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During the 1980sa revolutionary
type of computer software called
Geographic Information Systems
(GIS) wasdevelopedor integrating
environmental data bases with
automated map makers, using
satellites called Global Positioning
Systemg(GPS) (Audet, Hushold, &
Ramasubramanian, 1993). GIS is
a tool for spatialdataanalysis.The
typical display of a GIS is a map-
basedimagewherelayersrepresent
distinct components or types of
information (Baker, 2000). These
layers can be manipulated,making
them accessibleto more data than
traditional cartography Educational
applications of GIS are gaining
attention, and promise to impact
classrooms. By emphasizing local
information GIS can makelearning
aboutthe environmentrelevantand
meaningfulin a global setting.GIS
allowsteacherso integratescientibc
disciplinesin theirresearcteffortsto
ask questionsand sol veproblemsabout
theirenvironmentWith theinclusion
of remotesensingdesktopGIS, and
Internet-basethappingteachersare
gainingopportunitiezo becomdully
immersedin the analysisof spatial
data(Baker 2000). Currentscience

educatiorresearctin GISinstruction
calls for moreteachemworkshopsto
prepareteacherstolearnabout Gl Sand
applyit in theirinstruction(Audet&
Abegg, 1996; Paladino, 2000).

Using GIS requiresa contentarea
as a context(Baker & Case,2000).
Thecontent areaand social problem of
salmonrecoverysupportghecurrent
elementarandmiddleschookcience
curriculumandmeetgheecosystems
standardor national(AAAS, 1993;
NRC, 1996) levels. The salmon
recoveryissueis alsoa goodsubject
to study becausehereare so many
local inBuenceghat canbe explored
through GIS technology

The National ScienceEducation
Standads (NRC, 1996) recommend
that all scienceteacherscontinueto
developtheir pedagogyand content

It has been
traditionally thought of
as difficult to prepare
teachers to use inquiry
methods to teach
science.

Using GIS Technology to Support
K-8 Scientific Inquiry Teaching
and Learning

A modelprogramfor usingGIS technologyis describedn the contextof
sciencecontentto help K-8 teachersbecomeprobcientin learningand
teaching through scientibc inquiry

knowledgethroughinquiry. Inquiry

is debPnedas raising an investigable
question, developing methods to

answer that question, carrying out

those methods,analyzing the data,
and reporting Pndings and making

conclusionslt hasbeentraditionally

thought of as difbcult to prepare

teachersto use inquiry methodsto

teachscienceThegoalof thecurrent
project was to provide elementary

and middle school scienceteachers
with contentbackgroundandinquiry

strategies for delivering effective

inquiry instructionfor environmental
problemssuchas the salmonissue,
through use of GIS technology

Theoretical Background

Though it has been deemed
important to teach science using
inquiry methods, it hasal sobeenfound
difbcultto prepargeacherdo do so,
particularlyelementaryeachersvho
have limited science backgrounds
andlikely no experiencen actually
conducting a science investigation
(Kielborn & Gilmer, 1999). Weaker
preparation in science could make
them weakerin their knowledgeof
sciencecontent(Atwater, Gardener
& Kight, 1991; Schoeneberger &
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Russell, 1986), and less conbdent
abouttheir skills in teachingscience
(Cox & Carpenter, 1989; Perkes, 1975;
Tilgner, 1990).

Giving K-8 teachersexperiences
with scientiPénquiry hasbeershown
to improve their understanding®f
inquiry, hopefully relating to their
abilitiesto applyinquiry to theirown
teaching(Kielborn & Gilmer, 1999).
Additionally, learningin contextis
important, (Saxe,1988), and thus,
this projectusedalocal controversial
sciencassueasa contextfor inquiry.
Baker and Case(2000) also found
thatcontentcanprovidea contextfor
scienceteacherdo learnto useGIS
technologyThus,thesciencecontent
providedby investigatinghesalmon
issue provided a context for both
scienceinquiry and GIS technology
learning.

The teaching methods used in
the project are based on Harlen®@
(1997) recommendations. Specibcally
participantavere(a) askedo express
their ideas about content studied,
(b) provided with opportunities
for explorationand involvementto
developtheir knowledgeand skills
through hands-oninquiry activities,
and (c) askedtoref3ectontheirlearning
to helpdevelopandassesshangen
knowledge.

