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Abstract

We describeherealong-termin-servicetraining programfor physicsteacherggradesr - 12)
designedo enhanceeacherssubjectmatterandpedagogicatontentknowledge Teachers’
opinionsof the programhavebeenexaminedwith a survey.Resultssuggesthatmost
valuablefor the daily teachingprofessionverethosecoursesandactivitieswhereteachers
hadpossibilityto co-operateyeflectandplanwith eachothersin smallgroups.

Introduction

In Finlandoneof themaingoalsin scienceeducationapolicy in years1990onwardhasbeen
to raisethelevel of scientificandmathematicaknowledgeandskills of pupils.Oneof the
approachesuggesteds long-termin-servicetraining programdor teachersn mathematics
andscienceExperimentahpproachs mentionedasonesolutionfor betterlearningin
Physicdn the nationalguidelinesfor schoolcurriculumby the FinnishNationalBoardof
Education(NBE 1994,p.96). It hasrepeatedljpbeenrecommendethattherole of
demonstrationgyracticalwork, andexperimentalityin generalshouldhavea moreimportant
rolein scienceeducationLUMA 1999)

Oneeffort to meetthesegoalshasbeenthe project,In-serviceTraining for PhysicsTeachers
(ITPT), whichis alongterm,30 ECTS-creditsin-servicetraining programfor physics
teachersn lower anduppersecondargchool(grades’ — 12). The projectwasorganisen
thebasisof physicsteacher'pre-servicetraining programat the departmenof physics.In
ITPT,asin manyotherprojectswhereteacherghrofessionatlevelopmente.g.,Solomonand
Tresmarnl999) collaboratiorbetweernteacherandreflectionwassupportedThereforewe
encourageéeachershroughdifferentexercisesdiscussiongn smallandbig groupsto inspect
their knowledgeandexperiencesharetheir experiencegeflecton thepresenteachingand
attemptedo improvethenatureof their approactto teaching Herewe describeandoutline
themainfeaturef theITPT,andevaluatat from the pointof view of its meaningo the
teachersaily work. The evaluationis basedn datagatheredy a questionnaire.

In-serviceTraining for PhysicsTeachers- project (I TPT)

Theln-serviceTraining for PhysicsTeachers- project,ITPT, wasinitiated at the beginningof
August1996.The projecthasbeenorganisedwice,in 29.7.1996- 31.12.1997and6.3.1998
31.12.1999A third projectwasstartedat 2000.It hasbeenaratherextensivecomplementary
educatiorprojectwhere207 lower anduppersecondanschoolphysicsteacherparticipated
from all overFinland.During the projectoneprofessorfwo universitylecturersandtwo
assistantgavelecturesandguidedworking in smallgroups.

Theaim of the ITPT-projectwasto developteacherstontentknowledge mostimportantly
understandingf the structureof physics,conceptformation,its methodsandepistemology.


Kaarle Kurki-Suonio
Inserted Text
www.iop.org/EJ/physed
 Physics Education (2002) 37 (2), 128-134


Equallyimportantwasthe ‘pedagogicatontentknowledge’ ,which includesknowledgeabout
thetypesof difficulties thatstudentexperiencetypical pathsthatstudentsnusttraverseto
achieveunderstandingndpotentialstrategiedor helpingstudentovercomdearning
obstaclesall of which aredisciplinedependenfcomparee.g.with Schulman(1987)and
Mestre(2001)).Specialattentionwasdevotedto experimentateachingapproactandtherole
of experimentalitymeaningheree.g.demonstrationgracticalwork andinvestigationsj)n
physicseducationn generalandespeciallyhow experimentalitycanhelp studentgo
understandhe meaningf conceptsandpromoteconceptualinderstandingAnothergoalis
to show,how throughexperimentalitya networkof laws of physicsis establishecndhow it
acquiresacentralrole in bringingcoherencen the knowledgestructureof physics.Also other
educatordhaverecentlystressedheimportanceof theseaspectsn trainingphysicsteachers
(Mestre2001).Experimentalitywasconnectedo moregeneraldiscussionsiboutthe
epistemologypntologyandhistoryof physicsduringlectures seminarsanddiscussionsn
smallgroups.This kind of approaclcanbe expectedo be a viableway to promotesuccessful
changesn teachingandlearningphysics(cf., AndersonandMitchner,1994,pp. 32-37).
Conseguentlyteachingapproachhasedon experimentalitywasintroducedandit was
practisedwith theteachersluringtraining program.

