithist
disciplines. The methodology used in this study, coupled with classroom observations,
could offer further insights into disciplinary differences across a mubigtigities,
topics, and classes.

Student ability represents another potentially important future researdlogues
In this study, a weak statistical link was found between class ability arfteteagse of
inquiry. Because it did not address the primary research questions and due to the low
power of the t-test and large effect size, the results were not presentedliasitation.
However, along with the weak statistical results, student ability was faypatticipant
interviews as a contextual factor influencing teachers’ use of inquhigrelore, a study
focusing exclusively on student ability and teachers’ use of inquiry could prove
informative for curriculum design and professional development.

Finally, teachers’ perceptions about the science education reform asion f
inquiry offer another area where future research is needed. The concern thabfope
unrestricted inquiry is the intent of reform efforts was common in the curteht st
Future research on how this perception developed and is maintained could be useful in
getting more teachers to believe that inquiry is something that could workrin the

classrooms.
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End of Study Researcher Positionality

At the close of this dissertation, | would like to step outside the study and reflect
upon my findings in the broader context of national policy on science education. | do so
with the benefit of insights and questions put forth by my dissertation committag dur
my oral defense. This is an opportunity for me to discuss some of the larger issues
surrounding inquiry teaching and learning in a more open manner and, at the same time,
consider how | have changed as a researcher.

From this study on NBCSTs and inquiry, | have come to appreciate the complex
and dynamic nature of inquiry teaching and learning. My understanding of the role of
context and culture on teachers’ use of inquiry has broadened and deepened as a result of
working with over sixty teachers in this study. While the contexts and iragorehips
were complex, trends emerged which led me to speculate about the role and future of
inquiry in science education.

Inquiry is often thought to allow students to become more motivated, creative,
and better critical thinkers. My belief that this is the case remaimatgstand may have
become stronger, after completing my research. These beliefs s@@aimon in the
teachers | spoke with and were often mentioned when | asked why they felt iwggiry
important. Participants commonly cited student motivation, creativity, andrgeo
think like scientists as goals of inquiry.

While most teachers believed that inquiry was beneficial for students, thetconte
of the classroom shaped and often limited how frequently they were able conduct inquiry

activities with their students. Conversely, for some the context served to prbeiote t
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use of inquiry by removing limitations. Clearly, context had a powerful influence on
teachers’ conceptions, enactment, and goals for using inquiry.

Context also served to influence when and how students learned the various
aspects of inquiry. Trends in this study suggested that, as students progressed in the
grade level, different inquiry experiences became available. How t@agectke
likelihood that all students will have these experiences touches on national education
policy and teachers’ ability to provide these opportunities.

The Role of Context and Community

During the pilot phase of this study, sociocultural theory guided my design and
analysis. As | began the full study, it became apparent that | needed goefie s
theoretical framework to interpret the varied contexts and communitiesnaithge
teachers’ conceptions and enactment of inquiry. Although | was comfortable with
sociocultural theory, the situative perspective appeared more appramaaspecific to
the data | was generating. | therefore shifted to the situative pevepecti

From this study, three primary contextual features arose that maynsiftgnts
into how national policy can influence teachers’ use of inquiry. They are themstap
between student grade level and course sequencing, NB certification, and tlotiontera
between testing and inquiry.

Student grade level, course sequencing, and inquiry.

Student grade level appears to be related to teachers’ conceptions, enactment, and
goals for inquiry. Due to the manner in which grade level coincides with the various
disciplines, students are likely to experience different approaches to inquigyas t

progress from biology or earth science to chemistry and then to physics.
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In general, biology and earth science are taught to students in ninth and tenth
grade. Chemistry and physics are often taught in the higher grades, witlstchem
typically taught to eleventh graders and physics to twelfth gradersd Basthese trends
it appears that students who continue taking science courses throughout their high school
career are likely to move through several different enactments of inquiry.

Without intending to imply that certain forms of inquiry are of more value than
others, it appears that, as students progress through a sequence of sciencthegurses
move from learning to conduct scientific investigations towards inquiry as @srnea
teach content and develop modeling skills. The relationship between grade level and
approach to inquiry activities is illustrated in Table 30.

Table 30

Grade Level and Predominant Form of Inquiry

Biology Earth Science Chemistry Physics
General Grade Level then o g10h 11" 12"
Major Form of Inquiry SCSI SCSI Content Modeling

Based on this trend, several implications for student learning arise. kidentst
who do not continue after earlier coursework are not likely to have experiencetl varie
enactments of inquiry. As a result, students who do not take additional science courses
after meeting graduation requirements may end up with limited views otiicie
inquiry. Based on the trends identified in this study, it is probable they would only have

experienced inquiry focused on learning to conduct scientific investigations.
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Grade level appears to be one of the primary contextual factors influencing how
students are likely to experience inquiry. However, as | have found throughoutitlyis st
inquiry takes place against a backdrop of multiple contexts that often iraachct
influence each other. While grade level appears to be an important factor, otiwesr fa
such as testing are present. Testing represents a related and alfearigxtual factor.

Testing and inquiry.

Testing emerged as a powerful contextual factor that shaped both the type and
frequency of inquiry in this study. This was most apparent for biology teacherscsed t
teaching AP and IB courses. For these courses, testing primarily influéecieddquency
with which inquiry took place. From a national policy standpoint, testing represents
contextual feature that can be used to encourage the use of inquiry.