Description of the Project

Five primary teachers (grades
1-3), ten middle school (6-8), one
para-educatorone school librarian,
one high school and one college
instructor enrolled in a specially
designedsummercourseat a Pacibc
Northwest university. Fifteen of
thoseteacher®nrolledin the course
asa part of their mastefd program.
All teacherdut one enrolledin this
particularcourseto learnmoreabout
thecontroversiaknvironmentaissue

Table 1. Summary of course participants.

Grade Levels Number of Teach Only Graduate
participants Science Student
K-3 5 0 5
6-8 10 0 9
High School 1 1 0
College 1 0 1
School Librarian 1 0 0
Para Educator 1 0 0

of salmon recovery. The librarian
enrolled in the course specibcally
to learnto useGIS technology One
teacher was specibcally a science
teacher, the rest were generalists
without special sciencetraining or
knowledge. SeeTablelforasummary
of participants.

The course instructor formed a
partnershipwithalocal company, Sail
Search, LL C,whohadaspecialty with
usingGIS and GPStechnology The
companyprovidedthe teacherswith
trainingintheuseof ArcView GIS3.2a
for bothdatacollectionandanalysis,
aswell astrainingwith handheldsPS
units (GarmineMaps).The teachers
receiveda full 7 hour day training
fromaGl Sspecialistfrom Soil Search,
LLC, inusingArcViewGIS3.2a,and
wererequiredto useit duringtherest
of the coursefor datacollectionand
analysisThespecialisivasavailable
by phone email,andoftengaveface-
to-face individual consultations as
teachersverelearningthe software.
The specialistwas also availableat
the end of the coursefor supportin
analysis of the data.

The course instructor provided
instructionininquiryteachingmethods,
as well as contentsurroundingthe
salmonrecoveryissue.ln the Pacibc
Northwestthis environmentalissue

is very controversialSimply put, the
issuesurroundswvhether andwhich,

species of salmon are endangered.

Contributorgo thedemiseof salmon
include but are not limited to:

dams, hatcheries, changing water

temperaturechangingwaterquality,

riverhabitatocearhabitatsandover

harvestingf bshatdifferentpointsof

theirlife cycles(Lichatowich,1999).
Additionally, othersquestiorwhether
thereactuallyisadecreasa numbers
of salmon,andraisethe point thatto

fully recoversalmonnumberdife in

the Pacibc Northwest would have
to returnto colonial days.Thus,the
sciencetopic was ripe for inquiry,

and GIS wasan appropriateool for

collection and analysis of data.

Description of Activities

Teachergparticipatedin a 7 hour
a day, two weekcoursethat focused
on learningto teachinquiry science
using a real-world problemthrough
GIS technology On the brstday of
the course the problem of salmon
recoverywasidentibPedandclaribed,
and teachersselectedfocus groups
onwhichto conductinquiries.Many
issues were identified that were
contributorgowardsalmorrecovery
butbecausefthesizeandtimelimits
of theclass thefocuswaslimited to
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pvetopics. Thesebvetopicsgenerated
by the teacherdor in-depthinquiry
were: dams, agriculture and land
developmenthatcherieswater and
environmentalhabitats,and Native
American perspectives.

The coursefacilitators organized
Peld trips and speakershat would
provide the teachers with diverse
views regardingthe salmonissues.
Ideally, the teacherswvould seekthe
informationthemselvedyutgiventhe
lengthof the coursethis organization
was donein advanceTeacherdid,
however conductother researchon
their own during the course. The
teachersheard from selectedguest
speakersregardingthe Endangered
Species Act and the Clean Water
Act, visited damsto seewhat ways
they were investigating protecting
salmon, visited the Conservation
District Ofpce andsalmorhatcheries
to getperspective®n whatis being
doneto producemore salmonthat
are geneticallyhardy and can keep
characteristicsimilarto wild salmon
(Levin & Schiewe 2001). Theyalso
heardfrom a guestspeakeiffrom the
Umatilla Tribe to hear viewpoints
from Native Americansandthe role
salmon plays in their culture and
economy. Additionally, the groups
had afternoons to conduct inquiry
into their own focustopics,andwere
charged with writing a summary
report and presenting that report
orallytotheirclassmatesoall shared
benepbtsof their investigations.The
culminationof the courseconsisted
of the classdebatingand making a
recommendation for resolving the
salmon recovery issue.