In additionto theabovementionedyoals,oneunderlyingtaskof the projectwasto helpthe
participantso becomeconsciousandto questiontheteachingphilosophy the thinking
habitsandthefixed instructionalpracticegheyhaveassimilatedn their professionThis
consciousnessye believe,is requiredto motivatethe changeandimprovemenin waysof
teachingandin instructionalpractices.

Trainingin the I TPT wasorganisedaccordingto the principlesof openanddistance
educationThecontacttrainingwasdividedinto severaparts.Therewere196 hourslectures
and44 hoursseminargduringthe contacttraining periodsin summerandatthe weekendsln
additiona largepartof this long-termtrainingwasself-directed distanceguidedwork in
groupsof two or threeteachersattheir schoolsites.Distanceearningwassupportedhrough
ane-mail-list, personak-mail- discussiorandchatsessionsTeacherdiadthe possibility to
co-operateanddiscussn smallgroupsandreflector studywhattheyreally know about
physicsandphysicseducationwhatkind of practisegheyhavein their classroomandwhat
theylearnedduringthetraining. This kind of reflectionis regardedasimportantpart of
learning(Gunstonel999,BriscoeandPetersl997)becauseét is knownthatteacherdendto
teachastheyweretaught(McDermottetal. 2000,Stein2001).1t is difficult to recogniseand
changeheestablishegbracticesvithout consciousselfreflection. Towardsthis endteachers
producedn smallgroupsfor exampleconceptmapsbeforelecturesandreturnecthemto the
lecturerbeforelecturesandwrote selfevaluationsf their learningprocessuringthe
laboratorycourse(seein detaillater). This,amongotherteachingnethodsn differentcourses
duringthelTPT, washopedto helptheadoptionof newteachingmethodghroughin-service
training,whichis knownto bea difficult task(Fullan1997).

ThelTPT projectconsistedf four separatdut closelyconnecteatourses.

1. Principlesof Concept~ormation(PCF) is a coursethatintroducescentralnotionsof the
physicsknowledgestructurejts epistemologyandmethodologylts purposéas notto teach
morephysicsbut to organisevhathavealreadybeenlearnt. The mainthemeof the courses
theanalysisof interplayof theoryandexperimentalityin the conceptfformationin physics,
andwhatarethe differentpossiblewaysto approactphysicalknowledge Learningand



scientificinquiry areseenasdifferentphase®r levelsin creatingknowledge During the
coursetheteachergprepared8 study-reports(summariesjor each2-hourlecture.ldeas
discussedluringthelectureswereappliedin seminarg14)to problemsof teachingand
learningof physicsin school.The evaluationof the coursewasbasedn study-reports.

2. ConceptuabndProcessuabtructuresof SchoolPhysic§ CPSSP analysedhe conceptual
andprocessuastructureof themainareasf schoolphysics.Attentionwaspaidto the
developmenof the hierarchyof conceptslaws andphysicalprinciplesasit arisesas
representationf empiricalmeaningsThis kind of knowledge typical for expertsjs needed
for examplen planningphysicseducationandespeciallyin guiding studentsproblem
solving(Mestre2001).Concepimapsdevelopediuringthe coursesystemicallysupportedhe
learningin CPSSPPreliminaryconceptmapsfor eachphysicaltheme(e.g.electriccircuit,
absolutismandrelativity) werepreparedeforelectures(56 hour)anddevelopedurther
duringgroupsessions.

3. Experimentalityin SchoolLaboratory(ESL)introduceshe methoddo planandcarryout
experimentanddemonstrationarticipantplannedn smallgroupsl10 structured
experimentateachingunits (e.g.,waves,causeandeffectin mechanics)in which each
experimentontributego the conceptformationprocessTheteacheralsolearnedhowto use
demonstratiomquipmentjncludingdataloggingmethodsTeacherdbecamerainedin
organisingpracticalwork, demonstrationandinvestigationsTheylearnedhow qualitative
experimentalityobservationsindclassificationshelpsstudentcreatemeaningdor
conceptsFurthermoreteacherpractisedquantitativeexperimentalityandespecially
graphicalpresentatiorof the data.Accordingto thefeedbackandpreliminaryplansfor
laboratorier demonstrationthe groupplannedandcarriedouttypically 5-10 qualitative
and5-10 quantitativeexperimentsn oneentiretyin their own schoolsFinal reportsconsisted
of descriptionf the demonstrationandthe practicalwork. During the writing process
teachergotfeedbackrom thesupervisoby e-mail. Evaluationwasbasedon final reports
andteachersself-evaluationof the working process.