Course sequencing at the high school level and No Child Left Behind (NCLB)
legislation result in biology being most affected by testing. For tieatsontain items
about inquiry, it is likely testing results in more teachers using inquiry intéaehing.
Because biology tends to be taught in either ninth or tenth grades it is often adequir
course for high school students.

It may also be possible that biology teachers’ use of inquiry is constrained by
testing. A biology teacher in this study spoke of doilogs“of practice with designing
hypothetical experimentsh order to pass the state tests. This may indicate that some
biology teachers may spend more time on preparing students to answer multiple choice
guestions about inquiry rather than doing inquiry. It should be noted that the biology
teacher mentioned also incorporated one or two student designed investigations into the

course.
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Testing is a contextual factor that could be shaped by national policy. For tests
that assess students’ inquiry knowledge and abilities, this may represant@a w
encourage more frequent use of inquiry in high school science classes. However, much
would rely on the ability of tests to assess students’ understanding of inquirg. In t
current context, biology would appear to be the primary course where this would be
possible.

AP and IB courses also demonstrate the influence of testing on teachef’ use
inquiry. Inquiry is not a prominent part of the AP curriculum, which primarily focuses on
content knowledge. In contrast, inquiry is a central component of the IB cum@&rid
assessments. In this study, IB teachers reported more frequent use ofthmaquityeir
AP counterparts. Here, the influence of testing influences both the type quercy of
inquiry. Since both AP and IB are most often taken by highly motivated students who
wish to go on in science, AP and IB may not generalize to other courses. However, they
do show how testing can influence teachers’ use of inquiry.

Combined with the context of a progression of disciplinary grade level and
approaches to inquiry and the importance of professional development acti\stieg, te
represents an additional tool policymakers have to increase the use of inquiry.

National Board and inquiry.

Of the twelve participants interviewed, one third experienced considerable
changes in their conceptions and enactment of inquiry as a result of the iN&ater
process. Another third experienced minor changes. Similar trends highlightihgrteac

learning from the AYA Science certificate area have been found stuNBEGEH TS in
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recent research (Lustick & Sykes, 2006, Park & Oliver, 2008). For marhetsathe
NB certification experience serves as a source of change in theimigadth inquiry.

Given that inquiry teaching is not a frequent feature of secondary science
classrooms, these results are encouraging. They demonstrate that agmaifessi
development experience of sufficient rigor and supported with guidelines, rudnits
teaching standards can lead to changes in teachers’ use of inquiry. The chalilenge i
finding a manageable way to translate these successes to a wider recigacd
teachers. Several key contextual factors emerged in the current stuahayhaitovide
insights into how this might be accomplished.

Teachers face a number of barriers that can limit their use of inqairy. F
example, time, testing, beliefs about students’ capabilities, and accesetialsare
frequently cited by teachers. NB certification often allows teacheesrtpdrarily
suspend some of these limitations. This gives teachers the freedom and impetus to use
inquiry in their classroom in new and perhaps more extensive ways.

The nature of NB certification also provides a structured and reflectivextdat
teachers to examine their own use of inquiry and student learning. As they develop thei
portfolio entry on inquiry they must discuss their goals, planning, interactions with
students, and reflect on learning that took place. Videotaping their teachirsg farfi
many teachers, allows teachers to step back and observe themselves arsldautent
inquiry. The reflective element of the portfolio encourages teachers to thinkredyout
they will apply what they have learned to their teaching. Together, these element

lead to changes in how teachers use inquiry.
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For a number of participants in this study, the materials provided by the NB were
a source of learning. This was most evident for teachers who had limited expeiignce
inquiry and did not have a model for teaching with inquiry or weren't satisfied hath t
current use of inquiry. As a result of the NB certification process, many teathted an
increase in the amount of inquiry they conducted and in the sophistication of their use of
inquiry.

The findings in the current study and previous research suggest that the NB
certification process leads to change for many teachers. It cae spaate for teachers to
think deeply about inquiry and try new ways of teaching. Further, the process often
places teachers in a discourse community about teaching with inquiry made up of
colleagues seeking certification, currently certified teachevengeas mentors, and
others in the NB community.

Inquiry and National Education Policy

National and local policy has the potential to influence teachers’ use of inquiry
through professional development activities like the NB and through testing. Howeve
the disciplinary differences in teachers’ use of inquiry in biology, chemestiy earth
science also need to be taken into account in any policy initiative aimed at inquary. T
major policy tools available to increase the frequency and the substance of inquiry
teaching are discussed here based upon the findings in this study.

NB certification and inquiry.

In the current study, one third of participants interviewed underwent considerable
change in their use of inquiry. This includes frequency of use in addition to changes in

their approach to inquiry. For many participants, the amount of inquiry taking place
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increased and became more sophisticated. NB certification is one potentiallnationa
policy tool that could be effective in promoting the use of inquiry.

For almost all the participants interviewed, financial incentives were i@ m
reason for seeking certification. Many states and school districtsqrasdrtification and
offered salary increases for teachers successfully achievinfigcaéidn. Rewarding
teachers for becoming NB certified is an effective policy tool to encoteagbers to
seek certification.

