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Abstract

Learning modeling-based scientific inquiry (MBl)nrche a challenge for educators and students alike.
Teacher educators have used various approachesrienges, and tools to aid in preparing future reme
teachers to use MBI in the classroom. However, @mwitious vision of practice remains elusive foostn
science teachers. This qualitative case study iigagss the following research questions: (1) W4rat how do
participants learn from immersion in an authentadeling-based ecology experience that is intenddaktboth
a science experience and a science teaching expe?ig2) What are the unintended consequencesuwifig
that is situated in modeling-based inquiry for pesvice teachers? Findings from this study indidtet
authentic inquiry experiences, if too far-removedni teachers’ prior or future classroom practicd| mot
transfer easily to a teacher’s practice. Furtheemar short-term experience engaging with scientfisight
emphasize science content and obscure the instiéd@us on science teaching practices. Findimgmfthis
study can inform science teacher educators ab@utatfordances and limitations of situating learninga
modeling-based inquiry community of practice.
Keywords: modeling-based inquiry, pre-service teachergras teacher education, ecology education

1. Introduction

While modeling-based science curricula and modebiased inquiry instructional approaches show prerfos
providing effective learning experiences for studemost science teachers have not experiencedyfrasof
inquiry as students in middle school and high sthiootheir teacher preparation courses, or asofepsional
development opportunity (Schwartz, Lederman, & Goad; 2004; Windschitl, Thompson, & Braaten, 2008).
Specifically, during undergraduate science courskuwenchers often experienced “‘doing science’ dhhpugh
highly scripted laboratory activities and lectuvgsere instructors rarely discuss in explicit tefmosv science is
done” (Windschitl, Thompson, & Braaten, 2008, p1B1Although some pre-service teacher methods esurs
and in-service teacher professional developmerdgrpros attempt to inform participants about modebaged
inquiry, intervention courses that teach about saghiry have so far been only partially succeséiindschitl,

et al., 2008). Not all teachers who learn about efing-based inquiry will effectively implement thidagogy
in their classrooms. Windschitl et al. (2008) cotehat preparing educators to teach with modebngot as
straightforward as it may seem. Because of a mradhtional science background, many science teadcerill
prepared to incorporate modeling into their pedggaagd successful models of how to teach modelagetd
inquiry are needed (Harlow, 2010; Windschitl, Thamp & Braaten, 2008).

This study reports on a course that was speciicadisigned for participants to engage in modeliagell
inquiry under the guidance of a science teachecadu and a biologist who collaborated in the depsient
and instruction of the course. Over three weeksirsm participants engaged in first-hand modelingeda
inquiry experiences focused on central questions¢rapical ecology. The course began with four days
coursework in the U.S. followed by an immersionerignce in Costa Rica with participants workingnaiside
research scientists. Taking this promising immersaperience as a case study, we examine the folijpw
questions: (a) What and how do participants leaomfimmersion in an authentic modeling-based egolog
experience that is intended to be both a scienper@snce and a science teaching experience? (b} svbdhe
unintended consequences of learning that is sduaiemodeling-based inquiry for pre-service teasfer
Findings emerging from this study may help otheerste teacher educators problematize modeling-based
inquiry experiences for pre-service and in-sert@@ehers prompting further consideration of hove¢heontexts
do (or do not) situate teacher learning in a conityiwf modeling-based inquiry practice.

Windschitl, Thompson and Braaten (2008) call fowvay for learners to engage with content and prestiof
more “authentic science...[through] forms of inquirgsed on the generation, testing, and revisiorciehsfic
models—i.e., modeling-based inquiry” (p. 942). Minlg-based inquiry is a specific form of inquiryathaims
“to test an idea—represented as a system of refaterbsses, events or structures—against obsergdticthe
real world and to assess the adequacy of the N (i.e., model) against certain standardgh(schitl, et
al., 2008, p. 313). This study is based on a gufdeu of inquiry that asks participants, as parttadir course
projects, to develop learning goals that requidea@p understanding of key disciplinary models anltivation

of defendable explanations of the natural world.
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Instruction in modeling is now being used in sceteacher education courses to help prepare a eegragion
of science educators. Additionally, cross-commuiicaand collaboration between university educatorthe
science disciplines and in teacher education progrholds promise for changing the status quo iense
education. Successful interdisciplinary collabanagi can advance education reform by fostering great
understanding of practices within a single disapliand assist in generating solutions for factbes &re
inadequately addressed by individuals working aoeously in their specific discipline.

