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ABSTRACT: The primary purpose of this study was to document and interpeel ways
in which the first author engaged prospective teachers in pedagogical inquiries and then
assisted them in using their findings as a basis for leaming to teach In her courses on
methods of teaching sclence in etementary schooks. The focus here Is upon inguiries abont
factors that foster science leaming. A second purpose was to trace some of the effects
of such a pedagogical approach in the development of experilse in teaching, researching,
and meatosing. A thind purpose was to contribute to the development of interpretative
methadology, an example of a collaborative inquiry. Data included drawlngs made by
prospective ieachers on the first day of cfass in which they deplcted memories of positive
experiences i leaming science. They also wrote captions for their drawings, Kentitied
factors that fostered their leaming in these Instances, and constracied a joint list of factors
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across these individual experiences. Throughout the semester, the prospective teachers also
wrote journats describing sclence leaming they observed and analyzing faclors that fostered
leamming in (hose instances. Then they analyzed their own journals for common theres in
order todevelop persenal frameworks for science teaching and learning, Data also included
audio-taped Interviews and written reflections by a greduate of the course about ways the
course has influenced her evolving tezching and mentoring practices. The resulis suggest that
(hese prospective elementary school teachers had entered a course on methods of teaching
sclence with prior knowledge about science leaming and teaching that could serve as abasis
for learning touse approaches to science Instructionadvocated in the nationat standards. The
reftective methods utilized in the course enabled at feast one of these prospective teachers
to articulate her phifosophy of teaching in ways that helped her instantiate sueh praclices
as a beginning teacher. © 200! John Wiley & Sons, Ine. Scl £485:733~757, 2001
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INTRODUCTION

The primary purpese of this study was to document and interpret ways in which the
first author engaged prospective teachers in pedagogical inquiries and then assisted them in
using their findings as a basis for leaming in her courses on methods of teaching science in
elementary schools. What, for example, do prospective teachers already know about factors
that foster selence learning when they enter a course on methods of teaching science? They
enter such corrses with ideas about teaching and learning based upon their own experiences
in schools, just as stwdents enter science subject-matter courses with ideas about naturat
phenomena based vpon their experiences in the world.

For the past two decades, a major emphasis in science education research has been on
characterizing difficulties students encounter: What are the common misconceplions in
each science subject-matter area and how can these be overcome (Helm & Novak, 1983;
Novak, 1987, 1993)? A similar emphasis has been placed on prospective teachers’ pre-
conceptions. Atwood and Atwood (1996), for example, documented prospeclive teachers’
misconceptions about the causes for seasons, many of which are similar to those of children.

More recently, however, some rescarchers have begun to emphasize positive aspecis of
prios experiences. The intportance of accessing students’ intvitive knowledge has been
stressed in contexts from kindergarten children tearning about numbers (Griffin, Case, &
Siegler, 1994) to high school students leaming physics (Minstrell, 1992): What are the
intaitions that cam serve as anchors for further learning (Clement, Brown, & Zietsman,
1989)? How can students® useful intuitive knowledgs be expanded and refined (Smith,
diSessa, & Roschelle, 1993/1994)7 What are the resources upon which students can draw
in analyzing complex physical phenomena (Hammer, 2000)? This study is in that positive
traditior. It documents prospective teachers’ prior knowledge about successful science
pedagogy, and describes ways in which the prospective teachers can use such knowledge
as a basis for learning ia a course on methods of teaching science in elementary schools.

A second purpose of the study was to trace some of the positive long-term effects of
eliciling reflections about successful science leaming experiences in developing expertise
in teaching, rescarching, and meantoring. The first author has described her intents and
purposes in engaging prospective teachers in pedagogical inguiries, and illustrated these
with responses drawa from the second author’s writings while she was enrolledin the course.
The second author has reflected upon ways in which her findings influenced her subsequent
development as a student teacher, beginning teacher, and mentor teacher. A third purpose
of the study was to provide an example of such a collaborative inquiry. This is “a mutatly
constructed story” {Connelly & Clandinin, 1999, p. 12) ereated out of the lives of a teacher
and university researcher.
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a teacher researcher group {van Zee, 1998a, 1998b). Deborah was one of the prospective
teachers in the Fatl 1995 class, completed her student teaching in Spring 1996, and has been
teaching full-time since September 1996, She has participated in the founding of a teacher
researcher group, presented a natfonal conferences, and published accounts of research in
her own classroom {Roberts, 1997, 1998, 1999, 2000).

Setlings

The clementary science teaching methods course was one of five in a block of courses
taken the semester prior to student teaching. The other courses provided instraction in
methods of tzaching reading, language arts, mathematics, and social studies, The prospective
teachers spent 2 days on campus and 2 days in their placement seitings weekly; they also
spent alt day every day in the schools for a week near the beginning of the semester
and for a second week near the end of the semester. Their placements were in suburban
clementary schools with diverse populations, where typically mose than half of the studenis
were eligible for reduced or free funch. Deborah tanght in one of these clementary schools
during 1996-99 and is currenfly teaching in 2 middte school in the same area.

