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The literature on professional development is replete with studies that utilize survey,

interview, and classroom observation data, primariljlected post professional

devel opment experience, to explore teachersd
however, we |l ack a clear understanding of tea
during the professional development. The current study aims toessddihe

abovementioned gaps in the literature, by utilizing participant reflections and

assignments during a summer professional development opportunity, to elucidate the

process by which teachers learn about ingbaged teaching and begin taplement

in their planning, in addition to factors they deem influential in this process. The
findings addr ess three questions about profe
process of developing professionally, 23tees of effective professional development

and 3) the relationship between participants and the program. Furthermore, a web of
interrelationships is revealed between participdantified beneficial programmatic

features and t he participantso experiences,
professional development, evolving conceptions and beliefs, and the translation of

these beliefs into practice, as evident in their immediate implementation of ideas in

instructional planning.

Keywords: professionaldevelopment, inquiry, hservice teacher edation, beliefs,
teaching practices

Introduction

Despite repeated calls by the science education community and the emphasis of national science
education policy documents (NRC, 1996; NRC, 2012) on inchased teaching, we continue to
witness a faigf slow progress in this direction. According to the math and science education
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survey by Weiss, Banilower, McMahon, and Smith (2001), classroom science instruction
continues to be dominated by teachenterednstruction, direct transmission of knowledged
an oveemphasis on rote memorization of content. Teachers play an indisputably decisive role in
the success and implementation of reforms (Duschl, 1990; Lumpe, Haney, & Czerniak, 2000).
Teacher so beliefs, knowl ed g ed, effeet rofdthese xop theiri e nc e s
instructional decisions Van Driel, Beijaard, & Verloop, 200} considerably impact the
attainment of reform goals.

Successfully adopting an inquibased approach to teaching and learning in a classroom
requires that teachers f@miliar with both the nature of scientific inquiry and inquibgsed
learning and implement such practices in their classrooms (Anderson, 2002). However, countless
teachers are unable to effectively employ inqlniaged instructional methods because this
approach to teaching is an abstract idea to them. They did not encounter it in theirl@vn K
education nor experience it during their training andpgration in becoming teachers
(Kazempouy 2009).Hence, making the shift to an inquinased approach teaching science
could be a Adaunting tasko that teachers struc
2004).

In an effort to remedy this issue, science education reform documents (e.g. NSES) have
hailed nquiry-based professional development (PB)aasignificant tool in facilitating science
teachersd adopti on a rbdsed plamihg assessment, and instrustionali nq u i
beliefs and practices. As $heimplieitdogiboyfocBsingamvi t z an
professional devepment as a means of improving student achievement is that high quality
professional development will produce superior teaching in classrooms, which will, in turn,

transl ate into higher | evd@Hed®D laefrature tsgohtemmsty ac hi e v
growing to address the considerable gaps existing within this branch of research. One area that
deserves further attention is teachersé | earnin

their beliefs and understanding throughout the PD, hedmimediate application of PD ideas in

their instructional decisions. The aim of the current study is to explore high school science
teachersd written refl ect i-basedsPDappatungdystcselugdatme nt s d
the piocess by which thelearn about inquirpased teaching and the extent and scope of their

adoption and application of such ideas, as evident in their immediate implementation of ideas in

their instructional planning.

Theoretical Framework

Over the past two decades, PD peogs for inservice primary and secondary teachers of science
have grown substantially. Science education documents such as the NSES and the NSTA position
statement (2006) have highlighted the urgent need for and effective means of achieving
professional deslopment for teachers.

A number of studies (e.g. Guskey, 20Q&ucksHorsley, Love, Stiles, Mundry, and
Hewson, 2003 focusing on the critical features of PD have suggested designingeiong
researckbased PD exgiences, which provide teachers oppaities for collaborating within a
community of peers. Furthermore, it is critical that teachers gain an enhanced understanding of
content (Jeanpierre, Oberhauser, & Freeman, 2005) and pedagogy as they undergo a

transformative experience that will, (1)opv i de t hem with a Awel | defin
|l earning and teachingod (Loucks, et al ., 2003) ,
and (3) provide teachers with opportunities t
existing beliefs knowl edge, experiences with I earning ar
p. 355). As sggested byDaringHa mmond and MclLaughlin (1995), AT

readi ng, and reflecting (just as studmuts do) é
see, and exgience successful learnirggntered and learnere nt er ed t eachingo (p.
critical feature of successful PD is the creation of a support system for teachers, including



Transitioningto Inquiry-Based Teaching 287

continued conmunication with and support from the PD ifaators and participants as well as
organi zational support from school admi ni strato
of workshop ideasazempouy 2009; Banilower, Heck, & Weiss, 2007).
Thompson and Zeuli (1999) suggest that a critczahponent of effective PD is the
evaluation of such experiences. A number of studies have explored this question by focusing on

one or mor e of t he foll owing: teacher so cont
conceptions, t e a ¢ h and studlentcouteomes r Feveermstugias deshimanc e s
George, Rush, Buchanan, & Averill, 2Q00uft, 2001) have concentrated on the impact of
teacher PDonwstl e nt out comes; however, t he i mpact on t

and classroom practicee speculated to subsequently affect student attitudes and learning
(Supovitz & Turner, 2000).

Supovitz and Turner utilized survey data from 3500 elementary teachers who had
participated in PD of varying duration to examine the relationship betweemé&Deaching
practices. According to the sekported data, the extent of participation in PD was strongly
correlated with reformaligned teaching practices. Similar results indicating improved teaching
practices have been reported by other studies thittefusuggest a concurrent improvement in
teacher sd c o ([Bazlernlio9l kCatonwBrewdrg&eBrown, 2000; Loutksrsley et
al., 1998; Luft, 2001and/or core conceptions and beligfatempouy 2009; Lotter, Harwood,

& Bonner, 2007). The theoretl model, developed by Fishman, Marx, Best, and Tal (2003),
suggests an interrelated web of connections between PD and constructs such as teacher
knowledge, beliefs and &tide, curriculum, teacher instructional practices, and student learning.