4. History of PhysicgHP) wasa course which guidesto identify the similarity of the
processesf learningandscientificinquiry andto utilise the knowledgeof historicalconcept
formationin physicsteaching Altogethertherewere56 hourslecturesand22 hoursseminars.
Theevaluationwasbasedn seminampresentationgaverage80 pagesyndafinal
examination.

Amongmaterialshatweregivento theteachersverethebook'The MeaningsandStructures
of PhysicsMSP"(Kurki-SuonioK. andKurki-SuonioR. 1994),andseriesof 8 physicsbooks
(Lavonenetal. 1994)written accordingto the principlesdescribedn the MSP. A seriesof
textbookwasoriginally publishedo helpthe studentsat uppersecondargchoolto learnnot
only the basicconceptslawsandtheoriesbut alsohow their meanings formedby
experimentality.

Impacts of the training in ITPT

Two yearsafterconcludingthe ITPT | andoneyearafterthe TPT Il we madea surveyto find
outwhatwastheteachersbopinion of the projectandits usefulnes$rom the point of view of
their daily teachingprofessionln orderto examineteachersopinionsaweb-based
guestionnairevith 15 closedandoneopenquestionof studyingin the projectwasprepared.
Furthermoreye senta paperversionof the questionnairéo thoseteachersvho had
difficulties to answerthroughthe Internet.The answergo the openquestionwereanalysedy
building up categoriesandclassifyingthe answersnto them.



Theteachersvereaskedo participatein theresearchthroughane-mail-list. After thethird
reminder atotal of 98 teacher¢58 % female)replied. They hadanaverageof 16 -20 yearsof
teachingexperienceand48% of theteachersvereworking atlowerand16 % upper
secondargchoolandotherse.g.atvocationalschoolsjocal administrationrcommissiornor
headmasterg heteachersaughtphysicson averaged - 5 hours,mathematic$ - 10and
chemistry0 - 5 hoursaweek.74 % of theteacherfrada Masterof ScienceM.Sc.)degree
and23% aB.Sc.degree22%of theteachersiadphysics,16 % chemistryand36 %
mathematiceisa mainsubject.

Theteachersvereaskedo evaluatethe coursesandthe studyingmethodsatthe courses
regardingto the usefulnessf it in the everydaywork at school.Theresultsarepresentedn
figurel.

Figure 1. Teachers'opinion of the coursesand other activities at the in-servicetraining
during I TPT-project from the point of view of their daily teachingprofession.

Nearly80 % of theteacheransweringhe surveythink thatall lecturesandseminarsor
exercisesvereat leastof someadvantagdérom the point of view of their daily teaching
professionplanninglessonsmakingdemonstrationgyuiding studentsn problemsolvingetc.
Mostvaluablefor teachergrom the pointof view of their teachingorofessionvereactivities
in the courseExperimentalityin SchoolLaboratory(ESL) About 70 % of theteachersvere
of theopinionthatworking in smallgroups,discussingplanning,makingmeasurements,
writing reportsfrom their own projectswereof advantagendhelpedthemdeveloptheir
teachingprofessionThecoursePrinciplesof ConceptFormation(PCF) with emphasi®on the
philosophicabackgroundf theideaswasconsideredo beleastuseful.

Informal commentsaboutthe programandthe effectsof it to their daily work werealso
askedTheteachersverenotaskedo give anygeneralevaluationof the ITPT -project,but
theywerejust askedo give informal commentsaboutthe effectsof thein-servicetraining
programto their daily work. 29 gaveno answetto the question.-Theansweravereclassified
into 4 categories:

Changein the teachingstyle: Answersof 17 (17 %) teachersvereinterpretedsothatthey
hadadoptedatotally newapproactto theirteachingwhereattentionis givento therole of
experimentalityThis canbeillustratedwith thefollowing quotations:

- Theprogramhasaffectedvery deeplymyteaching- | havegota totally newview.