Data Sources

Data sources included drawings, wrilten responses, and posters construcied by prospec-
tive teachers in the Fali 1995 and Falt 2000 classes, our audlo-taped research conversations,
Emily's written reflections, and copies of Debotah's wiitings as a student in the course and
as a researcher In her own classroom.

Interpretive Approaches

Emily used several interpretive approaches (Gallagher, 1991) in documenting ways o
which she used pedagogical inquiries as a basis for Jeaming to teach in her courses on
methods of teacking scleace in elementary schools. As an instructor reflecting upoo her
own practices (Hubbard & Power, 1993, 1999}, she wrote nuratives explicating her design
for Instruction and the reasoulng undetlying this design. She also collecied and inteepreted
her students’ work. In addition, Emily traced one participant's progress by quoting her
responses asexamplesinthe narrative about the course and by inviting her to write reflections
upon the long-term nftuences of experfences in the course. In recognizing this individuat
as a coauthor, rather than anonymous subject, she engaged in a collaborative inquiry, in
which both instructor and student/colleague participated in developing and articulating
{nterpretations. This processis aformof autobiography (Sotas, 1992)in which efforts toward
educational reform are grounded in examination of personal experiences and vatues, This
account also represents an example of the scholarship of teaching (Hntchings & Shulman,
1999} in which facully make public their findings from documentation and analysis of their
own teaching practices.

The prospeclive teachers’ tesponses on the first day of class included both drawings and
written comments. Drawings bave been used to probe uaderstanding for many years (White
& GQuuostone, 1992). Travers and Rabinowitz (1957}, for example, used drawings of teachees
teaching as a measare of teacher personatity. Mead and Metraux (1957) and Chambers
(1983) idenfified stereolyplcal features of students® views of scientists through a draw-a-
scientist task. Emily invited the prospective teachees to draw pictures of experiencesin which
they had enjoyed learning science. The prospective teachers also wrole captions describing
their pictures, YWe categorized these responses in terms of the science disciplines, settings,
technology, social contexts, and facial expressions depicted. We selected these categories
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on the basis of our own curlosity abeut the prevalence of life, physical, or earth science
contexls, inside or outside school settings, sypes of specialized equipment used, individial,
small group or large group activitics, and apparent emotional responses represented in these
drawings.

In addition to drawing pictures and writing captions, the prospective teachers identified
factors that had fostered their learniag in these instances. Participants in each small group
then censtructed a joint kst of factors that had fostered science fearning across their indi-
vidual experiences. In addition, the Fall 2000 class {dentified common themes across all of
the smatl groups’ lists of factors that fostered sclence learning. In inviting the prospsctive
teachers 10 analyze their responses in this way, Emily engaged them in identifying common
themes in interpretations of their experiences (Stravss, 19873,

in a form of parrative inquiry (Coanelly & Clandinin, [990; Cortarzi, 1993), Beborah
prepared an account that reflected upon her expériences as a student in the course in Fall
1995, as a student teacher during Spring 1996, and subsequently as a beginning teacher and
a mentor teacher. Her narmative is not jntended to represent the entire cohort of shudents in
herclass. Rather her accouat provides an individual example of ways in which pedagogical
inquiries can have a long-term influence in developing expertise in teaching, researching,
and mentoring.

PEDAGOGICAL iNQUIRIES

We begin with a narvative in which Emily discusses ways it which she used pedagogical
inquirics as a basis for learning 1o teach scieace in elementary school. By pedagogical
inquiries, we mean explorations of issues relevant to learning and teaching. Emily has used
responses by Deberah and her classmates to jllustrate such inquiries. Then we present 3
narrative in which Deborah articulates long-term inflzences of engaging in pedagogical
inquiries on her developing expettise in teaching, researching, and mentering

Using Pedagoagleal Inquiries As a Basls for Learning
to Teach (by Emily van Zee)

My instruetional approach can be considered to be constructivist (Fensham, Guastone,
& White, 1994} in that 1 attempt {0 elitit my students’ prior kuowledge about science ped-
agogy and then to assist them in making sense of new ways of thinking about teaching that
I hope to engender. As discussed later, T opencd the cousse with an activity in which the
prospective teachers zeflected upon their positive experiences in Jearning science and iden-
tified factors that had fostered their learning in these instances, In addition, 7 facifitated a
sustained inquiry into sclence Jearning-in-progress in order to help the prospective teachers
develop personal frameworks for scieoce teaching and learning,

Inviting Prospeciive Teachers to Reflect Upon Thelr Posilive Experiences In
Learning Sclence. Indesigning instructional activitics, T wanted 1o address head-on the
anxieties with which I betieved many of the prospective teachers would be enterlng my
course on methods of teaching science, | was aware that many clemenlary teachers choose
not to teach science and that elementary education majots often have had negative experi-
ences in science courses (Abelt et al., 1998; Jabton, 1994). Yet, I believed that there mustbe
s0me contexts within which the prospective teachers had learned scieace and had enjoyed
the experience. I hoped to demenstrate that such experiences were valuable resources in
developing their own personal framewaorks for science teaching and learning.