Within the scope of the above
framework, teachersalso learnedto
use GIS to help collect, organize,
analyze andpresentheir data.They
spent one 7 hour session learning

conceptuallyaboutGPS/GISyusing
theGarmineMapsandthenlearning
the ArcView 3.2a softwarefor use
during the rest of the workshop.

TheyidentiPedpeldsandmadedata
collectiontableshatwouldserveasa

starting point for eachfocusgroup. The

datacollectiontableswere modibed
and Plled in during the remainder

of the workshop as investigations

proceededl hedatatablescouldthen
be connectedo overlayingmapsof

areasin the PacibcNorthwestthat
matchedthe data, for instance,for

which damsin WashingtorStatehad

whatnumbersof Pshpassingoverit

duringcertainyears.Onthepnalday

of dataanalysigheteachersvereable
tocombinetheir dataanalysesintoone

layeredmapin which it waspossible
tocomparenumbersof Pshgoingover

eachdam,to numberf bshreleased
in nearby hatcheries,to harvesting
data, for instance. These numbers

could then be convertedto layered
graphicdata,enablinga comparison
of different factors.

Data Collection

Athree-itencontentjuestionnaire
wasgivento all teacherpreandpost
instruction,aswell asan eight-item
gquestionnairedesignedto tap their
understanding®f natureof science

There was a stong
need forin-depth
understanding of
teacherconceptions
and a desie to
appropriately

interpr et questionnaire
responses.

(SeeAppendix). Therewasa strong
needfor in-depth understandingof

teacherconceptionsand a desireto

appropriatelyinterpretquestionnaire
responses. Therefore ten graduate

students were randomly selected

to participate in semi-structured

interviews, Pve pre-instruction,and

bPve post-instruction. The teachers

were provided with copiesof their

guestionnairegndaskedoelucidate
theirpointsverballytotheinterviewer
(either a faculty memberor trained
graduate teacher). This approach

allowedtheuseofthepost-instruction
interview databoth to establishthe

validity of the questionnaires and

facilitatetheinterpretatiorof changes
in participants@ews. Theinterviews
wereaudiotapedandtranscribedor

later analysis.

The researchemaintaineda log
of daily classactivities, as well as
perceptionsof teacherlearning,use
of technology and inquiry. Teacher
logswerecollectedandreadfor their
developingdeasandunderstandings
of thesalmonrecoveryissuejnquiry
teachinganduseof GIS technology

Data Analysis

Initially theresearcher analyzedpre-
instructionquestionnairesfor baseline
knowledgeabouthesalmorrecovery
issue as well as understandingof
natureof science The authorsought
patterns in her researcher log and
teachers@gs for referencego use
of technology, specifically GIS
technol ogy, inteachers(latacollection
and analysis. Next the interview
transcriptswere analyzedsimilarly,
searching for patterns in teacher
understandingsf natureof scienceas
well assalmonrecovery, andreference
made to GIS technology. Viewing
the interview transcripts enabled
theresearcheto be assurecshewas
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interpretingquestionnairgesponses
appropriately further enhancingthe
validity of theanalysis. Postinstruction
gquestionnairesand interviews were
similarly analyzed, resulting in a
summaryof generalunderstandings
held by the class pre and post-
instruction. The summaries were
sought for patternsor categories, which
werecheckedagainstonbrmatorpr
contradictory evidence, and were
modibed.

Pre and post summaries were
compared to assess changes in
participantsinderstandingsof salmon
recoveryissuesnatureof scienceand
the use of GIS technology

Results
Understandings of salmon ecovery

Therewasquite a rangeof science
backgrounds$or theparticipantsn the
class. Teachershadtakenfrom 3science
creditsto 30. Many teachersin the
classemphasized educationor English/
languagearts as their undegraduate
majors. Thus, teacherswerenot science
specialistslt is not surprisingto see
thattheir initial understandingsf the
salmon issue were not substantial.
Table2 summarizeshe pre-andpost-
instruction responses.