For many teachers, the NB certification process is intimidating and reqoae
large a time commitment. As a result, the NB recently began offering keeQrze!
program. This allows teachers to focus on completing one portfolio entry. Their@core f
that entry is then banked towards future NB certification. For manyedegahis is a
more appealing and lower-risk way to approach certification. For the Adolesunt
Young Adult: Science certificate area NB selected the portfolio &utiiye Scientific
Inquiry. From a policy standpoint, the Take One! route to certification is an established,
cost effective, school based, and effective professional development experience.

Research has shown that many teachers learn about inquiry and change the
frequency and their enactment of inquiry as a result of the NB cerbfigatocess.

Further, teachers often become participants in discourse communities pathey
implement, and prepare their portfolio. Mentors, colleagues, and others in the NB

community can have a positive effect on teachers’ conceptions and use of inquiry.
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Testing and curriculum.

Testing can also serve as a policy tool for encouraging the use of inqusgeAs
with biology, AP, and IB courses this must be approached with care. The nature of the
test may lead to limited enactments of inquiry or limit how much inquiry takes.plac

A major element regarding the influence testing has on inquiry resides in how
well the test can assess students’ knowledge and inquiry skills. Improvement i
assessments will be necessary for this to have a significant dfteeichers are able to
simply teach the process of scientific inquiry as content or through the design of
hypothetical experiments the impact on inquiry teaching will be minimal. $Histher
complicated by the current movement towards tests made up of only multiple choice
guestions in an effort to save money and increase reporting. Therefore, developing
assessment items that can measure students’ skills and knowledge about irgigity ne
be an area of emphasis.

In the current study, the Nature of Science (NOS) was seldom mentiondtemn eit
portfolio analysis or participant interviews. Based on the VOSTS instrurheras i
found that participants did have developed views of NOS but that they did not state them
explicitly when discussing their enactment and goals for inquiry. The @aldititest
items on NOS may result in an increased presence in teachers’ instruction $essdiker
biology.

Finally, discussions about a national curriculum have recently surfaced. For
science, it is speculated that inquiry will hold a central role, as it does in tioada

Science Education Standards today. To be effective, it will be important that the
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curriculum include targeted and relevant representations of inquiry to support the
conceptions and goals for teachers in various disciplines.
My Role as a Researcher in Science Education

Earlier in this dissertation | stated that | approached this dissertatim the
perspective of a high school science teacher and a former research.dheamistow add
to that list my perspective as a science education researcher. Themogdas changed
the way | view teaching and learning in several important ways.

The process has made me more cautious and has led me to believe that
assumptions need to be tested. There are often deeper meanings that requack time a
thinking. | now take a more critical look at situations and seek to understand the multiple
contexts and communities involved. My exposure to sociocultural theory and the situative
perspective now help me interpret the context and interactions in my classndom
school.

As a teacher, I've had the opportunity to read the scholarly work of many
excellent researchers and learn about their thoughts, particularly on toipigh o
relevance to my dissertation, teaching with inquiry. This has influenced myhinking
concerning conducting research in science education, and how | might approaoé scien
teaching as a practicing researcher. As a practical mattarnba better prepared to
offer support on conducting science education research and teaching with inqury to m

colleagues across the disciplines.
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Appendices

Appendix A: Portfolio Inventory Tool
1. “Identify questions and concepts that guide scientific investigations.”

A._Degree to which teacher supports students efforts to develop a research question.

5 — evidence that considerable effort is spent on the development of the researoh quest
(e.g. students receive instruction on choosing testable questions, students practice
developing questions, teacher provides feedback on questions)

4 —evidence that students received support in developing their research questivedrecei
some instruction on asking a testable question, received some feedback from teacher on
guestion development)

3 — some evidence that students received support in developing their research question
(received some instruction on asking a testable question, received someHKdemhac
teacher on question development)

2 — minimal evidence that students received support in developing their researabnquesti
(received some instruction on asking a testable question, received someHKdexhac
teacher on question development)

1 — there is no evidence that students received support in developing their researgh. quest

B. Degree to which students choose own guestion to investigate.

5 — students developed own questions based on own scientific interest and coursercurricul
4 — students developed own questions on a limited topic (e.g. energy, ecology, ...)

3 — students could chose from a set of questions

2 — students were given specific questions to research

1 — all students work on the same research question provided by the teacher

2. “Design and conduct scientific investigations.”
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A. Degree to which students engage in designing their scientific investigations.

5 — evidence that teacher provides considerable support for students designiffgcscient
investigations (research outside sources, use of variables, control groups, psaseskir

of instruments to collect data, multiple trails, safety, technology, alafi design to

original question)

4 — evidence that teacher provided a high degree of support (includes many of the above)
3 — evidence that teacher provides some support (includes some of the above)

2 — evidence of that teacher provides limited support (includes few of the above)

1 — no mention of students’ design of their scientific investigation.

B. Conducting scientific investigations.

5 — evidence that students collect and organize data, giving attention to almosteall of t
following: accurate observations, management of error, and correct use ofemmeagur
tools glassware, stopwatches, rulers, electronic data tools), studentsirevise
methodology during data collection when necessary.

4 — evidence students collect and organize data and give attention to most of the
following: (see above)

3 — evidence that students collect and organize data and give attention to some of the
following (see above)

2 — little evidence that students collect and organize data from the investigation

1 — no description of students’ collection and organization of data.

3. “Use technology and mathematics to improve investigations and communications.”