Inadditon t o student outcomes and teachersodé bel

(2000) al so identifies teacherso reflections
evaluation. The literature is replete with studies that utilizereplfrted surveys, farview, and
classroom observation dat a, primarily coll ect e
knowl edge, beliefs, and actions; however, we |
experiences and reflectiomsiring PD opportunities (Hewsor£007). In his review of the PD
literature, Hws on ut i |l i zes the metaphor of f#Apathwayso t

of teacher dvelopment in science, emphasizing the need to not only consider the outcomes of
such programs, but also the courdedevelopment and the means by which these results are
attained.

Previous research has focused on participant
teaching practices upon returning to the classrooms. Such studies have indicated variations in the
i mpl ementation of PD ideas in teacherods instru
perceived or actual obstacles such as lack of resources, time, and administrator support as well as
the pressure of standardized testing and coverage of matkatlseem to prevent the
actualization of s o mesrooms$. Inthe easelofePD pajticipanteewhsdoi n t he
not actually adopt PD ideas into their teaching or do so to a lesser degree, it is often difficult to
determine whether this is due éxternal factors or if it may indeed reflect a lack of deeply rooted
changes in beliefs. Hence, there is a need for
decisions and their willingness and ability to apply PD ideas prior to their retuthet
classrooms and in the absence of the abovementioned obstacles and external factors. The current
study aimed to extend our understanding of effective professional development by focusing on
experiences of teachers during PD programs and their immaetigtiementation of newly
gained ideas. We examined participantsdé written
a PD opportuity, to elucidate the process by which teachers learn about idmpssd teaching,
formulate beliefs about teaching atehrning, and begin to incorporate these ideas in their
instruction void of any apparent or existing externalrfetence.
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Methodology

This study employed a qualitative phenomenological approach to examine high school science
teacher so0 dxquative repneseatationsa of their evolving beliefs and ideas, as
expressed in their written reflections and assignments, during -avéek inquirybased PD
opportunity at a large Midwestern university. The Summer Research Institute (SRI) was designed
around a PD model, initially developed by Middendorf and Pace (2002) as a tool for enhancing
coll ege facultyds t esussedinlgpttepeata 2006, 20873 In briefrtleev i o u s |
model calls forteacher participants to identify laarning bdtleneck a difficult concept or
process which students routinely have difficulty graspemyd work cdaboratively with their

peers to analyze and remedy the learning bottleneck through discussion asisamae PD
examined in this study was organizeadound developing solutions to the student learning
bottlenecks by providing teachers the opportunity to identify possible bottlenecks, individually
and collaboravely analyze the problem and assess what is needed to grapple with the concept,
and finallydesign annquiry-based approach to teaching it.

The morning sessions, which will be the focus of this study, were devoted to pedagogy
while in the afternoons, participants spent time in sciencdtfagltb s r esearch setting
to gain experiencand a better perspective on the process of scientific inquiry (Authors, in press).

A team of science and science education faculty and graduate students facilitated the morning
sessions.During the first week, there was an assortment of inep@ged actities and
discussions on a variety of topics including motivating students, scientific inquiry
misconceptionsassessment, as well as individual and group efforts aimed at developing a plan to
resolve partipant sdé i denti fi ed | twites and wigcusdioast immeeede ¢ k s .
participants in the inquiry process, engaged them in critical thinking and problem solving
opportunities, and promoted continual reflection on their beliefs and practices. Théyntdjo

the second week was spent on imdiial presentations of lesson ideas followed by disitun

sessions focused on peer and facilitator feedback and questions about the proposed plans
(Appendix A).

Participants

The participants included 21 public high school science teachers from a@atatd) including

5 male and 16 female teachers. Table 1 and Tabl
of teaching experience and science subjects typically taught. Seven teachers possessed or were
workingtowardaMa er s6 degr e

Tablel. Paticip a nYear®of Teaching Experience

Years of Experience Frequency
1 1
2-5
6-10
11-15
16-20
21-25

A W 01 N
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Table2Partitpant s6 Teaching Assignments

Science Subject Matter Frequency
Biology/Life Sciences 1
Chemistry 2
Physics 2
Astronomy/Earth Science 1
Combination of 2 or more subjects 5

Data Collection & Analssis

To better under st an dduripgathet PDc exgedence, swie foeused @1 i e nc e s
participant written words and reflections. We collected and analyzed ses@wates of
participantsé written artifacts including each
sessions, daily written assignments focusing on questions related to the topics of discussion
(Appendix B), and final written plans describing lessar unit ideas they had developed to
addr es s s tultydith the lsotlenatk cbricdpts.

Data analysis consisted ofrpsing through the written artifacts and identifying sentences
and phrases referred to as @9i grhiafti ccaanptt ug tea tpean:
learning experiences and ideas. Next, we developed themes around the key ideas represented in
participant statements. To ensure further triangulation, the two authors firstliradly analyzed
each source of data, compilemrsficant statements, and developed themes. Afterwards, the
authors held several joint sessions to discuss and refine the recurricgpaattstatements and
emerging themes.