- My teachingstylechanged! realisenowtheconnectiorof thingsandthatyouhaveto have
a groundonwhichyoucanbuild up somethinghew.

- | usethe experimentabpproachmore.

New elementin teaching: 53 (54 %) of theteachersvho answeredhe surveymentionedhat
theyhadtakennewelementsintroducedduringthe ITPT -project,to their physicsteaching.
Most popularnewelementavereconceptmaps(31 teachers)storiesfrom the history of
physics(22 teachers)newlaboratoryworks (18 teachersandstudentsummarie®r reports
(13teachery 24 of theteachersnentionedwo or morenewelementgheyhadadopted.
Someexamplesre:

- Many practical works,whichl havenevercarried outbefore,inspiredme.

- Fromthecoursel caughtmanynewdemonstrationborrowedfrom somebodyglseor
discoveredy myself.



- Theshortcomingof myteachingfor manyyears,hasbeenthe poor knowledgen the history
of physics.Theprojectimprovedmyknowledgeand gavemeencouragemerb a continuous
hobby ,to usetheviewof historyin teachingphysics.

- | hadreadsomethingof conceptmapsbeforethe project,but only after the coursel had
courageandmotivationto usethemin myteaching.

Learning more physicsand professionaldevelopment:19 of theteachersnentioned
spontaneouslthattheyhadlearnedphysicsand25 of theteachersverethinking thatthey
haddevelopedn theirteachingprofessionslt wasmentionedor examplethat:

- | learnedmuchnewfrom modernphysics.

- Theprogramcontributedmostlyto my maturationasa physicsteacher.

- My professionakkill becamestrengthened lot, whenl recognisednyabilities andlimits.

In addition4 of theteacherstartedo evaluatetheir teachingor wantedto learnmoreabout
physicsandphysicseducationThis canbeillustratedwith thefollowing quotation:
-Theprograminspiredmeconsideringcloseranddevelopingnyteaching.

Others: 4 of theteachersnentionedaboutthe inspiringatmospherat the project.On the
otherhand5 of theteacherdelt thattheydid notlearnanythingduringthe ITPT -project This
canbeillustratedwith thefollowing quotations:

- | expectednuchmorefromthe coursethanl finally gotfromit. Thetraining wasmostly
traditional lectures,or rather thinkingaloud. Mostly the lectureswereoverpoweringo my
capability of thinking.

Still it (experimentabpproachkeemdso methatit is morelike a religion thana methodthat
youtruly canapplyin theschool.

In summaryaround80 % of theteachersvho answeredhe surveywereof the opinionthat
all lecturesandactivitiesin smallgroupsduringthe I TPT wereof someor plenty of
advantageo their teachingprofessionAbout 70 % of theteachersvereof the opinionthat
working in smallgroups,discussingplanning,makingmeasurementsyriting reportsfrom
their own projectswereof advantagendhelpedthemdeveloptheir teachingprofession.

Onthe basisof the survey17% of teachersvho answeredhe surveyreportecdtheyhad
adopteca newapproachwith emphasi®ntherole of experimentalityin concepformation.
54 % of theteachersnentionedhattheyhadtakennewelementgconceptmaps storiesfrom
thehistoryof physics newlaboratoryworksandstudentssummarie®r reports),introduced
duringthelTPT -project,to their physicsteaching.

Discussiomand conclusions

ThelTPT introducedbasicepistemologicaindontologicalaspect®f physics history of
physicsand,moreover practicalwork anddemonstrationgcluding dataloggingmethodsn
physicseducationlt turnedout thatteacheryvaluedmostthe course€Experimentalityin
SchoolLaboratory(ESL)andConceptualStructuresof SchoolPhysic§{CSSP) Thesecourses
focusedon activitiesthatteachergonsideredavingplenty of advantagendhelpingthem
developtheirteachingprofessionThisis to be expectedbecausédoth coursegjuite nearthe
subjectmatterandpedagogicatontentknowledgeteachersieedin their daily work. Also
studyingthe historyof physicswasvaluablefor teachergor samereasonslt seemghat
teachersdoptedn the courseHistory of Physic§HP) newelementsn theirteachingand
howto makephysicsmoreinterestingandrelevantby including historyandsocietyissuesn



physicscoursesTheresponseo the surveyindicatethatteachersisenow morestoriesor
otheractivitiesconnectedo the history of physics.