The “draw-a-scientist” stedies (Chambers, 1983; Mead & Metraux, 1957) provided the
inspiration for my decision to invite the prospeclive teachers to draw pictures of positive



*HONEIASU0D 51523 NS
eip auyj A133inbs [pinozuey v 53 200 poe ‘asidms Forveys sdeyaad 9011 v 51 000 *Fuimnus
SHANCUE 200 :aYens ¢ TapdassIP A0 STUIPNYS SN L, "7 2mTL U WAOYS 1e s3] dslssandxa
156 J L, ‘SIS M 150U ‘Paprjanl 1om suofssardya [eroey mag ~Huumsa) upd B
puryaq Smpuers Jo 'dig play € uc dnosd jfews e Forpes) wsud v ey 1By Fopoeyas se
1§ons stotjeiisuolwap Jeop—1agqaes) e Supuasasdar amdy e papnpay xig -2de3soldnn v m
1§22 & ye Junyeo) se yans Suigousos Suop Geniod 3195 v fjqewnsard ‘EOPIMPU] UE MAIP
200§ ‘saed] 2mAIRuep! se yons Suppawos Fajop swapms 3o sdeord jews aeIp awog
"GEJAYS JO JOOYDS I 0) 11SIA B 1B L3N0 5Y) PUR UMTEIameL] B 18 2uo *Jaaamoy ‘sdnoil 93w
paadap o, -sSupmeIp IR 0 $208Y 3pnjoui o} jou asoy Auepy smndwor e goamd e

woaapadva fuures] 20usps auipsod e Jo Faruesg T andyg

- ‘ TR
) D1 Sl (STHLY T
. —_ gé"{!\,;.puw;) % g?n--wg\a.\ )
regh V9 (02 SO)A By s Py
NP Mawdnp 3N mmE 4R

.- - ~ T +eAN ThE "
32599 Nih TPy A3 T
LevTnsay sRp Uy nok 20y Stres} souapes Binmss) v EEWW! a9 LIORTFITTM

Loy e TR el B

< omaewd A0 A PR by
el S USIWL o

v
£ i
cameond mok 20§ vopder v

20002 2>%d5 3 v Sasu e I JO 300 30 2OUHA T mwup ovelig
231 FuTumap € I 227 pod s3mnindya 1anaq S0 JO 2105 100q8 XTAE