Results

The findings will be presented in two sections. The first will fooosemerging themes about

pat i ci pantsd ideas and reflections during the P
final pl ans and emerging themes with regard t

implementation of PD ideas in their plansnalysis of the reflection data revealed recurrent
statements within participantsdé written artifac

Theme 1: Enhanced Undstanding of the Nature of Scientific Inquiry

On the third day, participants corsfdd aseries of activities and held several discussions on the
topic of scientific inquiry. Participantsdé refl
drastic modification in their understanding of the process of scientific inquiry as they began to

develop a more accurate and encompassing concept of the process. For instance, almost all
participants refrenced their newly formed understanding of the process of science being more of

a cyclical and intertwined series of activities rather than therlimeael of the scientific method

they had learned previously and continued to teach in their classrooms. One participant

comment ed: it was fascinating to discuss that
actuality follow what we all experience (bothe acher s and scientists). I
process as it seems. 0 ( Sad ®&seating the @rocess oftsdientific 3 ) An

inquiry REALLY helped me understand the thinking process of true science. Although | knew it,
the dissectio made the unconsciousrescious (Deb, Reflection 3)

Furthermore, participants suggested recognizing that in teaching science within the
restrictions of the | inear scientific method,
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experences and dejved them of opportunities to engage in a more realistic process of scientific

inquiry. About two thirds of the participants further alluded to havingtnecmore consciously

aware that because of their @Acontrocessthbughi ocus o
which that content and knowledge base has been derived is often ignored and also not made

l ucent for the studentsodo (Amy, Reflection 3).
statements:

| liked seeing how inquiry is not lineaBSo often we think in terms of the
fScientific Methodo which is Ilinear t hat we
around. o0 I n our classroom we use what we kn
when we donééte. know i n sc

More than half the teacherslreé ct ed t hat traditionally they
doing things right and getting the right resul
learning frommistkk e s . 0 (LynnBolRe&hdcobtberd)reiterated L)y
significance of allowing students to experience scientific inquiry and begin to appreciate the
i mportance of imaking mistakes and not seeking
emphasi zed that teachers shoul d rushingtaemmgdtr om Agi
correct answers all the timed since in reality
everything in science wild.l have a right or wr ol
that teachers should focus on encouraging thdests to communicate with each other as is
practiced by scientists, and allow them opport
than be expected to carry out confirmation | abs
attributedtothei own experiences during the workshop as

| realized today that when we all came up with different experiments and results it
was okay. Actually | thought it was good because it showed all the different ways
people candok at one question. It was like each group was standing at the bottom
of the same pyramid looking at different sides. | feel this was a very important
realization in that from now on when my students come up with different ways of
looking at something | W start asking questions back to them instead of
answering theirs! (Danielle, Day 4)

In general, participants embraced the +rawdlitional model of scientific inquiry they
were intoduced to in the workshofhey showed excitement and determination talifiy their
teaching practices to better reflect the more realistic model of the process of scientific inquiry in
their classrooms. Several stated that this mode
but woul d pr obabl ndibldaen dii aa pnporroea cchoanbpl ree hneo d e | for
Day 3).

Theme 2: Evolving Ideas about Teaching and Learning

Examination of the participantsdé6 daily reflect
ideas participants began to formulate about teachmlearning in general and in particular in
the context of science.

Importance of motivation One of the earliest and most recurrent concepts that
participants alluded to was the importance of motivating learners. Early on, one of the
participants, Tina r e f | e c érestiohg to hedr that thes undentying feeling is how do we get
our students interested and motivated?0 Anothe
ifSomeone said that students ar e | untlttheygacei ng t hr
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grown up when they can do something IMPORTANT! We need to motivate students and show
them they can do i mportant t hings NOW! &6 Two
importance of motivation or as critical routes of motivating studentsded: 1) utilization of
inquiry-based, instead of traditional, teackentered, instruction and 2) contextualization and
relevancy of the concepts.

Inquiry -based teachingAs early as the first day, participants reported having developed
a more accuratand informed image of the process of scientific inquiry and induased
teaching, which they noted should be implemented in their classrooms. For instance, after a
demonstration on the second day, in which they went through a series of questions and
discussions regarding the dilemma of a baked loaf of bread that had failed to rise despite being
baked in the same bread machine as another loaf that hadsfultgeisen, participants noted
gaining several ideas: 1) inquibased teaching does not neces&rave to include handsn
activities or involve numbers; 2) it can invol
processes are equally possible through question
2). As illustrated in the followig statement by Jenny, participants also stated feeling increasingly
more comfortable with adopting such an instructional approach and anticipated the
implementation of this approach upon their return to the classroom.

I't was nice t o tbdoal inquiry imthe ldbosatiing! | diways e
thought inquiry had to be really complex and something | was not able to do or at
least not in my classes. So far | have a good feeling about inquiry teaching in my
classroom! | should be able to implemenstini my 90minute classes! | am excited

to learn more.

Relevancy of learningThe other idea developed closely with the two aforementioned
ideas was the importance of contextwualizing stu
to them. Reflectingn their own various experiences during the PD, participants discussed how
they themselves were more interested in the learning when it was relevant and contextualized.
For exampl e, at the end of t hewithhowsteestddaly , Bob
became with a seedb6s structure when described
making. | am quite sure that | will retain this knowledge better because it was associated with my
exi sting Ratigpantsifughercseggested th&t Bomponents, such as the bread demo,
also allowed them to realize the significance of engaging the students in the learning. More than
two third explicitly indicated an intention to use some form of a hook or engage activity to
enhance stuBentsb@staheeegsKathy commented on anc
an engaging context in the unit plan presentation.