A. Evidence that teacher encourages and supports the use of technology in students’
investigations.

5 — Evidence that students have access to a wide variety of technologies and frequentl
use them in their investigation (hand tools, measuring instruments, calculators,arsmput
(for collection, analysis, display)).

4 — Evidence that students have access to a variety and use them in their inmestigati
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3 — Evidence that students have some access to technology and use them in their
investigations.

2 — Minimal evidence that students use technology.

1 — No mention of technology.

B. Evidence that teacher encourages and supports use of mathematics in students’
investigations, where appropriate.

5 — Considerable evidence that students frequently use mathematics in thégatioes
(basic calculations, measurement, formulas, charts and graphs for commumesailtsy
statistics).

4 — Evidence that students frequently use mathematics in their investigagab(aee).

3 — Some evidence that students frequently use mathematics in their investigegion (s
above).

2 — Limited that students frequently use mathematics in their investigatierai®ve).

1 — No evidence of use of mathematics in investigations.

4. "Formulate and revise scientific explanations and models using logic and exidg

A. Students’ work culminates in an explanation or model of the phenomena (physical or

math).

5 — Considerable evidence that students’ work culminates in an explanation or model of
the phenomena.

4 — Evidence that students’ work culminates in an explanation or model of the
phenomena.

3 — Limited evidence that students’ work culminates in an explanation or model of the
phenomena.

2 — Minimal evidence that students’ work culminates in an explanation or model of the
phenomena.

1 — No evidence that students’ work culminates in an explanation or model of the
phenomena.
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B. Students review current scientific understanding, evidence, and logic to determine the
best explanations or models.

5 — Considerable evidence that students review current scientific understanding
evidence, and logic to determine the best explanations or models.

4 — Evidence that students review current scientific understanding, evidence,iard log
determine the best explanations or models.

3 — Limited evidence that students review current scientific understangidgnee, and
logic to determine the best explanations or models.

2 — Minimal evidence that students review current scientific understandingneejdand
logic to determine the best explanations or models.

1 — No evidence that students review current scientific understanding, evidenceagiand lo
to determine the best explanations or models.

5. “Recognize and analyze alternative explanations and models.”

A. Students are encouraged to consider alternative explanations for their conclusions or
theories.

5 — Considerable evidence that students are encouraged to consider alternative
explanations for their conclusions or theories.

4 — Evidence that students are encouraged to consider alternative explanations for thei
conclusions or theories.

3 — Limited evidence that students are encouraged to consider alternativegapkafor
their conclusions or theories.

2 — Minimal evidence that students are encouraged to consider alternative éxpsanat
for their conclusions or theories.

1 — No evidence that students are encouraged to consider alternative explanations for
their conclusions or theories.
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6. “Communicate and defend a scientific argument.”

A. Students communicate about their investigation in writing.

5 — Considerable evidence that students communicate about their investigatiomig writi
(summarizing data, using language appropriately, using diagrams and otyéis\reg
analysis)

4 — Evidence that students communicate about their investigation in writing

3 — Limited evidence that students communicate about their investigation in writing

2 — Minimal evidence that students communicate about their investigation in writing

1 — No evidence that students communicate about their investigation in writing

B. Students defend their investigation and respond appropriately to criticism from peers or
teachers.

5 — Considerable evidence that students consider and respond to criticism from peers and the
teacher (peer review of investigations, feedback from teacher on investigateioat stages)

4 — Evidence that students consider and respond to criticism from peers and the teache
3 — Some evidence that students consider and respond to criticism from peers and the teache
2 — Minimal evidence that students consider and respond to criticism from peers aaglbe te

1 — No evidence that students consider and respond to criticism from peers and the teache

C. Students present their findings publicly.

5 — Considerable evidence that students present their investigation and findingy publicl
(e.g. an oral presentation or poster session).

4 — Evidence that students present their investigation and findings publicly.
3 — Some evidence that students present their investigation and findings publicly.
2 — Minimal evidence that students present their investigation and findings publicly.

1 — No evidence that students present their investigation and findings publicly.
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Appendix B: Interview Design and Protocol
l. Introduction and Interview Agenda

Design:
a. Introduction
i. Thanks for Participating
ii. Assure Confidentiality
lii. Permission to Audiotape

b. Interview Agenda
i. General Information
ii. Past Scientific/Inquiry Experiences
iii. Questions about Portfolio and your Questionnaire
iv. Talk about inquiry and the AYA certification process.
v. Do you have any questions for me before we begin?

Protocol:
a. Introduction
i. Thank you for participating in this study Al¥ A Sciencand inquiry.
ii. 1would like to assure you that this conservation is confidential.
Your name will not be included in any documents or reports.
iii. To assist with my data analysis | would like to ask your permission
to audiotape our conversation. Will that be okay?

b. Interview Agenda
There are four parts to the interview and it should take about 30-45 minutes.

i. The first part I'll collect some basic background information.
ii. Second, we'll talk about any past scientific inquiry experiences
you have had.
iii. Afterward, we’ll discuss your portfolio entry.
iv. Finally, we’ll explore your ideas about inquiry and the NB
certification process.
v. Any questions for me before we begin?