S14ha0d NV 33Z NVA 0bL

aamp suo KO "santd sy u adoosaya) 1o 2dodsoropw B se yans jusmdnba paziepads
PIPO[RU] M3 V SIEJ S3U3)I$ P 1591000 doip 80 we sE GI6S [00IYDS 18 03K EIdds Jo
samjard ma1p M) v weans £qresn e Suniopdxa se ysns sdug p[ey poe SEIRUAYD Supw
$B 1ONS SINANOE $SB]3 lam T[S TOUNUOD IS0 S L 'SA003138 [RIJ0S &Y 10 $PUIPS
2zeds pure Yires uy Aa) B ATEC YipM '$2002108 [e35AYd pue $90E1I$ aJI] 1} JO 1XNTOI AN
uj Apsow seanauadya eanjsod paraquawat s1ayey) s.nosdsord oy 1, umoys suojssadxs
[erogy poe 's)¥a1800 TRi00s A20l0my2a) J0 o5 STamies ‘seupjdidsip 9ouids o Jo sisEue ue
suesaad z ejgqe), ‘(Wogtow Spms 0) J0121p uonow pue 1andues v Juisn HF-3) 28ajjoo pue
“(sa1p Fn1pastq “3-3) jooyas YI[Y (jo0Lfds puTLaq SEe0)feq Jfe 10g Fupdy 53 j0oys Appi
(5333 Fupystey “3-3) [ooyss L1101 U PALINIIC SIDIADDR S I, “SASSELD 0OOT 118 P
G66 T 178 941 J0] STUIMEID SI0OPIMS AU U] pai2]dap sanande ays J0 181 B siuasad [ )qel,
£SO PIEAE U 10M § Y21M
apess qig vy sisondSy a0 123ford 9363105 € pIp 0s[e | ATy IOEH )} PAIA0D 13400 24 101G
£8ojojucaied pue ASo[oatore Uy PAISIIFTE L1294 SEM | TOOLSS ATRINANI]D WO Jaquuaias |
wawipadyo acupss LU0 syl $f 7Yy epos Juixeq pre syown aded (iim OmE[OA € IpRL |
*apeud yH0oj u},, pes1iey) wondes € i OTED|0A & JO 2smojd B umesp pey paq AL "apeid
1ySte uy esuessajope uo pford aey 50upss B Sunuesard Jasiag jo 2amdd B UARIP PEY
ROy SpINbI] 10 $30N) 1531 PUE SENEAQ THIM PIYI0A PR S GI{(M Tf 20BIE0S , BO-SPERY],,
paiegsn)y} pey 2uQ '131s0d e vo sBuperp Fam pade) sisquiawt dnoid oy pue YRIogag]
(9661 ‘venuley ‘gg61 ‘make] 9 M1ofeny 12661 “sorhy B 2apen)}
QOIS PUV SHEUINRMLL 11 S13Y0ES) {004 djppr pue Lrenawa)s Jugredsd sosmos o
-NpeiTIepun (ICKII O} MOYI IpIM-atels ¢ Jo ded sem ssined 2yt Arnbuy uf s2ayde a0
-oadsord 938302 0y pandisap peq “ewdey wgoy “ossajord so1s4yd € 1y aunod 7 wodn
Supzapal sem 2ys 80 1 23mego Lo Op “J12[000UD 11| 0} PIPPE LAIAY { I3, SMO}
-[RUASFRI O, “spEa1 nonde: ray *amesadura) pue 1 250[dx3 o1 ywawmpadys me paudisep
pey s19mEd OM) PUE 4S YIHM Uy esmed sasfyd 232503 53 Supnp 00js$es B paensn|
~[t PEY YRIoQI(T '] 2Ly ut umoys s Smaesp s,0ayaes; sansadsoad ¢ jo sqdurexa oy
*SSE[D AUk U1 30 Surjunp 3 paynssardal jey) 18H| B PRONOSUO) SR 0007
112 o 1f s1agea) sandedsosd o ‘Sugureaq 2013105 PAraIso] B S1000€) Jo SISTE IUL0f 11ou
pareys pey sdnoad [[ews s 5y TONdeoxs SU0 M '$3559]3 Y10 10) SUres ) sem ssadod
sy, s3atpuy 3o Sumuedar poe wsed o Emmogs £qQ dnold aoga Y1 01 saAjesIA]
pasnpony; dnoid yoes 1 5139323 aanadsord o KjEar] “Fujured| 1ag) pasnso) peyIEn
10128y JO 181} 10j0[ B PIONISTed pUe 1sod € o) sangajd Aap pade) dnoid ews yzea uj
s1aLpes) oansadsord B 4 90081STY ST O 10K Jof Supuresp 92u3pds Sugoiso) o) ywenoduy
alaM 101983 16U AL, Seas Jdwoud puodes sy [, 2tmatd mok Jof nondes e ailp “aaoqe soeds
21 g $3ouapdyd 58 JO 3u0 Jo arnjold & melp asee)d *e0nd1es Sujures) U] pey daey nof
sednapsad k2 12019q 3 JO IUIOS INGGE YUY 1, sus ydueord 151y eyt secuvisuy osayy uf Suywnes]
1) PA1A1S0F 184N SI003T) 187] 01 pur *saanpond s1ag) 10 suonded x1em 0] *s2002§dxs Buirea)
200105 danjsed ssop 30 sanjotd MEIp O WH pase os[e [ “aouags Soyuues| saouspradya
aayiisod 2101 1[2U) JO SUIOS JFUINIA 01 PUR ${00TIS JO PISINC PUE IPISTY 104 SAAT
31241 J2A00 YOEQ YUTYE ©) Sa3yoem aanradsord ayr payauy | ‘ssei> Jo Lep ISiy o €O
“£12ATy594y3 2002138 03) 0 SLEM JO TUO[ 2)SINLS |[E SIOPUIII SE IAIS PIROI SRouapdve
Surares| eoua1ds eanised Jo sizisod ‘monippe u] BENIANSHL 9300305 ojn] e Jupeodiodn|
{3pOLD O) PAHUEA OS[E ] “SINAUNIOP SPIEPHEIS [RUORRT PO RIS U) 10 SYOOQIXD) M &
20u2155 SUNpOEat 30 SPOTIM PAPUINTOIM Inoqe Fupeas Kjdings Tey 0150000 0w
pay w3mu £ yep sSmpuy ppopk pnod Suurea] 20U2135 (JSTI0AS 30 sojdurexa S5yt ui
SOUE TOWNRE0d SugkInuapy s1eqoes) aapasdsord a5 0y ([P pajTom PEY JEYM nods
TOEIEINE S50} PINOD $2003112dx0 Fo[ured] 2003195 |YSTIZONS JO SBTELMEID PIMA savodind
samsod arown o) pasin) aq pynod sAefdsip feqsiA yoas jo Javod su 1eg) 1ySnay) | papRian}
Areadfr siuopaes 1o saaneay eard 102121 30 sua) upnoneutioyu) aspeden Ajedeg papraik
pey SISHOAIS Jo sTumeIp s ySnow|y "39ms)os Sepures) uf pey pey LA sodmapadxa

6L SIBINDNI YDODYO3d



PEDAGOGICAL INQUIRIES 741

TABLE 1
Positive Science Learning Experiences Drawn by Prospective Elementary
School Teachers
Seanes Depicted by Fall 1995 Class Scenes Depicied by Fall 2000 Class
Lite sclences tife sciences
golng on & nature walk {self) looking al a celf In a microscopa (self)

testing waler quality of a faka (sel)
studying plants and animals outdeors

dissecting a frog
cofleciing leaves (seff)

