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Technology Integration Enhancing

Science: Things

ake

Ime

A processs outlinedin which a professionaldevelopmenprogramallows
K-8 teachergo makethe transitionfrom a traditional classroomto one
wheretechnologyis imbeddedand becomesan integral part of teaching

and learning.

ProjecfTIES(Technologyintegra
tion EnhancingScience)afour-year
Technology Literacy K-8 project, com-
binegechnologyasatoolforteaching
andlearningwith earthandenviron
mentalscienceeducationTheproject
providesK-8 teachersn two school
systemsn the CentralPiedmontarea
of North Carolinawith professional
developmentas well as equipment
andmaterialsTheresourcegnabled
teachergo makethe transitionfrom
atraditionalclassroonto onewhere
technologyis an imbeddedand in-
tegral part of teachingand learning.
During this process,TIES teachers
participatedn professionallevelop
mentinvolving sciencecontent,the
inquiry process, student-centered
projects andtheuseof technologyas
atool for teachingandlearning TIES
teachershavetakenonleadershiproles
including presentationsat statescience
teachersand educationatechnology
conferencesindprovisionof profes
sional devel opment withintheir school
systems. Theprojectisbeing sustained
becausehe expertiseandleadership
resides within the schools.

ProjectTIES begarasaserendipi
tousjuxtapositionof threeseemingly
unrelated events. First wasthepublica-
tionof theNational ScienceEducation
Standards(National Research Council,

I
O[T]he idea of building
new understandings
thr ough active engage
ment in a variety of
experiences ovetime,
and doing so with
others in supportive
learning environments,
is critical for effective
professional
development.O

1996) .Nextwastheannouncemeruf
arequestfor proposalsoy the North
CarolinaDepartment of PublicInstruc-
tionfor theTechnology Literacy Chal-
lengeFund.Thiswasfollowed by the
hiring of a building-leveltechnology
specialisandsciencespecialistn one
school and atechnol ogy director inan-
other school system. Theseindividuals
approachea universitycollaborator
andaskedherto becomethe project
director. Subsequently, an external
evaluatowasrecruitedfrom another
university. Thusbeganafour-year saga
of change and innovation.

Things Take Time

Oltis clearthat, for science
and mathematics professional
development to be effective,
experiencedor teachersmust
occurovertime, provideample
time for in-depthinvestigations
andrefRection,andincorporate
opportunities for continuous
learning.[T]he ideaof building
new understandings through
activeengagemenin a variety
of experiencesver time, and
doing so with others in sup-
portivelearningenvironments, is
critical for effectiveprofessional
development(L oucks-Horsley,
Love, Stiles,Mundry, andHew-
son, 2003, p. 81-82).

Although the projectwasnearing
completionas this caveatwas pub-
lished, Project TIES was designed
with theprecepbf providingtendays
of professional development over
the courseof the schoolyear; TIES
allowedteachersthetimetoassimilate
newpedagogieandimplementhem
intheir classrooms. Changeisnot easy;
for pedagogica changeto occur, teach-
ersmustbe affordedthe opportunity
tolearnnewteachingnethodologies,
incorporatehosemethodologiemto
theirclassroonpracticesmodify any
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practicesthat do not work for them,
and retest the modibcations.

For this particular technology-
basedproject, it is accurateto add
the admonition that Orhings Take
Materials.O The intention was to
providesufbcientresourcesforteachers
to makethetransitionfromtraditional
practiceto aclassroonwherescience
and technology are imbedded and
become integral parts of teaching
andlearning.The availability of the
equipmentandsoftwarein sufbcient
quantity for easystudentaccessas
well as the know-how for usingit,
permittedstudentandteachersouse
technologyon aregularandfrequent
basisto allow for integratedproject-
basedinstruction. The combination
of new knowledgeand behaviorsas
aresultof professionatlevelopment,
combined with theneeded equipment,
helpedtoprovideprofoundandlasting
change.

Project Description

Theoverarchinggoal of the TIES
Projectwasto producea successful,
creative, and replicable model for
inquiry- and project-based instruc-
tion thatusestechnologyto integrate
scienceand other curricula. To at
tain this, teachers developed long-
term inquiry-basedscienceprojects
appropriate for their K-8 students.
Underlyingtheseprojects,aswell as
otherclassroomnstruction,wasthe
seamlesblendingof technologywith
science content and project-based
instruction.Theensuingprofessional
developmentnot only incorporated
project-designedactivities, but also
awide arrayof nationallyrecognized
curriculum materials and activities
including The GLOBE Program,
ProjectWET, StreamwatchGEMS,
and AIMS. These programmatic
components were phased into the

implementation over theproject@prst
threeyearswith full implementation
achieved irear 4.
Anothergoalwasthesustainability
of this project. This priority was
attained by way of bve strategies.
First, TIES implementeda process
of collaborativaeamefforts utilizing
the leadershipof experiencedllIES
teachersYearl andYear2 teachers
became mentors for teachers who
enteredtheprojectinYears3and4. This
allowedexperiencedeachersgimeto
gainconbdencevith thepedagogical
changesintheir classroomsbeforethey
wereresponsi blefor workingwith new
teachers. Second, experiencedteachers
assumed leadership roles as they
participatedn providingprofessional
developmensessionsn Years3 and
4. Third, the equipment,including,
computers, software, probeware, anda
digital camera, washousedinteachersO
classroomsin this way, technology
was available immediately for use

as an integral part of the teachersO

repertoireof teachingtools. Fourth,
teamsof TIES teacherslisseminated
knowledgegained andlessonslearned
fromtheproject asthey presented TIES
at scienceandtechnol ogy conferences
and at parentand faculty meetings.

The combination of
new knowledge and
behaviors as a esult of
professional develop
ment, combined with
the needed equipment,
helped to provide
profound and lasting
change.