Il. Background Information

Design
a. Background Information
I. Years teaching
ii. Urban, Suburban, Rural
iii. Current Classes Taught
iv. Education Background
v. Retake Status
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Protocol
a. Background Information

I'd like to gather some background information now.

i. How many years have you been teaching?
il. How would you describe you school, for example urban, suburban,
or rural?
lii. What classes are you currently teaching?
iv. What is you education background?
v. Did you achieve certification in the first year or did you need to
retake any items? Which items did you retake?

lll. Past Scientific, Inquiry Experience, and Professional Development

Design
a. Past Scientific and Inquiry Experience
i. Length of experience.
ii. Activities and role.
iii. Learning gained from experience.
iv. Influence on use of inquiry.

b. Professional Development
i. Description of any professional development on inquiry.

Protocol
a. In this section we’ll discuss you previous experiences with scientific
research and inquiry.
I. Please describe any previous experiences with scientific research or
inquiry.

ii. When did this take place? How long was the experience?

iii. What did you do?

iv. What did you learn?

v. How did it influence your use of inquiry in the classroom?

b. Professional Development

i. Could you briefly describe and professional development on inquiry
you received?

V. Portfolio Clarifications
a. These will vary from person to person.
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V. Official andPersonalConception of Inquiry

Design
a.Official Conception of Inquiry

i. Conception of NB goals for portfolio entry two.
ii. Student activity during inquiry.

iii. Student learning during inquiry.

Iv. Teacher activity during inquiry.

v. NB as a realistic vision of inquiry.

vi. Discuss example from participant’s portfolio.

vii. Inquiry in other classes (not used in portfolio).

b. PersonalConception of Inquiry
i.Description of inquiry in participant’s classroom.
ii.Classroom use of inquiry (frequency).
iii.Facilitators and limiters of inquiry.
iv.Goals for student learning from inquiry.
v.Components of an inquiry activity.
vi.Levels of inquiry.

Protocol
a. Official Conception of Inquiry

In this section we’ll discuss inquiry from the perspective of the National Board.

i. What do you think the NB want to see in an inquiry activity for
portfolio entry two, Ative Scientific Inquiry
ii. What are the students doing in an inquiry activity?
lii. What are they learning?
iv. What is the teacher doing?
v. Is what the NB is asking realistic on a regular basis?
vi. In your portfolio you used your class.
vii. How do you think your other classes would do with inquiry? Why
didn’t you use them in your portfolio?

b. PersonalConception of Inquiry
Now let’s talk about your own thoughts about inquiry.

i. For youpersonally, how would you describe inquiry as you use in your
classroom?

ii. How often do you do inquiry in your classroom?
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V1.

What enables your use of inquiry? What limits it?

What are some of the things you want students to learn from your
inquiry activities?

For you, what makes a lesson plan inquiry-based?

The NB states,Accomplished science teachers use the entire speaf

inquiry, from teacher-guided inquiry through stutieniven investigations.do
you agree?

V.
Vi.

Changes in Conception of Inquiry Resulting from NB Certification Process & Entry

Design
i. DiscussReflectionsection in portfolio entry and change in thinking about
inquiry.
Important aspects of NB process and change.
Difference in teaching an inquiry lesson after NB process.
Essential aspects of NB process.
Current use of inquiry in classroom.
Importance of content knowledge.
Participants’ comments.

V.
Vi.
Vii.

Protocol

Let’'s wrap up with a discussion on how your thinking and teaching with inquiry is
different as a result of the National Board certification process.

I.In your portfolio entry you reflected upon
saying . Are there any other ways your thinking
about inquiry has changed as a result of the NB process?

ii.What was it about the NB process that expanded or altered your ideas
about inquiry?
iii.How would you teach a lesson differently after going as a result of
working on your portfolio?
iv.What did you find most valuable about the portfolio process for Entry 2:
Active Scientific Inquiry
v.Do you do more inquiry related activities now?
vi.How important is content knowledge for inquiry teaching?
vii.Anything you would like to add about the NB process and inquiry teaching?

VII.  Wrap-Up
a. Thanks you for participating.

b. Any questions?
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Appendix C: Institutional Review Board

UNIVERSITY OF MARYLAND, COLLEGE PARK
Institutional Review Board

Renewal Application for Resear ch | nvolving Human Subjects

Name, Department and E-mail Address of Principal Investigator or Faculty Advisor:
J. Randy McGinnis, Department of Curriculum and Instruction (EDCI), jmagiomd.edu

Name, Department and E-mail Address of Co-Investigator (s) (if applicable):

Name and E-mail Address of Student Investigator (s) (if applicable):
Wayne Breslyn, wbreslyn@umd.edu

Project Title:
Factors influencing National Board Certified Teachers’ conceptions of inquiry.

IRB Application Number:
#07-0671

Date IRB Approval Expires:
December 13, 2008

Name and Address of Person to Receive the Approval Documents
Wayne Breslyn, 1916 Stanley Avenue, Rockville, MD 20851

SIGNATURE SECTION

The Principal Investigator, Co-Investigator, and Student Investigator, in sitpnéng
renewal application, certify that they have conducted research in aca®rdidéim¢he
IRB-approved protocol and that any consent forms used in connection with the project
have been retained by the Principal Investigator unless otherwise indicétes i

renewal application.
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Principal Investigator or Faculty Advisor Date

Co-Investigator (if applicable) Date

Student Investigator (if applicable) Date

Who Must Renew?

Please indicate YES or NO for each of the following questions. Wilsdetermine
whether you need to submit a renewal application.

1. Will future research activities involve obtaining data through intervention or
interaction with human subjects?

YESlXI No|:|
2. Will future research activities involve obtaining identifiable privatermation

about living individuals? (Information is identifiable if subjects can be idedtdirectly
or through identifiers linked to the subjects.)