(selt + 2 others) exploring wellands {no people shown)
idanlifying leaves (seff + another} exploring stream at outdoor education
dissecting & pig (2 drawings) center {sell)
dissecting a snake (self + two lab studying life in nearby creek (self)

pariners} canoeing through sall water marsh (2 stick
studying blotogy figures)
breeding files boating at aducational camp {4 stick figures)
hatching eggs rmeasuring speed of stream (sell)

visiting fossil bearing ciiffs {5 smalf stick
ligures for students, 1 larger figure, teacher)
hunting sharks teeth at beach near fossif-
bearing diffs {3 stick ligures)
visiting bee farm (sel}
Physical sdences Physlcal sclences
©00king on a Biownie Bunsen bumer dropplng a prolected egg off a ol

{sei) {3 stick ligures)

mibdng fiquids (self} launching a rocket (self}

“meling™ marshmallows in hot cogoa
(self + 2 lab partners)

making a "voleano®

mixing chemicals (leacher)

mixing chemicals {teacher + 3 students)

heating beaker with chemicals

pouring liquld N on floor (teacher, sell)

making sugar cryslals

studying motion with motion detector

slanding halr up with static electricity
(seif}

releasing hot alr balioons {4 stick figures}
studying lighl with a prism (professor)
dissolving penny in acid

raking rock candy

Earth and space sciences Earth sciences

collecting rocks (seff 4 friend)

going on a geolegy nafure walk

walking through caverns

stuching the stars In Skylab (13)
studying the stars in a Planetarium {10}
tooking through a telescope (self)
watching an asterold collide with Jupiter

problem solving with satelite landings

Sodal sclences Sociat siences

Presenting sclence falr profect
on adolescence (sslf}

Drawing & family pedigree

General

presenting at a sclence falr
lectuiing (prefessot)

{Parentheses Indicates person/people shown in drawing; assumes drawing of sell)
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TABLE 2

Prospective Teachers' Descriptions of Positive Science Learning
Experiances

Fall 1995 Class Falt 2000 Class

Sclence disciplines
Life sclences 10
Physlcal sclences 1t
Earth/space sclences 7
Social Sciences i
Generat 1]

Seltings
Class aclivities
Field irips
Special events al schoo!
S¢lence Fair
Youth group ouling
Professor fecturing
News event

Technology {usa of specialized equipment)
Microscope
Telescope, skylab, planetarium
Computer with motion detector
Electrostatic generator
Gas bunsen buimer
Dewar of liguid nitrogen
Water quality 1est kit
Graduated cylinder
Beaker, flask
incubator

Social contexts:
Large groups {10 or more figures shown)
Small group with teacher (5 stick figures,
plus one lamger stick ligurs)
Small groups {2-6 figures shown}
Individual (1 figure shown, student)
Individual {1 figure shown, teachen
No figure shown
Faclal expressions:
Smiling
Round vith suiprise
Open while latking
Squizzled with puzziement
Stralght with concentration

-
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- R R

PR N A XY
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faviting Prospective Teachers lo Idanlity Faclors Thal Foslered Their Sclence
Leaming. In addition to drawing piclares of positive experiences and writing captions,
the prospective teachers identified factors that fostered their learning in these instances.
Debotah, for example, wrote (he fellowing about her college physics course: “Teacher gave
every student the belief that she/he was capable of doing science well. Allowed students
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The class list of factors that foster scieace learning guided the prospective teachers in the
Fall 2000 class in their design of lessons throughout the course. During the second week of
the semester, they reported these findings to experieaced teacher researchers at a research
festival, and then used the list to guide collaborative design of fessons they conducted in
these teachers’ classrooms (van Zee, Lay, & Roberts, 2000). Later in the semester, they
used this class list as an assessment tool to reflect upon whether they were enacting these
factors that foster science learning in their own teaching of peers in class and of childrenin
thelir schoot placements.

Faciliating a Sustalned Inquiry In Order to Help Prospechive Teachers Develop
Personal Frameworks for Sclence Teaching and Leamning. The opeaing activity de-
scribed previously demonstrated the kind of thinking that I asked the prospeciive teachers
to do throughout the semester in journals 1n which they reflected npon scieace-lcarning-in-
progress. First, they described science leaming events that they had observed or experienced,
and then they analyzed factors that fostered learning in those instances. One of Deborah's
reflective jousnals is showe in Figure 3. She described the learning environment in her
college physics course in which the students had explored physical phenomena jn small
groups. She noted that

Whenever we had an 1dea that was adeviation from the originat direction of the expesiment,
Dr. Laymanencouraged us to foltow that fdea and se¢ what we fearned. 1 remember carrying
around 2 paper wad with a paper clip gently attached to it for two weeks because my lab
pariier and I waniled to know if the smooth surface of metal balls had an effect on how the
perdulum swung.