Context is so important. How brilliant Jaime was to begin with chiggers. We were

al | guite engaged becawdsef adt drhaftor Kamyt Hiong
should they care? There are 30% of the kids who pay attention to anything and

probably 20% who never care. Hitting the right hook is critically important for the

middle group and maybe every now and then will get ones who aitmadmit

they care. (Reflection 7)

Moreover, participants indicated recognizing that simply using a discrepant event or a
hook, wthout contextualizing the | earning or approa
in the real world into our classrocs 6 (Jacki e, Day 9), woul d be i
st ud e edstsadd learnirtg.
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Biology is relevant because most of what we discuss happens in THEM (students),

but that i snot enough to make them care. Fi
Sane of the ecology suggestions actually can be used as themes in the
cellular/chemistry/homeostasis standards. It will take some more investigation,

imagination, and creativity on my pafKatelyn, Reflection 3)

Consistent with their newly gained understang of inquirybased teaching, some
participants, such as Heidi, suggested that developing thematic, Hhasieyd units around
studentsd own questions and areas of interest r
connectionso.d dié&ea pdrtigipantswliscussed ihaw thematic, contextualized
teachingd ows f or more depth and breadth fAunder the
Reflection 3), rather than developing isolated lessons as many teachers admitted they had
previouslybeen doing.

Evaluating learning. In addition to gaining ideas regarding instructional approaches,
participants also reflected on becoming familiarized with the appropriate assessment strategies in
an inquirybased classroom. The focus of the PD sessiorassessment was on a variety of
formative assessment ideas; however, the discussions also included various forms of summative
assessments as well as the importance of di ag
knowledge and experiences. Particigameflected on gaining familiarity with a series of
formative assessment techniques that they could utilize in theraass and emphasized the
importance of utilizing these means of evaluation throughout the learning process rather than at
the culmingion of each topic or unitVi c ki for e x a mp lfrestrateddwits c us s e d
student perfomance at the end of the unit. With use of these formative assessment techniques |
will be able to detect and contend with the stumbling blocks that my stumlentspping over
right away r at (Reflecionhdan at t he end. 0

Based on their reflections, almost halfofth@a r t i ci pants corroborated
and eflected on their reliance and overemphasis on summative exams and coverage of course
topp cs, without rarely fAchecking where my student
their computational progress but not necessar.i
Teachers appeared to have also become cognizant of the significanseofe s si ng st udent s
understanding and experiences in order to more effectively facilitate their learning. Furthermore,
they connected the discussion on diagnostic assgs to an earlier discussion on the topic of
student sé6 mi s c oedernalleithe stgdents modecdgriize their @rior conceptions
and possible contradictions that might exist between those conceptions and the scientific
explanation.

Students fAinvento concepts from data/inform
belief structure. Often this assimilation involves direct contradictions with their

preconceptions. | have learned how important it is to understand their prior

conceptions, allow them to reflect on those conceptions, and facilitate the

assimilation proces¢Bob, Reflection 3)

Theme 3: Initial and Evolving Ideas about Students and their Learning Difficulties

In the early stages of the PD, participants were asked to identify a learning bottleneck, a
particular concept students typically seem to struggle witk.fibst commonly cited bottleneck
concepts included projectiie motion (physics), stoicheometry (chemistry), and
photosynthesis/respiration, protein synthesis, evolution, biochemistry, and mitosis/meiosis
(biology). The anal ys nmentoand réflacdonsirevealked factors thdd day s ¢
the participants initially contributed to stude
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factors may be divided into three categories: studgated factors, contemnglated factors, and
miscellaneus factors (Figure 1).

14
12 1
10

s 8

=

s 6

=

e 4 1

=
i I
0

thinking skills
Abstract natureo of
concepts
Lack of relevance -
Language obstacles -

Students not reading
material
math skills

Students' lack of critical

S
o
=
E
3
—
3
z
=<
2
a.
g
(=]
(&)

Pressure for covergage of
content

Students' lack of reading &
Lack of instructional time

Factors

Figure 1.Initial ParticipantPerceived Factors for Students' Learning Bottlenecks

A majority of teachers (n= 17) cited explanations that focused on the students. Several
(n= 5) mentioned that the problem stems from studeatsreading the text or not doing so
carefully. Some (n= 13) di scussed studentsd | a
and their inability to focus eweptually because of their narrowed focus on the details. They
stated that students oftem&s do not stop to think especially when they are dealing with
concepts that involve complex multiple steps or patterns. Finally, a number of teachers (n= 8)
mentioned their studentsdéd | ack of reading and
learning in those disciplines to science.

The participants focused equally on the bottleneck concepts, referring to the nature of
these cacepts as abstract, n@oncrete ideas that made them especially difficult to visualize or
comprehend by the students @=Furthermore, some (n=11) alluded to the complexity of the
concepts and the plethora of terminology often involved in the process of understanding them.
Some of these concepts, as one biology teacher
within systems which are especially challenging to comprehend. My students need to understand
chemistry to understand chemical reactions and
(Katelyn, Assignmentlpar t i ci pants (n= 7) tdkefoelevhncs teals sed t h
or perceived) to studentso6é |ives, which | ead t
concepts. Finally, in addition to the abundance of terminology, one third of the participants also
referred to the obstacle of langymthat exists with some terms, such as adaptation or theory, that
are used differently in science than in everyday language, creating further confusion and
difficulty.

Other than the reasons cited in the previous two categories, more than one half of the
participants (n= 12) also mentioned lack of time and consistent pressures to cover material and
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prepare students for tests, as ot her possi bl e
understanding the material in depth. Absent from the factidesl by the participants as
i nstrument al in studentsdo difficulty with the b

and their nstructional and possibly management approaches. The overwhelming focus of the
participants, in explaining the battiecks, was on the students and the concepts.

As they progressed through the PD experience, their reflections and assignments revealed
a shift in participantsd perspectives as they b
rather than the facts mentioned above. Teachers reflected on the importance of providing
students with opportunities to develop critical thinking, problem solving, and analytical skills as
well as encouraging them to pose atifec questions.