YESIE No|:|
3. Will future research activities include analyzidgntifiable private information
about living individuals?

YESIE NO|:|

** |f you answered yes to any of these 3 questions, your research projecesemjui
complete renewal application, including responses for Sections 1-14. Thetiosg tior
Sections 1-14 are included on the attached pages. Submit the original, signed renewa
application and a copy of the renewal application to the IRB Office.

** If you answered no foall of the above renewal questions, check herg.

Your research does not require IRB continuing review. Submit only one signed copy of
this 2 page form.

PLEASE SEND RENEWAL APPLICATIONSTO:
Campus Mailing Address- | RB Office, Room 2100, L ee Building, ZIP 5125
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Instructions for Completing the Renewal Application

If you would like to continue obtaining data from human subjects or collecting or
analyzing identifiable private information for the project indicated abauér, groject
must be reviewed and approved by the Institutional Review Board (IRB) begore th
expiration date for the previous IRB approval.

All changes to the approved research, which have occurred since the vital oe the
last annual renewal, must be reported in your renewal application. Univ&Bipolicy
and federal guidelines prohibit research involving human subjects beyond the IRB
approval expiration date.

When to Submit Renewal Applications

In general, non-exempt projects are approved for one year. For non-exeragpires
that was approved through expedited review, a renewal application should be submitted
no later than 30 days prior to the last day of that one-year approval period. (Fplegxam
an application approved on June 30, 2007 would expire on June 30, 2008; a renewal
application will be due at the IRB no later than June 1, 2008.) For non-exempt research
that was approved through full Board review, a renewal application should be submitted
by the application deadline for the IRB meeting scheduled for the month bedore th
application expires. Please check the IRB meeting dates that are postedRB t
website fittp://www.umresearch.umd.edu/IRB/IRBdates.htmExempt projects are
approved for three years. A renewal application should be submitted for an exempt
project no later than 30 days prior to the last day of that three-year approvd! {&or
example, an application approved on June 30, 2005 would expire on June 30, 2008; a
renewal application will be due at the IRB no later than June 1, 2008.) If you have any
guestion about renewal applications, please contact the IRB Office at 301-405-7326 or
IRB@deans.umd.edu

Contents of the Renewal Application

. Project Description: Include a summary of the project. Please do not provide a cut and
paste of your entire initial application. State whether additional subjdttsewecruited,
and if so, indicate the number of additional subjects to be recruited.

The purpose of this study will be to explore and develop a model of factors influencing
National Board Certified Teachers’ (NBCTs) conception of inquiry-basaching and
learning. The study will use a mixed methodology approach involving portfoliosisaly
guestionnaire, and interview. The central question is: What are the conceptions of
inquiry held by NBCTs and how did these change as a result of their participation in the
National Board (NB) certification process? Data will be collected thraumglysis of
participants’ NB portfolio entnActive Scientific Inquirga 13 page document written by
the NBCT), a survey (the Views of Science-Technology-Society instryinaert

interviews.
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Participants will be protected through confidentiality of all tape renged{code
numbers) and names will be changed in transcripts. Participation will be volanthry
participants will sign a consent form if they agree to participate in the. sty consent
form will explain the research project and the voluntary nature of their p@ssibl
participation in the portfolio analysis, survey, and interviews. Participathtsen
informed that they may withdraw from the study at any time without penalty.

A total of 12 additional subjects will be recruited for the project.

No additional subjects will be recruited.

2. Investigator Information: Please state whether the Principal Investigator has changed
or whether additional investigators, including student investigators, have lukssh ad

The Principal Investigator has not changed for the study. No additional int@stiga
have been added to the project.

3. Project History: Indicate whether the project was undertaken and how many subjects
have participated. Summarize what you have learned thus far.

Results from a pilot study involving three NBCTs (subdisciplines including biplogy
chemistry, physics) suggest that the portfolio analysis inventory is val@abhleshnd
sensitive to teachers’ varying enactments and conceptions of inquiry. loadditi
instruments used to analyze teachers’ views of the nature of science and previous
scientific research experiences were effective. Further, intes\peovided support for
the analysis of quantitative data and provided rich description of teachersptonsef
inquiry. While the sample size was small (n=3) tentative insights include thenoé of
content knowledge on use of inquiry, the importance of establishing the context from
which teachers discuss their conceptions of inquiry, and the National Boardiportfol
entry as a stimulus for inquiry teaching.

4. Problem History: Provide a summary of any adverse events and any unanticipated
problems involving risks to subjects or others and any withdrawal of subjectdkeom t
research or complaints about the research since the last IRB reviewe Iidlve been
problems, describe how they were handled.

There have been no adverse events involving risks to subjects. No subjects have
withdrawn from the study and there have been no complaints since the last I&&. revi
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5. Additional Information: Provide asummary of any relevant literature and interim
findings, state whether there are any multi-center trial repods,(gittach the report(s) to
this application), and include any other relevant information, especially infiorabout
risks associated with the research.

A summary of relevant literature is listed below. There are no multecerdl reports.
There are no changes to the risks associated with this research project.

Aikenhead, G. S., & Ryan, A. G. (1992). The development of a new instrument: "Views on
Science-Technology-Society (VOSTS¥cience Education6(5), 477-91.