Roberts, Journal 83, Fall 1995

This statement has been undeslined in Figure 3 to highlight its presence in this journat,

Atthe end of the semestes, the prospective teachers analyzed their own fournats toidentify
common themes (Strauss, 1987) and to develop personal frameworks for sclence teaching
based on thisanalysis. Onihe last day of class, the prospective teachers highlighted sentences
in thelr joarnals that stated factors thal fostered science fearning, cut these out, sorted
them into piles, laped similar statements to the same page, and then wrote a claim based
on the statements. An example is shown in Figure 4; the hightighted statement from the
joumnal shown in Figure 3 is taped at the bottom of this page, Deborah also taped similar
statements cut from other journals, At the top of the page appears her claim, “Science
tearning allows studeats to follow their curiosities.” Her other elaims were “Science leaming
needs to be hands-on,* “Sclence learning needs real-world connections,” and “Science
learning takes place with dedicated, caring, teachers who develop sense of community.”
Each of these claims was supported by evidence drawn from statements cut from her
Journals.

Through this sustained Inquiry into science learning, the prospective teachers built their
personal frameworks for science teaching. For the take-home final, they presented lessons of
their cholce and discussedhow they would meet their fecommendations for science teaching
it this context. An excerpt from Deborah’s Anat is shown in Figure 5, She chose topresent o
design for a conversation about ambient temperature, simitar {0 an activity she had enjoyed
in her physics course. In commenting upon how she would meet her recommendation, she
wrole

The second claim is that science feaming allows students to follow their curiosities. In this
experiment I nzed Lo be prepared for some questions that are tangeitial to come up ... 1

746 VAN ZEE AND ROBERTS
Science Learning in Prograss #3 Debi Robaits

An interesting scienca experience § had was in Or. Layman's class in the f2fl ol
1994, We were sludying motion and the pendufum. We were each given a pendulum
and seversf bails. We al had seen pendulyms belore and had 1o make predictions
2bout how the weight diference In each of the balls was going to affect the bahavior of
the pendulum.  Wa were also asked lo taka Inlo 2ccaunt any previous expedencas wa
had had studying metion in his class. We made out predicions and then with the uss

. of the comprer graphed our results. We were than encouraged o change the length
of the sting, and vary the distanca at which we released ths ball to start the pendulum
swinging. Then wa had 0 davise an experiment lo validale {or eradicate} our
hypothesls,

As etways in Or, Layman's class, Inifially | feilt a flde frustrated. But as my leb
partner and i got further and further into our explcrations, we becama tatally favalved
in what we were doing, and less cancerned with being right.  Whenever we had an
fdea that was 2 devialion from the criginal direction of the experiment, Dr, Layman
encouraged us to follow thal idea and see what we leamned. | remember canying
around a paper wad with a paper cip gently attached 1o t for two weeks becausa my
lal partrer and 1 warnted to know if the smoeth sutface of the metal bals had 2n elfec?
on how the pandulum svamg.

Wa would swing driferent welght bal's, balls of diferent materials, different
sufaces, ete., change the soing lengih, the helght at which we released the ball, the
direction we released the bat, evary option we could think of, wa lded. We lsamed
about patertial energy, kinetic energy, velocity, pericd of oscillation, amplitude,
sinusoldal movement and that the oniy factor afiecting the period was the lergth of the
string,

In the history of my education | have never enjoyed of been as motivated of as
faystrated by any class fike 1 was by this one. The frustration was a benefit and nat a
deteent. Or. Layman not onfy made each and everyone of us (eel as If we weee
compstent, intedigent scierdists, he alsa helped us to leam 1o rely on each other, and
1o fespedt tha Ideas of all of the members of the group. He taught us not to be afrald of
sclence, of expedments, and he taught Us to be skiled (not parfect, Just more skilled)
observers of B world of sclence we Tve obfdously in,

Figure 3. Exampte of arefective journal.

need 1o be prepaned to allow them (o follow some of these fangents, and to put others aside
for future leaming ot individual investigation.
Roberts, Final, Falt 1995

In an interview at the end of her semester of student teaching, Deborah reflected upon
what she had learned in the methods course:

The thing that beft the most lasting mark for me was taking all the sclence-Jeaming-
tn-progress fjoumals] and finding commonalties. Even on an individual basis, looking
throughall my science-teaming-in-progress essays, and finding out that “hey there are some
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Articufaling Leng-Term Influences of Pedagogical Inquiries
(by Deborah Roberis}

For me, the themes 1 took away from the analysis of my journals have shaped the way
I teach. I have coples of these banging up in my classroom, where 1 frequently see them.
Even without reading each word again, just seeing them serves as an in~depth reminder
of my goals. This is a very helpful positive and encouraging symbo! for me, becanse in
the trenches of day-to-day teaching it reminds me of the high standards and aspirations
developed for myself as a teacher.

I have had the pleasure of working with three student teachers in my classroom. Two
of the three took the same physics course that 1 had taken. All thiee have taken Emily's
science teaching methods course. AH of the student teachers have seen my tatlered themes
hanging in my ¢lassroom. My first student teacher, who is now teaching first grade at the
same site, noticed that kis methods class expressed some of the same ideas that he saw on
my papers. My second student teacher was impressed that | had this information hanging
in my ctassroom. *Wow!” She said, “Look at thisf You really took this stuil seriouslyl”
My third student teacher and | actually read some of the notes listed under each theme.
She asked questions about some of the comments, Later that day after a science activity,
she said, "“you have really got science down, Debil” 1'm not 50 suse that “T've got science
down™ but [ am very thoughtful and intentional about my science instruction. And part of
the reason for that is because of the reflective joumals (science learning in progress) that
we had to keep.