To examine features of pre-service teacher learrfimg this study, we draw on Lave & Wenger's
conceptualization of learning dsgitimate peripheral participation. Learning is more than accumulating
information and skills; it is not internalized sglein the individual, but occurs through interacitso and
conversations within a community (Lave & Wenger91p In other words, learning is a combination of
experiences and social practice—it involves negjotianew meanings, boundaries, identity transforomatand
participation.

Participants in this course were situated in twardeng environments simultaneously (a) a tropicalegy
learning environment where they were immersed imleting-based inquiry as “newcomers” to this paitticu
set of science practices and science concepts(gral new-pedagogy learning environment where these
asked to examine and envision the use of modelasgdbinquiry as an approach to science teachirgggdal of
the course under study was to follow newcomer ggghts as they navigated their entry into this efiod-
based community and to see how they engaged icipatton. Thus, this study examined the ways f{irat
service teachers participated in the activitiesalgoand norms of the group by looking at how newers’
participation compared with the participation oé ttold-timers” — the instructors and scientists wtlayed
leadership roles while working with course partiifs. This study informs educators concerned wigipgring
aspiring science teachers about the methods arabpgy needed for inquiry-based science teachimgineral,
and teaching with modeling-based inquiry specificalt investigates the challenges and consequeoates
authentic modeling-based inquiry experience withggrvice teachers.

2. Materials and Methods

This instrumental case study analyzes the partioipaf five pre-service teachers as they engagecourse
activities first in a university setting in the U.&hd then in a field ecology setting in Costa Rio&o instructors
co-developed and taught the course.

2.1 Course Goals

The course curriculum focused on evolutionary egplasing guided modeling-based inquiry experienceliwit
a community that included practicing scientistggacher educator, and student peers in both ctassand field

environments. Course goals broadly were to bettepgre committed and aspiring educators to teaigmee

through modeling-based inquiry and to assist ppgias in strengthening their ecology knowledgeti€ipants

traveled to various settings in Costa Rica whery tmet with scientists, researchers, and educa®rhey

learned about the history of the country, its cotrmant to environmental conservation, and the rebetimat is

being conducted on populations of plants and arsimal

2.2 Participants

All the participants for this study were from thense public university in the Midwest United Statewl were
involved in the summer coursgience and Pedagogy: Exploring the Nature of Science Through Tropical
Ecology described above. The course was taught by a sciedocation professor who had experience in
teaching with modeling-based inquiry, and an entogist who taught introductory biology, had extemsi
experience with field research in various countriaed was newer to modeling-based inquiry in s&enc
education.

2.3 Data Collection

To address our two research questions about geatits’ learning in an authentic ecology setting émel
unintended consequences of such situated leamieg;onducted pre- and post-course interviews, nokzilg
observations, administered a post-course questi@rand collected final projects.

2.4 Data Analysis

There were five questions that were the same bettfeepre- and post- course interviews: What do tiink
are the central features of what it means to “derse”? What kinds of understandings or skills do yhink
students can get out of doing science? What da@ehiteg science through inquiry mean to you? Whayalo
think students learn about science while involvedniquiry-based activities? Can you give an exangila
scientific model? / If you had to describe whaestific models are to someone else, what wouldtgtiuhem?
In the first phase of data analysis, we looked sxall participants and their paired pre and pesponses to the
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five questions listed above and used a set of cadeved from previous research (e.g., Windschittl a
Thompson, 2006) to trace participants’ ideas alimyuiry-based teaching, “doing science,” and madglWe
identified some initial trends from comparisonsoasr time within each participant’s data then lookedoss
participants to see how trends compared amongsvidugls. From this comparison, a small number of
commonalities emerged and exceptions surfaced.