Today | realized the importas of using activities and ideas that will evoke
meaningful thought processes. We discussed how to develop the skills to interpret
the information they will receive in life and the importance of analysis. Students
need to be taught how to use good crititehking skills to make good valuable
decisions(June, Reflection 5)

Admitting that students are often accustomed to viewing conceptsritiocally and
seeking $weorsroectt ha&n participants emphasized the
learnirg experiencesOne partici pantodés reflection, on the ¢
breakaway from giving up easily and looking for the correct answers, particularly stood out.

To ask questions is the central hub upon which the wheel of sdigmee | aspire

to model to my students that to a scientis
beginning of a journey, not an end, as they so often pregiMaeessa, Reflection
10)

Teacherso recognition of the wkdngpozesses, t hi nki
and promoting such processes in the students was evident in various reflection entries.

It was good to dissect how we think, because this really needs to be modeled for

our students. It is disconcerting and frustrating to think thatsourudent s havenot
had a sense of wondering and questioning about the world around them before we

get them. So we need to constantly model that for them and put them in situations

where they have to think and question. (Katelyn, Refle 3)

Afourth of the participants also remar ked 8
t hought processes and | ooking at ideas from a
what t hey do (Susan, Raflatttbe2) st and. 0O

Finally, the participarst commented on how a contextualized, ingiaged instructional
approach in which students are encouraged to think critically initially requires an emphasis on the
conceptual understanding of the processes and ideas before the relevant terminology is
introduced. Participants reffied on their own individual responsibility as teachers in developing
creative inquirybased learning expernces and facilitating students
seem apathetic t o their | e abrondii nregs. oMahmrees st if
sentiments regarding the significance of the development of critical thinking in students.

Creating a more student centered environment that allows for investigations,
discussions, analysis, and so forth produces a climateevghalents become more
accountable for their own learning. Students perform at a higher cognitive level
when they are engaged, when they are-rselfivated and when they become
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responsible for their own learning. Universities want students who can tlubk, n
simply memorize. Students need to know now more than ever how to research,
how to distinguish between reliable and unreliable sources, how to discriminate
between science and pseudoscience, how to analyze, and most fundamentally how
to think. And this $ true in real life too. So the teacher must act as a facilitator and

a as a resource for students, not merely as a disseminator of rate facts

Theme 4: Significance of SelReflection

Beginning midway in the PD, participants began remarking on the tngbdbe daily written
reflections and opportunities for reflecting on their views and teaching practices both individually
and in groups during the morning sessions. Their comments indicated an awareness of the
importance of such reflective actions in rimekexplicit some of their beliefs about the students,
the learning process, teaching, and the nature and process of science inquiry, as well as,
enhancing their awareness and scrutiny of own instructional practices. As one participant put it,
thereflectbons served as plhcdeach paticipaatdnha positiom to reflect on
his/her teaching method and articulate it in a comprehendible manner for the other participants.
I'tds an eye (Map&dleetionl) n it sel f. 0

As a consequence of refiting on their teaching practices, participants identified several
elements that were absent in their teaching such as the use of engaging hookscettelemut
inquiry-based leaiing, student questioning, and use of outdoor resources, as have bded tlu
in the above sections. Bobds comment (day 2),
al ways talking?0 echoed the concerns of a numbe
dominant role in the classroom and the lack of student involvearehtaction in the learning
process. Dan and others reflected on the fAneed
give meaning to the topicsé to create some si
s c i e (Reflectian 4) Majority of the péicipants remarked on their newly gained sense of
appeciation for what their students feel and experience in the classroom. A number of teachers
extended this to reflecting about the current state of science education and possible restructuring
of school science. For instance, upon hearing the biology related lesson ideas during the

participant presentations of their plans, Susart
not have to wrestle with the compiggs of biological processes. | am nogcognizing why the
argument for moving biology to more upper | evel

There were also statements regarding a newly gained sense of excitement and passion
about stence and science teaching. Almost all participarigessed enthusiasm and eagerness
about employing their newly gained understanding and skills in their classrooms and
transitioning to inquirsbased teaching. A number of participants discussed a newly gained

interest in At appi dlgarningdpportunities ahabreaking avaydramtbee s a n
confines of the classroom walls and textbook driven activities in order to generate awareness,
open discussi on, writing and reflection. o0 (Bon
objectstostuy sci ence indirectly. o (Jack, Refl ection

on their previously limited focus on individual standards and isolated textbook chapters in
contrast to their current intentions to emphasize a thematic and contextualkteictional
approach.

Todayods outside ecology Al essono is somet hi.
realize that | am so focused on classifying lessons by units that ecology gets left to

the end. Why not incorporate ecology throughout the year thrthm questions

students ask after their outdoor observations? It was frustrating today not to be able

to ask more questions. My mind wasndét open
students. Much practice will be needégatelyn, Reflection 5)
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Theme 5:Contemplating Possible Challenges on the Path

The analysis of the reflection data also revealed a small nhumber of initial concerns and
confusions as well as challenges participants envisioned facing upon their return to the
classrooms. Early on, two ofdah par ti ci pants expressed understan

inqury-based, 06 but Anot feeling quite comfortabl e
Neither of these participants raised this issue in subsequent reflection entries and one later
reflec t e d, At he more | see it work the better my ¢

several other comments regarding the need for further practice and greater attention to the details
involved in implemating inquiry-based teaching in the classmogetting. For instance, Katelyn
expressed possible difficulty with deciding on the amount of guidance to provide students in the
process.