Myexperiencesinkeepingajoumal have enabled me tobecome a*reflective practitioner”
My definition of this term is this: a reflective praciitioner is someone who has a question
about something positive that's occunring in the classroom and researches and reflects on
thal question to bewer understand one’s teaching practice. Reflective rescarch does not
atternpt 10 fix a problent but to take an in depth look at something that is going well and to
attempt to understand it. At times this results in “fixing a problem™ but that is not the focus
nor the intent of the research.

i became part of a teacher researcher group during my first year of teaching, Most of
the members were first year teachers who had taken Emity's methods covrse. The Science
Inquiry Group or SING as we affectionately call it is a group of teachers from various
sites who get together once a month to lalk about their science teaching practices, and the
research that they are doing in their own classrooms {van Zee, 1998a). This meeting gives
usan opportunity to support one another in a way that is not usually done in anormal schoo!
setiing. We come together and share ldeas about science, stories about what is happening
in our own classrooms, and sofve problems with one another.

In the first year, 1 chose a topic to research at the beginning of the school year that was
50 broad and ambiguous that 1 quickly realized (with the help of my SING colleagues) i
would have to modify. I medified it again and again until I finakly had a question that was
specific enongh to try to understand i the context of my own classroom. I was enceuraged
1o present my findings at a “research festival” that Emily had organized and then at a
nationat conference for teacher researchers {Roberts, 1997}, The research festival provides
an opportunity for Emily’s current methods students to talk with teachers from SING about
their research projects and to hear about the research that the teachers are doing in their
own classtooms (van Zee, 1998a; van Zee, Lay & Roberts, 2000).

The science teaching methods class was taught using the inquiry method of teaching,
which we had all been lfectured about how to do but very few of us had seen modeled {van
Zee, 1993b). Making connections to prior personal leaming of sclence gave us a foundation
on which to build. Sharing those connections with our ¢ass and noticing the commonalties
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had a deep influesice on me. This class helped me to develop a philosophy of teaching,
helped to validate the ideas I had aboul how to teach, and helped me se¢ myself as able.
i had to think critically, rellcct on my thinking and teaching, and make difficuli decisions.
Having to think about my own positive leaming experiences in science clarified for me how
science learning could be optimized in my classroom. Makiog these connections has helped
me define how I teach science and other content ateas as well as how [ want my classroom
climate to be.

DISCUSSION

‘This stedy examined the use of pedagogical inquiries as a basis for leaming to teachina
course on methods of teaching science in elementary schools. The prospective feachess’ prior
knowledge of science pedagogy was elicited on the first day of class by inviting themto draw
pictures of positive science learning experiences, (o wrile captions for their pictures, and to
identify faciors that fostered science learning in these instances. The prospective leachers
then constructed joint lists of factors that had fostered their learning such as participating in
hands-on activities, generating experiments, and engaging in explorations relevant to thelr
own interests, This is a vislon with which prospective elementary school teachers entered a
course on the methods of teaching sclence after reflecting upon theie own positive science
learning experiences. Emily views her primary task as instructor fo increase the confidence
and competence of the prospective teachers to enact such vislons as they enter the teaching
professien,

Contribution to the Literature on Refiecllve Teaching

Much of the literature on reflection has focused on ways 1o help deepen understanding
of difficult sitwations. Dewey, for example, stated (Dewey, 1993, pp. 100-101; cited in
Grimmett & Exickson, 1998, p. 6): .

The function of reflective thought s, therefore, to transform a situztion in which there is
experienced obscurity, doubt, conflict, distarbanee of some sor, into a siteation that is clear,
coherenl, settled, harmonious.

Schiia (1983, p. 46; cited in Grimmeit & Erickson, 1988, p. 9) described the process of
perceiving the problem as inherent in making progress toward its solution:

Whent we sed ihe problem, we select what we will treat as the “things™ of the situation, we
set the boundaries of our attention to it, and we impase upon it a coherence which alfows
us 10 say what is wrong and in what directions the sifuation needs to be changed.

1.oughran (1996, p. 14) stzted that

‘The purpose of refiecting is to mtangle a problem, or to make more sense of a puzzling
sihzation; reflection imvoives working toward a better understanding of the problem and
ways of solving it ...

Given the multitude of problerns that teachers face, such emphasis on resolving difficulties
through reflection seems reasonable.

An alternative view, however, is 1o focus on positives, to discern as “puzzling” instances
of success and to gather and interpred relevant dala, perceive and consider alternatives, and
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program” (NRC, 1996, p. 51). Likely they were unaware of their teachers’ involvenientin
such activities.

Refation to More Typlcal Experiences In Learning Sclence

Many of the prospective teachers commented that the vision created by this process
was ho! characteristic of most of their prior experiences. Apparently many had had very
negative experiences In science courses, felt anxious about having to teach science, and
viewed themselves as uninterested and incompetent in science areas. Fooming a positive
vision on the first day was a first step toward changing these self-perceptions. The posters
demoastratedhat all of the prospective alrezdy knew something valuable about good science
teaching. We hung the posters on the wall in our classroom and atong the hall as visual
reminders throughout the term of what they knew about ways to foster sclence learning.