3. Results

Two themes emerged that centered on participaritinigoon to their beliefs about what is involveddning

science and teaching with inquiry. The first istth@st participants made only a hominal changehair ttalk

about scientific practices (i.e., what science I18%f). In most cases, they altered some of thends but not
their underlying conceptions of teaching and leagrdcience in the classroom. A second theme ighkatourse
content and pedagogy did not seem to prompt ppatits to think differently about how to create tyyges of
engaged experiences in their classrooms that thpgrienced in their field work in Costa Rica. Ratligan

taking up the idea that first-hand experience witlence is valuable in the classroom, most paéditip looked
forward to teaching their future studemtsout their time in Costa Rica. These findings standtark contrast
with the instructors’ conceptualizations for theurs®e and highlight the disparity between pedagoégitentions

and enactments.

3.1 Persistence of Initial Ideas about Science and Science Teaching

Both before and after the course, participantselgrdescribed science as a straightforward metfiathgerving,
guestioning, designing and carrying out experimegashering and interpreting data, and analyzirfigrmation.
They spoke of science inquiry in classrooms asniptstudents be in charge of their learning, asospg to
“giving students information.” Participants recaggid they wanted students to be “doing” things, twer
underlying vision of science teaching differed frahe instructors’ visions of the course. While mapants
often appropriated new language from this courggeeence, such new language was used to re-name pre
existing ideas about science dominated by an umgmwiic scientific method devoid of theorizing and
modeling.

3.2 Teaching About Authentic Science Experiences

Participants experienced first-hand engagementutheatic scientific research in this Costa Ricampital
ecology course, but failed to see how they coullicate such an experience with students back i&. U.
classrooms. The Costa Rica course was inquiry-basdddrew on the expertise of local scientists atekr
community members to help participants experieesearch and issues around sustainability in thEcsoYet
instead of participants imagining how they mightate authentic inquiry-based experiences in their mcal
communities by providing first-hand science reskearpportunities, they discussed how they wanteshéme
their Costa Rican experiences with students. Raatits seemed to think their experience in Costa Rias
something they could transfer to their classroomstddling students about it and having them engage
activities about Costa Rican ecology.

4. Discussion

Participants had particular goals for the coursehsas experiencing ecology in a tropical settingich were
different from the instructors’ envisioned goalfieTinstructors intended this course to be situatealithentic
modeling-based immersion in the tropics. Participasaw it as an opportunity to experience Costa Ritd
learn about tropical ecology rather than as a wdgdrn about inquiry pedagogy and how to recréasetype of
an experience in their classrooms. Instead ofekierience being both about learning ecology aachleg how
to teach modeling-based science, participants thtooigtheir new ecology knowledge as somethingrestng

to share with their students. This was more a seidaarning experience and not a science teachatithg

experience.

One explanation for the lack of participants’ ugak inquiry pedagogy is that as a community otpce, the
participants appealed to the scientists (and hethedr, “science”) as “experts” and failed to vieletscience
educator as an expert contributor to the commudibus, participants failed to incorporate the pedggthe
instructors infused throughout the course becdusg focused on learning the new science contentnah@n

how to teach science in a new way. These findimgscansistent with the analysis of Windschitl (2p@o

notes although, “there have been calls to integmratee authentic inquiry experiences...into teaakdrcation
courses,” just being involved in inquiry experienicaich as this one may not be enough to convirahées to
change their ideas of inquiry and to use it indlassroom (p. 485).