It was interesting to do this activity with someone who was fairly clueless about
what to do today even though wesmg all science teachers but teaching different
fields of science. Similarly, students often just stare when given-emeded
activities. Judging how much information to give or withhold will be the challenge.
(Reflection 4)

Almost every reflectionentrf ocused on the individual 6s own
making changes to pexisting lessons and instructional practices. Several participants initially
expressed feeling Aa bit overwhel medo at the t|

curricul um, 6 but gaining a greater sense of comfor
hearing comments and discussion points about taking it in strides and making changes here and
there as | move forwardo (Vicki e,finDadpals9) . As
expressed similar comments as Vickie and acknowledged that the transformation must be a
gradual process, with Asmall modi fications al
necssary or even f easi bl aingfandacurricidumn annope seénfester or e n't
year . o0 (Jayne, Reflection 6) This knowledge b
those who had earlier conveyed concern about their ability to undertake such a seemingly
colossal task. Dealingwitht udent s questions, the | evel of gu
the | earning process, and countering student s
possible concerns and challenges that were discussed by several participants midway in the PD.

on
ir
ro

This makes me think of my students who have been in the public school system.

They want the right questions and the right answer. | like to adopt this activity in

my class, but there are logistics to work out. What do | do with the kids who want

togettt Ari ght questionsod or want the Arighto
beyond that is equally wrong? What to do with the ones who will goof off? Of

course | hope that inquiry will expand their thinking but how do we prevent

irel apsedo? (VBnessa, Reflection

Finally, a small number of participants, including June, reflected on feeling restricted by

ithe schoolsd overemphasis on test preparation
teachers go unheard. 0 They di ®xualiges teachingander st an c
the relevance of some topics more than otherso
ifeeling constndardedabg temeingtaSo even if we
happening in our c lbassstréo ocanpsp rnoaayc hrecst, bwve dtshe eac
the rules, which is unfortunate. o (Reflection

which alluded to possible difficulties and challenges within the structure of the educational
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system,expes ed wi |l Il i ngness and interest in dapplying
(Laura, Reflection 6)

Theme 6: Effective Features of Professional Development

Participants frequently reflected about the im
growth and new outl ook on how | approach teachi
the i mpact of the PD in Achanging our mindset a
on teaching. o6 (Katelyn, Refltictieoh ®©Ohe ABRIL has i

valuable PD workshop | have ever attended. Too often PD programs are lost in a whirlwind of
information being presented. The SRI provided opportunity for professional growth through
collaboration, lesson development, peedbee Kk and i mmer si ve activities.
number of PD features that were cited as signif

Teachers as active empowered participands.number of teachers discussed feeling
fi e mpeo evd 0 Aapprigecispteecd ®,ddamd wor kshop particip
participants such as Bonni e, expressed gratit.
opinions and treating us as professionals each of whom possessed a level of expertise to
cont r i Iswasenairly inlrdference to the wars small and large group discussions during
which teachers discussed, among other topics, thesratan teaching experiences, issues faced
within the classroom, and their PD experiences. However, feeling empowetedlaed also

extended to their involvement in al/l aspects o
presented i nformati on and instructed on what

Reflection 10) They reported that the firsthand expegewith learning through inquiry allowed

them t o: 1) have a fAdAbetter understanding every
constraints, and be able to facilitate this tygyg
have a better sensé how their students might experience and think about the same phenomena,

and 3) become more convinced as to fAwhy | shou

because | became curious and interested in what we were doing and feel students wauld too!
(June, Reflection 1)
Another closely related aspect of the workshop that participants found valuable was the

facilitatorsd mod eHlased igstruction daring teec choseneactivitiasqgand r y
discussions as well as the emphasis on scieramesgs skills while demphasizing lecture and
teachercentered instructionKi r k 6s refl ection (Day 8) bel ow, e

partidpants about the value of the modeling of inqdiased instruction and the discussions that
ensued focusing atme various aspects of inquibased pedagogy.

Rather than telling us what inquibased teaching iss is often done in our staff
development workshop sessions, the facilitators modbkdior us. We got to see
how they engaged us in a topic, involiveis in inquiring and askg questions,
interacted withus during the process, and prompted us to communicate and
collaborate with one anothdt.was very helpful for me to see this on a daily basis
so thatl can see this in practice ahdpefully be abldo do the same in my own
clasroom.

A plethora of activities such as the bread demo, enzyme activity, and outdoor question
forming activity provided the participants with opportunities to witness and experience 1) an
emphasis on process skills such aseggioning, making observations and inferences, and
collecting and aalyzing data as well as 2) features of ingtiigsed instruction such as engaging
students, posing questions, ongoing assessment of student learning, application of classroom
learningtost udent s 6 | i-dvivers teachefacditated] tdiscdssions. The discussions
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that foll owed all owed participants to fArefl ect
t hat I may hnot be alone in my sefficacypfgthees 6 ( Luc
instructional practices, and begin to consider
classo (Deb, Reflection 6).

Community of teachersParticipants noted the effectiveness and value of the discussions
and cdlaborative effor$ that occurred both at the small team and whole group levels. This was
especially applicable in their work on bottleneck concepts and drafting plans for developing
lesson and unit ideas. During the early phases of analyzing their bottlenecks, partiggrants
able to assist each other in recognizing the possible areas that students may have difficulty
grasping or obstacles that typically interfere
participants reflected on the value of discussing theitldseecks with people outside of their
field who would be in a similar situation as the students. They commented on their own inability
to step outside of the fAexperto box and think f
talking with a peer andiscussing their usual instrugbhal approach, they were able to receive
constructive feedback or questions that allowed them to recognize the details they were
overlooking or assuming in their instruction. For instance, Bob explained how the group

discusi on had assisted him in realizinnvwlenfitthow our
what our studentsd understamdi ndaits .AmyHes t wale na
resulted in evaluati ng "fawas oppeskta évaluatmg theffoocesc e s i n
themselves, 0 while Jocelyn who was in Bobdés te