Unfortunately, many of the prospective teachers reported that they rarely saw science
teaching In thelr placement seltings or it they saw much more traitional approaches
1o science teaching than recommended in the standards documents. It would be easy for
them to conclude that the methods advocated in their university course were unreatistic
and impractical. However, their posters provided evidence from their own experiences that
these methods seemed to work when enacted. Forming their own personal frameworks for
science teaching may help them to persist i inquiry-based approaches in spite of lack of
encouragement or even discouragement from colleagues, Deborah, for example, weote the
following reflection aboul the influence of forming a personal framework on her teaching
(Robeits, 1998, p. 3}

‘This discovery of what I considered to be the four essential conditions to foster science
leaming shaped my philosophy of teaching. All of these conditions had been evident in
my phystcs class and my science teachlng methods etass. These discoveries also enabled
me to do my student teaching according to my philosophy and to withstand criticisat from
my cooperaling leacher and leacking supervisor, nefther of whom appeared to have an
understanding of inquiry teaching.

As indicated earlier, Deborah provided a receplive envirenment for the methods students
and student teachers placed in her classroom. She also influenced several colleagues in
hes school to undertake systematic reflection upon their own teaching practices threugh
participation in ateacher research group that met regularly afier school (Crutchficld, 1999,
Harris, 1999; Roberts, 199%; Robens & Bentz, 1999). Some of these teachers also served
as positive models for Emily’s methods students and for siudent teachers (Bethel, 1999;
Kagey, 1999).

Limitatlons

This study has many limiatlons. Drawings and wrillen responses cannot provide the de-
taifed insights that likely could be gleaned from a study based on in-depth interviews. The
prospective teachers’ reflections on positive science learning experiences may be biased
toward special events such as field wips; therefore, the apparenl absence of opportunities
for experimental design and vigorous argumentation may not be an accurate view of their
sclence teachers* instruction. We can not know whether learning situations that typically
were not pictured {such as using compulers) were missing because they were not valsed or
because they had not been experienced. Emily intentionally focused only upon perceptions
of positive science learning experiences. We believe such a focus tobe essential inchanging
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prospective teachers® attitudes from high anxiety about teaching science to growing con-
fidence, Although negative experiences are sometimes mentioned during small group and
whole group discussions, we have chosen not {0 document nor explore these. We also have
traced only one person's development from being a studeat in the methods course {o be-
coming ahighly competent mentor teacher. Many aspects of this development remain to be
articutated.

Directlons for Fulure Research

Interviews with prospective teachers entering the course could provide more in-depth
information about positive science learing experfences upon which they might boild in
fearning to teach. In particalar, one could peobe for instances, if any, in which they had
penerated their own questions and discussed their findings with colleagues. We also could
assess the prevalence and value of various categories by providing a list and asking them to
indicate which they had experienced and to what extent these experiences had been effective
in their tearning science. A follow-up study that involves other members of the Fall 1995
class also would be informative, In-depthintesviews and classroom observations weuld pro-
vide insights into their current approaches to science teaching. ln what ways, if any, have
they been able toimplement the visions of science teaching that they articulated as methods
students on the basis of their analysis of positive experiences in learning science? To what
extent do they feel they have been influenced by the many negative experiences in their
personal histories and the conveational realities of their schools? What do they remember,
if anything, about their science teaching methods course and what, if anything, have they
found to be usefil? What recommendations do they have for making the science teaching
methods conrse more effective? Also of interest would be further documentation and anal-
ysis of interactions among methods students, student teachers, and practicing teachers who
have valued and benefited from the reflective processes described here.

tmplicallons

Perusal of drawings of pesitive science learnfng experiences convey a consistent
message—students enjoy learning science when they are actively involved in doing and
thinking, in everyday contexts, with oppostunities for initiating their own explorations.
Developers of curriculem need to consider the long-term impact of their desigas, are they
crealing memotable activities thatmight be included inrefiections of positive leaming expe-
riences? Do their designs include opportunities for cogaging in argument and explanation?
Will their designs enable teachers to enjoy teaming science themselves as well asinteaching
their students?

Knowledge about prospective feachers® prior experiences in learning science is useful
for teacher educators who design and teach courses on methods of teaching science. Such
knowledge can guide planning instruction about science pedagogy just as knowledge about
commoan student ideas about the natoral world isuseful in planning instruction about science
principles. Teacher educators need lo recoguize that prospective teachers enter science
teaching methods courses with useful knowledge that can provide a sound basis for learning
fiow ta teach in ways that meet the recommendations made in reform documents. Aclivities
in methods courses should be designed to help prospective teachess expand these areas of
competence as their confidence grows.

Reform is likely to occur slowly, through incremental efforts such as those recorded
here. A physics depariment devoted resources to developing an appropiiate course for
future elementary school teachers. A coflege of education encouraged a faculty member to
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