Although course participants had an authentic t@pécology learning experience, it may have beenfar-

removed from their teaching community to seem applie in their classrooms. The urge to take thpesgnce
and share it with their students rather than devéhe same type of experience was pervasive incjants’
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thoughts and lesson plans. For example, one paatiti Emily, looked forward to taking her courspenences
and telling her students about them—failing to imealthat in doing so, her students would be unable
experience the concepts and environment the wayesperienced them. Instead, her students would bealy
listening to her account of Costa Rica, which iedént than engaging in an authentic experienaghéntic
experiences may have their place in teacher eduakiut teacher educators should proceed with amauti
because these experiences might not have the petidetended outcomes—especially if they are rtabsed in
bothlearning the science anigtaching the science.

Along with the unintended consequence of partidipanissing the pedagogical implications of an autike
inquiry-based ecology experience is the lack afraibn they gave to particular scientific langua@atticipants
often appropriated new language learned duringciisse, but used this language to re-name préirexisleas
about science dominated by an unproblematic séiemtiethod devoid of theorizing and modeling. Altigh
participants engaged in conversations with scientéxperts” who discussed their research and sh#meir
findings, at no point did the scientists talk abosing a “scientific method” or discovering “trutb$ science.”
However, course participants seemed wedded to ghilde “the scientific method” both before andeafthe
course when they discussed what students learnedgih inquiry experiences. This finding remainspexing
because participants appealed to scientists aeftsXpyet did not adopt a new way of talking abscience in
the classroom. As Windschitl (2004) contends, pestthe experience these teachers had with thetistgewas
eclipsed by the “broader culturally reinforced misdéhat maintain everyday ways of thinking abou¢ th
disciplinary activities of scientists” (p. 508). ieeipants in this tropical ecology course seemedverify
Windschitl’s (2004) notion that “investigative” agties such as those experienced by course paatits might
confirm the conception of a “one-dimensional Sceehethod” (p. 485).

5. Conclusion

The instructors envisioned this course as a wayp#oticipants to be immersed in learning tropicedlegy
through a modeling-based inquiry experience. Atgheé of the course, participants had stronger gyatontent
knowledge, but continued to struggle with how tsige and implement novel inquiry learning experanmto
their teaching practice. That is, instead of tajkabout how to recreate an environment in whichestts could
explore the ecology of their region, participamtstéad envisioned sharing their first-hand expedernn Costa
Rica with their students to get them excited alszignce. It appears the leap from this tropicalagpolearning
environment to the participants’ U.S. classroomsois far removed from the experience. There wasamot
unproblematic or inherent transfer of knowledgéllskor pedagogy from one particular context (inmgien in
tropical ecology in Costa Rica) to another (U.&sstooms).

Perhaps there is too big a gap between these ¢sritaxtransfer to seem possible. Although thistipalar
immersion-type experience did not seem to changécipants’ conceptions of inquiry teaching, we Wbunot
want teacher educators to completely abandon tiypss of immersion experiences. Rather, they shawlk
to close the gap between the contexts in whictattieentic learning experience and eventual teackithgake
place. The question about how to close this gapaimsn Would guidance during curriculum developmiant
these types of settings help teachers make thetdseggrd how to create these experiences in thagscboms?
Merely pointing out pedagogy as it is happeningas enough for participants to take it up and ipooate it
unproblematically into their practice. Beyond th@urse, participants were not supported in inqaimgriculum
development, teaching, or reflection. The schaoMhich three of the participants teach have a rraditional
curricular and pedagogical focus. Thus compounttiegimitations of this course is that these pagéats lack
sustained modeling-based scaffolding and suppomt fsthers in their teaching environments.

It would be interesting to incorporate into thislegy course some support tools and a way to sustes
support throughout the school year to see whateffieontinued effort might have toward transfoiorain an
inquiry community of practice. Future research irtttese questions may prove promising in further
understanding the disconnect between having areatithexperience as a teacher-learner and incdipgri
into one’s science teaching pedagogy.