Virtually all teachers who
participatedintheinstitutesubstantially
improved their knowledge of the

salmonrecoveryissue.In their pre-
instructionresponse$o what issues
they could identify that contributed
to salmondemiseonly 4 issueswere
identiped,and thesewere restricted
mostly tofourteenteachersstating that
dams(14) werethe causeof salmon
demiseandten(somddentibedoth)
commenting that over harvesting
was a contributor to salmon loss.
After instruction many more issues
were identibed,with the responses
being mostly to contributionsof (a)
hatcheries(9), (b) dams(8), (c) culture
andsociety€views,includingNative

American (7), and (d) water use (6).

Pre-instruction responses to the
questionnairéndicatethattherewere
many misconceptiongegardingthe
salmonlife cycle. Severalteachers
did not realize that sailmon were
anadromousand spenttime in both
freshand oceanwater They did not
generally know the namesof each
stageof the life cycle. However at
the post-instruction questionnaire
andinterview all teacheravereable
to identify the appropriatdife cycle
stages, and all knew that salmon
trekked from streamto ocean,and
backtostreamSeveraincludedother
details, such as the length of time
different speciesof salmonspentat
different points in their travels.

In responséo thequestiorof what
remediations were already taking

Table 2. Comparison of pre- and post-understandings of salmon

recovery issues

Pre- Post-
instruction  instruction
Number of Salmon issues identibed 4 20
Number Accurate Salmon
Life Cycle Descriptions 4 18
Number of Remediations IdentiPed 9 19

Because teachers had &
more informed view of
elements of natue of
science post instruction
as pre-instruction, it is
likely they will have a
more informed view of
inquiry .

place for salmonrecovery prior to
instructionteachersdentibpedonly 9
remediationswith themostcommon
response being the controversial
solution of breaching dams (11).
Following instruction the types of
recovery recommendations more
thandoubled with nineteerdifferent
responsed-hel3avoroftheresponses
changedas well. While there were
fourteenteachersvhoincludeddams
on their post-instructionresponses,
noneof them spokesolely of breaching
dams but moreof modibcationghat
were being madeon damsto make
them more salmon friendly

Understandings of nature of science

Teachers improved in their
understanding®f natureof science
(NOS), asevidencedfromacomparison
of their pre/post responsesontheViews
of Nature of ScienceQuestionnaire
(VNOS)(SeeTable3for anoverview
of theirresponsesBecausdeachers
hadamoreinformedviewof elements
of natureof sciencepostinstruction
as pre-instruction, it is likely they
will havea more informed view of
inquiry.

Prior to instruction most (18)
teachersould not statethat science
differedfromother disciplinesbecause
it required evidence, and yet after

|
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Table 3. Number of teachers with adequate views of target NOS

elements.
Pre- Post-
instruction  instruction
Empirical 0 9
Tentative 4 18
Creative and imaginative 18 18
Subijective (theory-laden) 14 18
Social and cultural 3 11
Observation vs. inference 4 18
Theories and laws 0 5

instruction 9 teachers stated that
science was differentiated from
otherdisciplinesbecauseét required
empirical evidenceto make claims.
Thus, teachers improved in their
understandings of the empirical
NOS.

TeachersOconceptions of the
tentativeNOSalsoimproved Priorto
instructiononeteacherbelievedthat
onceascienti bctheory wasdevel oped
it neverchangedOthersstatedthat
science bnds exact, bnal answers.
Following instruction 18 teachers
believedthat sciencewas tentative,
and with new evidence theories
can change,while the teacherwho
believedthatscientipaheoriemever
changewasnow uncertainabouther
response.