t hat Afvocabul ary can be part of the road bl ock
biological concepts such as protein synthesis.
The same was true in their discussions with the main workshop facilitator, Dr. B, whom
theymet i oned could easily relate to their- experie
maj or s 0 ptachtilem phinkooot loud about their thinki@igatelyn, Reflection 5).During
the presentation of their plans, teachers further received extensive feedback from their peers and
the facilitator. These sessions were equally valuable for the participants by allowing them to
critigue one another in a constructiveamner in order to support and assist each other in
improving their lessons. Overall, the discussions about the bottlenecks allowed participants to
Airefl ect on own teachingdo and recognize the mi
been ovdookedor not addressed adequately in their classrooms. The consensus view among the
partdpant s was that the bottleneck discussions we
things from a whole different angle. o (Katelyn,
Finally, participants comiuously referred to a sense of collegiality and community that
had been developed throughout the PD. As early as the first session, participants reflected on
feeling a sense of Acomforto and Asupport o, as
redized that other teachers are facing common issues such as difficulty motivating students,
feeling restricted or pressured by state tests and standards, and getting students to understand
some of the main concepts, which they began to identify as botteeiéey also found the peer
connection valuable because they could Il earn fr
Reflectionl). The discussions about their bottlenecks and other workshop topics, both at the
small and large group levels, allowedricipants to exchange and generate ideas to take back to
their classrooms. Participants, s ucity ofale S am, [
group and the insights everyone shared. o0 Parti.i
support,encouragement, and consistent motivation in overcoming their bottlenecks as well as
other instructional issues they were facing. They were appreciative of the support and
encouragement they received from their peers and indicated an interest in prebes\sogport
system during the academic year for encouragement and developing further ideas (Tina,
Refl ection 9). Many anticipated 0 mgwotkshopg agai no
to discuss Ahow we are eaclbr oiompsl.eome(nSuisnagn ,t hDeasye



Transitioningto Inquiry-Based Teaching 299

Implementation of PD ldeas into Teaching Plans

The second week was devoted to participantsd pr
learning bottlenecks. The final drafts of their plans, with the exception of fouréhateither not

submited or extremely brief to analyze in detail, were analyzed in order to ascertain possible

patterns in terms of instructional approaches evident in their plans. Table 3 highlights the four
categories (profiles ) that emerged intesn of teachersd I mmedi ate i m
ideas in their plans.

On one end of the spectrum, there were two teachers (profile A) whatedliacluding
more activities and discussions in their plans, but they were still initiating their lessonsewith th
coverage of terminology and background information. It appeared that they were using the
activities and the discussions to merely assist studenteptualize the meaning of the terms.
An example of this was Jocelyn who wanted to help her studentsstartt&dihybrid Punnett
squares and making probability predictions for various types of crosses. The summarized
description of her plan in Table 3 indicates that she wagested in engaging the students and
i ntroduci ngnmo rae t i hvaantihgedto fochswn praviting students with the
terminology and background information before they had a chance to actively explore the
concept on their own along with teaclirected discussions.

The next category of participants included five teasherofile B) who focused on a
process, such as protein synthesis, and simply tweaked their approach without contextualizing the
learning or albwing more student inquiry. An example of this was the idea of simulating protein
synthesis by having studentet out the process in a play written by the teacher. These
participants did not discuss any type of engagi
the concept and simply used the play to allow students to visualize the process, which may be
abstact to many.

Profile C, the largest category, consisting of eleven participants, provided a good context
for their lessons, but chose a more guided inquiry approach. For instance, Katelyn began her
protein synthesis lesson with a video clip discussimgithpact of incorrect protein synthesis
resuting in the TaySachs disorder. She suggested asking students a series of questions about the
video and as review of what they have | earned ab
can DNA direct productio o f pr odeentnss 2wo wWSItd wor k i n teams to
could translate a message using 4 symbols into one using 20 symbols and creating a message and
testing it whiswouldbe folowed with a small discussion and anotheresiud
activity wutilizing puzzle pieces to simulate th
amino acidso which they would then present t o
appropriate use of a fAhooko atserieseohqguestioas andh e st u
discussions, interspersed with activities, during which students model the process using
manipulatives.

Finally, there were three teachers (profile D) whose lessons or units utilized strong hooks
to engage students in the leaiand included more open and student driven inquiries. An
example of such a plan was Bonnieds | esson ide
She began her lesson with a problem, which served as a hook and then allowed the students the
opportunty to design experiments and discuss with their peers in an effort to better understand
these two interconnected processes. Another example of a moreeapehe d i nqui ry was
plan in providing the students with an opportunity to have a better undklistang o f Newt ono
third law. He also began his lesson with a challenge to the students which was followed by
several rounds of student designed investigations and class discussions to generate conclusions
regarding interaction forces. Excerpts from bothnepdes can be found in Table 3.
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Table3Teacher Profiles Based on Differences

Profile  Frequency

Instructional Approaches ent in the Bottleneck Plans

A 2

Include more activities and discussions but initiagsons with coverage

of terminology and background information

Excerpt from Joycebs pl an:
Students will first discuss and identify their own traits. The
guestion of inquiry wild!l be
there will be discussion about ifitance. This would be a good
time to introduce the terms they will need to know. This time |
wi || help them remember ter
technique. What | will do differently, will be to introduce some
manipulatives that students wlile able to physically move
around and pair up.

Focus on a process (ex: protein synthesis) with simple tweaking of a
proach without contextualizing the learning or allowing more student

inquiry

Provide a good context for lessons but a guidegdiry approach during
student exprations

Utilize strong hooks to engage students in the learningrehdle open

and student driven inquiries.