6. Epilogue

Although this course did not appear to have theifipeeffect on participants that the instructorsvisioned,
there is reason to be cautiously optimistic abbes¢ types of learning experiences. Despite thednigsults of
this study, one participant attributed this coursethe impetus for his commitment to pursuing loistorate in
sustainability while incorporating modeling-baseduiry from a STEM perspective. Although Alex seene

have entered and left the Costa Rica course wittlmariging much about the way he conceptualizedriypgund

teaching, he was interviewed almost two years tatgain insight into any lasting effects the ceungd on him
and his perspectives on education.

We found it notable that Alex now spoke differenipout the course than he had in his initial postrse
interview:
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| can't say for certain, but | feel pretty confidén saying that the Costa Rica course definitalypstarted the
sustainability interest just because it probablgmitaso much the aspects of the course as muchtisgto see
the culture in Costa Rica that revolves aroundasniability. | guess there were certain ecologicgests of the
course that contributed to it and for me as an &um@nd as a human, just seeing the culture itaRisa was
really the best thing for jumpstarting that. Thed®mling aspects that | really picked up in the cewarse feeding
into [sustainability ideas] now. (Alex, IntervieWwebruary, 4, 2012)

He particularly discussed the ways the Costa Ricgtnire of “wanting to be one with the environmegtt him
thinking about how “sustainability was somethintaaiable and how it can even be successful ecoratimic
Although after the course Alex said that without #xpertise of the Costa Rican scientists he “wooldhave
been able to do anything” like what he did (AlexsRcourse interview), he now did not reference Gosta
Rican scientists as contributing to the idea ofainability. In fact, he thought of these CostadRiscientists as
“outsiders” who were already predisposed to sualtdlity and instead saw the native Costa Ricarseasy the
ones who “bought into and cultivated” sustainabéysvof living.

In relation to the pedagogy of sustainability edioaca Alex discussed how he would prefer to takmadeling
approach. He noted that while his graduate couses not taught with sustainability in mind, hdl stiought
about the content he learned in Costa Rica and:

How to turn some of this stuff into sustainabilipgrticularity with modeling [since] modeling isbé&y thing and
widely debated topic in sustainability. So just eoiiig students possible ways of modeling things in
sustainability ... is one way that | have thoughtlanging this [content]. (Alex, Interview, Febrya4, 2012)
Alex preferred a cross-disciplinary approach tahéag—especially with sustainability, “There arstjall kinds
of ways where you could get cross-discipline utéinp going to not only teach future teachisos do | plan
across disciplines but then also how [to] teachiasuability.” He touted sustainability as “the besimbination
of STEM that | have seen in any topic. It encompasserything in STEM and then it also encompalese of
things outside of STEM. It’'s just such a far-reachproblem.”

Upon reflecting on his initial Costa Rican expedenAlex noted that if he were to try and creategperience
similar to what he had while in Costa Rica andifdo be as meaningful for his students as is veashim, he
doubted that he “could replicate that by just téghhere in the U.S.” He recalled that he “neediid’ Costa
Rican experience to:

Understand how consumer-driven our culture is aod Imuch it doesn’t have to be that way for personal
happiness. We talk about that as Americans we aught up in being consumers and we try to buy hmeggsi,
but while | had participated in all kinds of dissims on topics like [consumerism] in the pastuégs | really
truly didn’t understand the depth of that conveéosatnd what it meant to me until | went to CosteaRThere
were philosophical awakenings that | had in Costa RAlex, Interview, February, 4, 2012)

Despite his reflection of how the Costa Rican ceurmapacted his thinking, we are still puzzled byex$
perception of his personal experiences in relatibowhat he envisions for his students. Perhapss lkimking
that as a course instructor and curriculum desigher might be interested in and enhanced by fasdh
experiences when designing a learning experiengethit to learn the content, his students do ecessarily
have to engage in the same experiences in whickalseinvolved. It seems as if he might be thinkingt tthe
instructor’'s experiences impact course design—wsiilelents can engage in course content in othes tay
become knowledgeable about the topic.
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