Lustick, D., & Sykes, G. (2006). National Board Certification as Professionaldpenent:
What Are Teachers Learning@lucation Policy Analysis Archives, (b

National Research Council. (1996)ational Science Education Standard&ashington
D.C.: National Academy Press.

Park, S. & Oliver, J. S. (2008). National Board Certification (NBC) as a catatys
teachers' learning about teaching: The effects of the NBC processdidata teachers'
PCK developmentJournal of Research in Science Teachg7), 812-834.

Strauss, A. & Corbin, J. (1998Basics of Qualitative Research: Techniques and
Procedures for Developing Grounded The(®¥ ed.). Thousand Oaks, California:
Sage Publications, Inc.

6. Approved Changes. Indicate whether the IRB has approved any modifications in
recruiting procedures, study procedures, types or number of subjects, or the consent
processincethe previousannual IRB approval. If so, for each modification approved
during the past year, please provide each of the following:

a) the date of modification approval,

b) a description of the change and reasons for the change, and

c) an indication of whether the change led to a change in the consent form or an
additional consent form; if so, describe the change or provide the new consent form.

An addendum was approved on May 20, 2008 From the Approval Memorandum:
“Approval of request, submitted to the IRB office on May 14, 2008, to (1) replace the
Views of the Nature of Science Questionnaire (VNOS) with a modified versitwe of

Views of Science-Technology-Society (VOSTS) instrument (2) use aceemsent
form which includes changes to the “What will | be asked to do?” section.”
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7. ChangesImplemented without IRB Approval: Indicate whether there were any
amendments or modifications since the last review that the IRB did not approvee Pleas
explain why these changes were made prior to IRB approval.

No changes were implemented without IRB approval.

8. Reguest for approval of new changes: Indicate whether you are now requesting any
modifications to recruiting procedures, study procedures, types or number ofsudjec
the consent proce$sr which you have not yet received approval. For each such

change, please provide each of the following:

a) a description of the change and reasons for the change,

b) a copy of any relevant instruments, and

c) an indication of whether the change will necessitate a change in the conseat for

an additional consent form; if so, describe the change or provide the new consent form.

Specific Changes:
Less data will be collected from the participants. Specifically:

| will no longer be collecting portfolios from participants or asking padicip to
provide scores from their National Board assessment exercises.

Remove the textThere are three parts to the study. First you will be asked to provide acfopy
your portfolio entry for Active Scientific Inquiry and National Board condéeet Assessment
Center scores to the researcher via email. Second, you will be askeddleteaime Views of
Science-Technology-Society (VOSTS) survey, a multiple choice swstvagnent. Finally, you
will be asked to be interviewed twice to clarify and extend portfolio anaysi&/OSTS survey
responses’from the Informed Consent Document

Replace withThere are two parts to the study. First you will be asked to complete the Views of
Science-Technology-Society (VOSTS) survey, a multiple choice s@tvasnent. Second, you

will be asked to be interviewed twice to clarify VOSTS survey respandaliscuss your ideas
about teaching with inquiry.

Rationale for Change and Risks to Subjects:

Participants will no longer be asked to provide their portfolio entry or NationatiBoar
content area Assessment Center scores. As a result, references to dheortist be
removed from the Informed Consent form. The change will not result in any additional
risk to subjects.

Supporting Documents Attached:
Updated Consent Forms
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9. Data L ocation: Indicate the specific location (building and room number) in which
the official records of this research project will be retained. Pleasehabtast per the
University of Maryland policy on records retention and disposal, all human sulgect f
including work done by faculty, staff, and students, must be retained for a period of no
less than 10 years after the completion of the research and can then be dlddtroyan
subject files include IRB applications, approval notices, consent forms, andedtied r
documents. For more information on records retention, go to:
http://www.dbs.umd.edu/records_forms/schedule (ftgzulty and Academic Records)

or contact Michelle Solter Evers, Assistant to the Director of Busirezssc8s at
301.405.9277 omevers@mercury.umd.edu

Information will not be recorded in such a manner that subjects can be identrgetlydi
or through identifiers linked to subjects. The sources will not be publicly available.
Written materials will disguise the identity of the subjects and the locaititre person
being interviewed. Participants will not be identified by name in the tratsan
research report (names will be changed).

Audio tapes and notes gathered during the course of the research will be starée by c
number at the researcher’'s home and will be kept in a securely locked metal cabinet.
Electronic copies of portfolios and transcripts will be stored on the reséarcher
computer. The researcher will be the only person with access to the data, 8oth har
copies and electronic.

The study will take approximately twelve months. Data will be stored inkadiosecure
metal file cabinet and on a computer hard drive at the researcher’'s home/éard 0
after the study (2019). Hard copy data will then be destroyed via a shredder and
electronic data will be erased on the hard drive of the researcher’'s computer

10. Consent Forms: Note how many consent forms you will be using. If more than one,
provide a list. For each consent form, please provide:

a) a stamped copy of the previously approved consent form (dgendtthe original
stamped consent form), and

b) a blank copy of the consent form for which approval is now sought (for a new
approval stamp). If changes in the consent form are requested in this appliaisn

submit a copy of the proposed consent form with proposed changes highligteade

do not use color to highlight your changes.)