An excerpt from Bonnieb6s plan:
The students will model the relationship when they design an
experimento better understand what is occurring within each
system: a fish bowl! with water and Bromothymol blue, a fish
bowl with water and goldfish, a fish bowl with water anddela,
and a fish bowl with water, goldfish, and elodea. By allowing
them the freedorto design their own experiment | am providing
them with the opportunity to explore all of their ideas on how 1
keep the fish alive which will help them to connect to the two
processes.

An excerpt from Bobds plan:

You have recently been hired by Alcoa alinis marketing an
aluminum alloy as a lightweight substitute for steel in the bodi
of several models of cars and trucks. One of the marketing cl
will be that this alloy is more resistant to permanent deformati
than steel. The metal deformationidion has engineered two
heavyduty straingauge force sensors that can be attached to
vehicles to measure the force that each receives from the oth
both elastic collisions and steaftyce situations. You need to
know how these forces will compareall expeiments involving
the new Hoy.

Although there were variations in ProfleA\6 s appr oaches, common
partiaul ar 'y evi dent across profiles. One feature
plans, was theuseofsofmfeo r m of a fAhookodo or engaging
interest and draw their attéom to the lesson or unit concepts. These hooks included showing
video clips, using demonstrations or discrepant events, and posing problems or stepayices

acti

Evi

f

Vi

(SIe

t
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studentsd interests and focus their | earning.
video clip from the movie Road Trip and posed
vehicle over a river bed like the example we watched intheime 7?0 She wused the cl
the students and challenge them with the above problem that would guide the remainder of their
learning experience. As another example, Katelyn began her lesson on protein synthesis with a
video clip fromthéeCeaaeE owhig rfargsddaom possible adverse
impacts of errors in the process of protein synthesis as with the case of Tay Sachs. Bonnie
initiated her lesson on photosynthesis and respiration by challenging students to address the
problem of keepig fi sh alive in a fish tank at a mini é
thinking about the relationship between plants and animals and serve as an introduction to these
t wo concepts. o (Assignment 8)

Throughout their lessons, participants focused mwvigding students the opportunity to
collect and analyze evidence. Most (with the exception of profile A participants) suggested use of
journals by students as a continuous evidence collection tool as well as a means to analyze their
observations and refte on the process. A number of participants also referred to incorporating
components in their lessons that would encourage students to apply their reasoning and critical
thinking skills to explore patterns within their data. Another common feature wakhhsion of
norttraditional means of instruction or assessment including the use of plays, songs, and poems.
For example, two of the teachers who focused on protein synthesis as their bottleneck utilized
plays performed by students to demonstrate thewscomponents of the process.

Finally, almost all of the submitted plans, across the four profiles, included a directed
focus on questioning and discussions as tools for facilitating and assessing student learning. In
some of the plans, the discussiomsre more teacharentered while in others the discussions
focused on sibns dnd findirg® anceteaphkerdacilaated connection of student ideas
to scientific concepts. Regardless of the type of lessons, teachers included numerous questions or
made reference to asking questions during the learning process.

Discussion and Implications

Previous studies focusing on PD in science education have highlighted the impact of PD on
teacherso beliefs, k n o wl Kazbrgpoyr 20GOnLdtterteieal 2006) ng pr a
which have been suggested to be associated witdt
et al, 2003; Supovitz & Turner, 2000). However, these studies have focusedpospo often

post PD only analysis of partit a n tele®, urdderstanding, and practices through the use of

surveys and interview#\ number of studies have reported effective features of PD as identified

by participants through sedéported surveys conducted post PD (Banilower et al, 2007) or the
metaandysis of PD studies (Blank & de la Alas, 2009). This study aimed to extend our
understanding of effective professional devel o]
development of their beliefs and understanding, and their perspective on effeatipenents of

the PD, as communicated by them through their written reflections and assigroeintgthe

PD process.

PD Experience and Teacher Development

Building on previous research, our findings further revealed a web of interrelationships within

and between (1) participantdent i fi ed beneficial programmat i ¢
experiences, (2) pcesses of personal, social, and professional development (Bell & Gilbert,

1996), and (3gvolvingconcepions and beliefs (Figure 2).
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Figure2We b of i nterrelationships between program

experiences, and the processes of personal, social, and professional development.

Personal development ef er s t o teachersd recognition

problematic areas in their practice and gaining an increased sense of empowerment to deal with
the problems during the process of teacher development (Bell & Gilbert, 1288Y. on,

a

participants experienced per sonal daningl opment
bottl enecks and possible reasons for students

progressed through the PD, they shifted to identifying themselves and their teaching practices as
influential factors impacting student learning. They reflected the inefficiencies of their
classroom instructional approaches which they viewed as highly structured, tdiaetied, and
void of elements, such as the use ofagiigg hooks or encouraging student questions, that they
had come to view as crucial tacs for successful science learning.

Additionall vy, Bel | and Gil bertéos mo d e |
professional developmeas they assume the role of learners (Dasttlagnmond & McLaughlin,
1995), fully cognizant of the unfolding chaesgand development in their increasingly articulated
and reflective beliefs about science instruction, and find it necessary to implement the newly
gained ideas in their teaching (Hewson, 200Rarticipants discussed the importance of
motivating studentdy engaging them in inquifpased, studertentered, contextualized and
relevant learning opportunities. They were able to gain a more accurate and informed
understanding of inquirpased learning and indicated a sense of comfort and enthusiasm in
implemerning such pedagogical approach in their classrooms. A number of the participants
discussed a shift, from a simple focus on coverage of isolated standards and topics through
disconnected lessons, to aiag thematic and contextualized units that would emzass a more
meaningful and interconoid web of concepts.

Another example of how the teachers undervpemsonaland professionaldevelopment
during the PD was the major dissonance they experienced (Thompson & Zeuli, 1999) upon
recognizing that the liree scientific method that they had learned and continued to teach is a

(1¢