Priortoinstructionteacherslid not
hold completeunderstandingsf the
subjectiveNOS. From post-instruction
responsest is evidentthat teachers
improvedin theirideaghatsciencas
somewhat subjective. Indeed, someof
the subjectivity canbe dueto social

andculturalinBuencesandteachers®

viewpointsof the socialandcultural
element of NOS also improved.
Teachers@ews of the distinction
between observation and inference
alsoimproved.Followinginstruction

teachers recognized that scientists
couldusetheir creativity ininterpreting
evidence when developing models
thatrepresenteality (i.e., an atomic
model) whereasprior to instruction
four teacherdelievedscientistshad
toactuallyobserveandseesomething
to be ableto makea claim for their
explanations.

Prior to instruction 15 teachers
believed that theories are untested
ideas,andlawsareprovenfacts.The
othersbelievedthat theorieswould
become laws after they had been
acceptedor Obetteproven.QAfter
instructionfourteacherstill heldthat
idea, but bveteachersheldtheaccepted
view thattheoryis anexplanatiorfor
alawwhichis observableandothers
haddevelopedimilarideaghatwere
closer to the accepted view

Use of GIS technology foilnquiry

Four themes emerged from the
dataregardinghow GIS technology
can be used to support inquiry
teachingand learning. First, it was
found thatteachersommentedoth
verbally andin their logs aboutthe
role of technology particularly GIS
technology, on their learning of
the inquiry teaching process. One
representative comment was Ot

seemghattechnologyis makingthis
datacollectionboth easierand more
difpcult.ltismoredifbcultatbrstbut
oncel getthehangofit, | canorganize
my data quicklyO

Secondwhenteachersesponded
on nature of sciencesurveys,they
included the importance of GIS
technology in helping to develop
scientibc knowledge and thinking.
Forexamplepneteachewroteonher
questionnaireDechnobgy, like GISis
helpful in developingscientiPddeas
becauset can extendyour senses,
make it easier for you to observe
differentthings.@\nothersaid,OThe
GISis particularlynice becaussyou
canorganizeyour datainto different
layersand seethings you might not
haveotherwiseseeninyour data. It can
help build scientibc knowledge.O

Third, teachers mentioned
difpculties associatedvith learning
GIS. It appearedvery importantto
have the supportavailableto them
to help overcomethesedifbculties.
Oneteachementionedn herlog Oif
it weren©Ofor being able to contact
Jason(the GIS specialist)] probably
nevemwould havebgureduttheGIS
pelds.@nothernoted,OlOmlad we
hadwork time in thelab while Jason
wasthere.If hewasn€therel might
not havebguredit out. QA nother stated
in aninterview Ousually just don®
havetime or theresourceso learna
newsoftwaregprogramnomattethow
benepciait mightbein thelongrun.
It wasgoodto haveboththetime and
the supportfor learningthe ArcView
program.Q

Finally, teachers commented on
howtheycouldatlastseehowinquiry
teachingcould be approachedThey
did not get OboggediownOin data
analysisputrathercouldspendheir
time interpretingthe dataasit was
displayedin differentwaysin their
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It is apparent from

this study that with
time and support
teachers can use GIS
technology to enhance
their inquiry science
learning, and hopefully
that will translate into
a positive teaching
experience for them

as they put it into
classioom practice.

ArcViewprogramOneteachestated
in aninterview Oltwas helpful to be
ableto look for trendsin thedataand
seepatternswithout havingto do all

kinds of wild calculationslIt helped
mein interpretingthe data.@nother
statedon herquestionnaireQlbnally
getinquiry! It seemd wasalwaysso
focusedon gettingtheresultsl never
spentenoughtime bguringout what
theresultgeallymeantAndthatisthe
real purposeof inquiry! OAnd bnally,

fromthecourseevaluationOThisvas
a greatmodel for inquiry teaching.
And usingthe GIS wasscaryat brst,
but really helpedwhen interpreting
the data.O