During ESL andCSSPteachersvork, collaboratan smallgroupsandlearnfrom eachothers
butalsogetinformationfrom their supervisomwhenit wasneededThis approachelps
teacherdo developstrategiesheycanapplyin schoolpracticefor helpingtheir studentgo
understananeaningf theconceptsMoreover,duringboth courseseachersiadto reflect,
studywhattheyalreadyknow from theareato be studied:within CPSSRheymade
preliminaryconceptmapsbeforelectureandwithin ESL theywrote preliminaryplans.We
selectedhis kind of approactbecausave wantedteacherso learnhow importantit is to
reflectandto becomeawareof whatonealreadyknowsaboutthemeto bediscussedThis
wasoneway to introducetheteachersheideasof pedagogicatontentknowledge The
teacherdaveto experiencénow importantit is to discusswith colleaguesprganisddeas
usinge.g.conceptmaps,andwrite projectplansbeforelecturesandseminarsThis approach
showtheteacher$ow they candirecttheir studentsn constructiorof sharedneaningswith
otherstudentsMoreover,it underlinedn learningtherole of ateachemwho knowsthe
structureof physics,natureof cognitionasanadaptiveprocessandwhatthe studentsalready
knows(Novak1989,pp.5-27) Furthermorepnereasorfor greatvalueof CPSSHnight be
thatduringthe courseteacherdbecomeamiliar with the conceptmapswhich theycanuse
with their own studentsin summaryduringITPT teachersveremostinterestedo reflect,
discussanddevelopnewlaboratoryactivitiesin smallgroups.

Ontheotherhandtheteachersverenot sointerestedn generalapproachesonnectedo the
philosophyof physicsandphysicseducationDiscussion®f the ontologicaland
epistemologicahatureof physicsandphysicseducatiorandespeciallytherole of
experimentalityn conceptformationduringthe coursePCFwasnot consideredsvaluable
asotheractivitiesduringthe ITPT. Obviouslyteachergpreferredoractical,andreadily usable
elementof the ITPT becauseheyarecloserto their everydayneedghanphilosophicaldeas
andprinciplesthatcouldalsobe appliedto schoolpracticeaslearnedduring the seminarsand
groupdiscussions.

About50 % of theteachersradadoptedhew elementghatwereusedasteachingmethods
duringthe I TPT. Therefore physicsteachingandlearningin K-12 canbe developedhrough
differenteffectiveteachingandlearningapproaches universityphysicseducation.
(McDermottetal. 2000,Stein2001). Moreover,accordingto feedbaclkcollectedfrom the
teacherst wasimportantthatteachersveregivenseriesof textbookandotherlearning
materialswherethey canseeexamplesow to developtheir lab worksanddemonstrations.
Our studysupportgheinterpretatiorthatin everydayschoollife, teacherslo not have
sufficienttime to createindividual studymaterialsor develophandson equipmentor
studentgcf. Driver andScott1996).

Wetried to organisdifferentkind of supportfor distancdearningperiods.In our case
teacher®valuatede-mail- discussiorlist andchatsessionso beleastsignificantof all the
activitiesduringthe project.On theotherhandteachersisedpossibilityto askhelpfrom their
supervisothroughe-mail. Thereforein further projectsmuchmoreattentionhaveto be paid
on howto fosterinquiry, encourageliscourseandinspirecollaborationduringdistance
trainingperiod.

Basedonresponset is obviousthatteachergarticipatingin this kind of in-servicetraining
projecthaveto havethe possibilityto co-operateanddiscussan smallgroupsandreflect
duringthetraining.In our project,it turnedout thosecoursesvhereteachergproduced



concepimapsbeforelecturesor projectplansbeforelaboratoryactivitiesin smallgroupswere
evaluatedy teachersmportantfrom the point of view of their daily work.
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Figure 1. The teachers'opinion of the coursesand approachesusedat inservicetraining
during I TPT -project.