Only one consent form will be used for this research project. Attached is afdbpy o
previously approved consent form (from the May 20, 20&@#dendum) and the current
consent form with changes detailed item #8 above.
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11.Health Insurance Portability and Accountability Act (HIPAA): Indicate whether
any HIPAA compliance issues exist that were not previously reported B Bhéor
more information on HIPAA, go tdnttp://www.hhs.gov/ocr/hipaa/

There are no HIPAA compliance issues in their project.

12.Conflict of Interest: Indicate whether any conflict of interest issues exist that were
not previously reported to the IRB. If there is a new conflict of interest issse]luke

the potential conflict of interest, including how such a conflict would affect thed e

risk to the study participants. Please consult the University of Maryland policonflict
of interest as defined by the University of Maryland Policies and Procediuteslland
[1-3.10. The policy may be viewed at:
http://www.usmh.usmd.edu/Leadership/BoardOfRegents/Bylaws/Sectidh il ¥ Ihtml

There are no conflicts of interest in this project.

13.Funding Sour ce/Resear ch Support: Provide the names of any organization,
including Federahgencies, providing support (e.g. funding) for the research.

This project receives no funding or support.

14.Checklist: Double check to determine that all information required in the previous
thirteen points is included/issing information may result in delayed |RB review.

Project Description _ XX__
Investigator Information XX
Project History _ XX
Problem History XX
Additional Information __ XX __

Approved Changes During Past Year XX

Changes Implemented Without IRB Approval XX -
Request for Approval of New Changes XX
Data Location XX

Consent Forms and list of consent forms (if more than one) XX
HIPAA XX
Conflict of Interest XX

Funding Source XX

Note: Please do nahclude an original or copy of your IRB approval letter with your
renewal application.
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Staff member/Community member Informed Consent Form

Page 1 of 2 Initials Date

CONSENT FORM

Project Title

Factors influencing National Board Certified Teachers’
conceptions of inquiry.

Why is this research
being done?

This is a research project being conducted by Wayne Breslyn g
the University of Maryland, College Park. We are inviting you
to participate in this research because you are a National
Board Certified Teacher in the area of Science: Adolescent and
Young Adulthood. The purpose of this study will be to explore
and develop a model of National Board Certified Teachers’
(NBCTSs) conception of inquiry-based teaching and learning.
Findings will help design more effective professional
development for science teachers.

What will | be asked to
do?

There are two parts to the study. First you will be asked to
complete the Views of Science-Technology-Society (VOSTS)
survey, a multiple choice survey instrument. Second, you will
be asked to be interviewed twice to clarify VOSTS survey
responses and discuss your ideas about teaching with inquiry.
Interviews will be audiotaped. The research will take place via
email and telephone. The duration of your involvement will be
approximately two hours.

What about
confidentiality?

We will do our best to keep your personal information
confidential. To help protect your confidentiality: (1) your
name will not be included on the surveys or other collected
data; (2) a code will be placed on the survey and other
collected data; (3) through the use of an identification key, the
researcher will be able to link your survey to your identity; and
(4) only the researcher will have access to the identification
key. If we write a report or article about this research project,
your identity will be protected to the maximum extent possible.

Audiotapes of interviews will be kept in a locked metal file
cabinet at the researcher’s home, accessible only to the
researcher. Tapes will be destroyed after six years.

Your information may be shared with representatives of the
University of Maryland, College Park or governmental
authorities if you or someone else is in danger or if we are
required to do so by law.

What are the risks of this
research?

You may experience some level of stress through you
participation in the interviews. You will be able to review
transcripts to potentially reduce any anxiety about your
comments in the interviews. You may withdraw from the study

at any time without penalty.
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Page 2 of 2

Initials Date

Project Title

Factors influencing National Board Certified
Teachers’ conceptions of inquiry.

What are the benefits of this
research?

This research is not designed to help you personally, bu
results may help the investigator learn more about scien
teaching and scientific inquiry. We hope that, in the futu
other people might benefit from this study through impro
understanding of science teaching.

the

re,
ved

Do | have to be in this
research?

Can | stop participating at any
time?

Your participation in this research is completely voluntar
You may choose not to take part at all. If you decide to
participate in this research, you may stop participating at

any time. If you decide not to participate in this study or|i

you stop participating at any time, you will not be penaliz
or lose any benefits to which you otherwise qualify.

What if | have questions?

This research is being conducted by Wayne Breslyn at t
University of Maryland, College Park. If you have any
guestions about the research study itself, please contact
J. Randy McGinnis at: The University of Maryland, Scier
Teaching Center, Department of Curriculum & Instructio
Room, 2226 Benjamin, University of Maryland, College
Park, Maryland 20742,

301405-6234 or jmcginni@umd.edu

If you have questions about your rights as a research
subject or wish to report a research-related injury, please
contact:I nstitutional Review Board Office, Univer sity of
Maryland, College Park, Maryland, 20742;

(e-mail) irb@deans.umd.edu; (telephone) 301-405-0678
This research has been reviewed according to the Unive
of Maryland, College Park IRB procedures for research
involving human subjects.

Statement of Age of Subject
and Consent

Your signature indicates that:
you are at least 18 years of age;,
the research has been explained to you;
your questions have been answered; and
you freely and voluntarily choose to participate in this
research project.

Project Title

Factors influencing National Board Certified
Teachers’ conceptions of inquiry.

Signature and Date

NAME OF SUBJECT

SIGNATURE OF
SUBJECT

Dr.
ce

D

rsity

DATE
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