Implications and

Conclusions

It is apparentrom this studythat
with time and supportteacherscan
useGIS technologyto enhanceheir
inquiry sciencelearning,and hope
fully thatwill translaténto apositive
teachingexperiencdor themasthey
putit into classroonpractice.From
this course the teachers were able

to participatein a scientibcinquiry

aboutacontroversiatopicthatgener

atedmuchinterest.Theywereableto

selectareasof interestaboutwhich

to design in depth inquiries, put

togetherthe information from their

groupandothergroups@aquiriesvia

GlStechnologyandanalyzethedata
againusingGlStechnologymakinga

reasonable recommendation for

resolving the issue basedon these
analysesTheywereawarethattheir

recommendations may have been

different had they selectedto focus
on differentcontributingfactors, and
if they had more dataand informa

tion in their given topicsaswell as
how they looked at the data. They
gaineda betterunderstandingf the

tentative nature of science,in part,

becaus¢heycouldlook atthedatain

differentwaysthroughthe ArcView

GIS software allowingthemto make
better interpretationsof thedata. Thus,

GIS technologyin scientibcinquiry

canpossiblyinBuenceconceptionsf

NOS; a topic for future study

From the teacher logs, course
evaluations, questionnaire and
interview responses, it is apparent
that teachershad an enhancedriew
of inquiry teachingat the conclusion
of the course. Additionally, from
viewingtheir presentationsand papers,
it is apparenthatthe GIStechnology
componeninhancedheir ability to
record, organize, and analyze data
allowing them to make important
interpretationsgor theirinquiry. A key
to the succes®f the GIS component
was the specialistwho was able to
provide both group and individual
supportas teacherswere using the
Gl Ssoftware. Another key tousingthe
softwareto enhancenquiry learning
was the requirementto do so, and
the sciencecontentas the context.

Without being requiredto learn the
GIS software,and giving time and
supportto learning,it may not have
beenasconvenientfor teacherstolearn
the software. Additionally, without
theproblem-solvingontextin which
teachersdesiredtoPndanswerstotheir
foci, theymaynothaveseeraneedor
learningor usingthe GIStechnology
A desireto usethetechnologyto bnd
ananswetrto their problemsgcoupled
with time and supportto learn the
technology helpedthe teachersuse
thetechnologyoassistheirauthentic
inquiry.

Theauthorsof thispaper recommend
that teachereducatorswho want to
promoteuseof technology by teachers
Pndauthenticeasondor teacherso
use suchtechnology to model how

A desire to use the
technology to find

an answerto their
problems, coupled with
time and support to
learn the technology
helped the teachers use
the technology to assist
their authentic inquiry.

thattechnologycanbeusedo support
goalsteachersnustalreadyhelptheir
studentsmeet (e.g. national science
educationinquiry standards)andto
provide time and support to those
teachersn learningsuchtechnology
Theauthorsfoundthemodel contained
within this reportto be an effective
way in helping teachers recognize
how technology, particularly GIS
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technology cansupporttheir efforts
in learning and teaching scientibc
inquiry.
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Appendix

Pre and Post-Questionnaire@Content
and Nature of Science).

Salmon Questionnaire

1. What issuescan you identify that
affect salmon recovery?

2. Pleasdalescribethelife cycleof the
salmon, including its migrations

3. Whatkindsof recommendationdo
youcurrentlyknow of thatarebeing
made to help salmon recovery?

Nature of science Questionnair

4. After scientists have developed a
theory(e.g.atomictheory),doesthe
theory ever change?1f youbelievethat
theoriesdo change explainwhy we
botherto teachtheoriesDefendyour
answer with examples.

5. Whatdoesan atomlook like? How
certainarescientistsaboutthe struc
tureof atomsaWhatspecib&indsof
evidencedoyouthink scientistsusedto
determine what an atom looks like?

6. Is therea differencebetweena sck
entibctheory and a scientibclaw?
Give an exampleto illustrate your
answer

7. Howarescienceandartsimilar?How
are they diferent?

8. Scientists perform experiments/in-
vestigations when trying to solve
problems. Other thantheplanningand
designof theseexperiments/investiga-
tions,doscientistsisetheircreativity
andimaginationduringandafterdata
collection?Pleaseexplainyour answer
and provide examples if appropriate.

9. Isthereadifferencebetweenscientibc
knowledgeandopinion?Give anex-
ample to illustrate your answer

10. Some astronomerdelieve that the
universeis expandingwhile others
believe it is shrinking; still others
believethattheuniverseis in a static
statewithoutanyexpansioror shrink
age.How arethesedifferentconclu
sionspossibldf all of thesescientists
arelooking at the sameexperiments
and data?
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