Finally, participating school shavenow
includedTIES in their school-based
budgets, thereby ensuring continuation
of the project.

Collaborations

TheTIES Projectwasbuilt onthe
strongcollaborationf four schools
in two schooldistricts,the Centerfor
Mathematicsand ScienceEducation
in the University of North Carolina
at Chapel Hill (CMSE), the North
CarolinaDepartmentf the Environ
mentandNaturalResource@ENR),
LEARN NC (astatewidetechnology
network),theNorth CarolinaDepart
ment of Parksand Recreation,the
EisenhowerConsortiumat SER/E,
andtheGLOBEProgramTheCMSE
staff provided both professional
developmentand project coordina
tion; the otherbve partnergprovided
professional development for the
teachersluringoneor moreyearsof
the project.

TIES Project schools represent
a diverse K-8 student population.
The schools are located in both
suburban and rural communities,
two of the schoolsqualify for Title
1 funding; and minority enroliment
varies from 30% to 60%. The
CMSE brought strong leadership
capabilitiesingrantadministrationand
professionatlevelopmentaswell as
technicalguidancen developingand
implementingeducationa models. The
DENRbroughtexpertisén assessing
andunderstandingheenvironmental
resourcesof TIES school sites. Its
curriculum projects, including Project
WET and Streamwatchare national
programswith outstandingmaterials
that fit well with the K-8 North
Carolina StandardCourseof Study
LEARN NC, a statewidenetworkof
educatorsusing | nternet technol ogies,
provided teachingresources|esson
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plans keyed to the North Carolina
Standard Course of Study, and an

online outlet that allowed TIES
teacherdo sharetheir expertisewith

other educatorsAn integral part of

the project included The GLOBE

Program,a hands-onenvironmental
scienceeducationprogramcurrently
in usein nearly11,000U.S. schools
and more than 100 countries.

Objectives.

Project TIES had several
objectives: providing technology
within the contextof project goals,
acquiring adequate technology for
partner schools to insure access,
providing opportunities for TIES
participantsto learn to utilize their
school grounds to enhance their
instructioninthecontext of thescience
curriculumandtechnology; providing
opportunitegor TIESleaderdoshare
their expertisewithnew TIESteachers,
aswell asother teachersintheir school;
andformingacolloboratiorof partner
schoolsto enhanceandsupporteach
othet

Implementation

Technology can be a powerful
entity in classrooninstructionwhen
adequate resources are seamlessly
incorporated into instructional ap-
proachesandstrategiesOneway to
accomplishthis is to provide teach
ers and studentswith a vehicle for
instructionthatbringsapplicationgo
the world beyondthe classroomTo
implementthesereal-world projects
successfullyteachersmust develop
skillsinintegratedinstructional strate-
gies, have exposureand experience
with specibcprojects, and beprobcient
intheappropriateuseof technology as
atoolforinstructionandlearningAd-
ministrativesuppori&andparticipation
is crucial. SigniPcantcommitments

Technology can be

a powerful entity in
classioom instruction
when adequate
resources ae seamless
ly incorporated into
instructional approaches
and strategies.

of personnelpbnanciaresourcesand
time arerequiredfor a single school
to makeimprovementsn theseare
nas. The need for collaboration is
importantso teachersstrugglingfor
time to makeimprovementsn their
individual classroomsgdo not waste
time Oreinventing the wheel.O

In the October 1,1998, issue of
Educationeek Jef Archerreported
on research conducted by Harold
Wenglinsky, an associate research
scientistat EducationalTesting Ser
vice. According to Wenglinsky the
positive benefits of technology®
effectivenessdependson how it is
used.OOneof the positive benebts
of technology€effectivenessiepend
onhowteacherandstudentselateto
eachotherOArcherconcurs,saying,
O...a growing numberof education
technologyadvocatesargue that the
G@onstructivistOapproach toward
learningN in which students work
in rich environmentf information
andexperiencepftenin groups,and
build theirownunderstandingabout
themNtapsintothecomputef@great
eststrengths.@rcher further quotes
William Fiske, educational technology
specialistat Rhodelsland® Depart
ment of Education,OKidslearn by
doing, by presenting, by displaying, by
engaging. Learning happensbestwhen

theyoungstersaredoingtheheavy lift-
ingQ(pp. 6-10). Theseremarksspeak
directly to the impacta projectlike
TIES can have on students.

To build andapplyskills for using
available infrastructure effectively,
eachyearTIES classroomteachers,
project support staf, and adminis
trators participated in ten days of
professionabdevelopmentincluding
two daysat the North CarolinaSck
ence Teachers Association annual
conferencand/ortheNorth Carolina
EducationalrechnologyConference.
Professionadlevelopmenintroduced
authoringtools,word processingda
tabases, spreadsheets, andtheeffective
useof thelnternet(includinglinternet
mechanicsWeb Questinquiry proj-
ects,variousscienceJRLs, andweb
siteevaluation). Ita soprovided hands-
on experiencefor theunderstanding
of sciencecontentNespeciallyin the
areaof earthsciencewhich success
fully blendedwith theTIESOoutdoors
as a classroomO focus.

TIES teams implemented proj-
ectsbasedon contentandintegrated
instructional strategies developed
during professional development
sessions in their own classrooms.
This implementation strengthened
teambuilding, leadershipskills, and
mentoring opportunities for TIES
teachersandadministratorsin TIES,
thepowerof technologymegeswith
aconstructivispedagogyn student-
centered,project-basedclassrooms.
To supportcurriculumandstandards
requirementsTIES projectdevelop
mentusednstructionabpproacheas
describedbelow Thesepedagogies
are advocatedin the many current
publications stemmingfrom recent
brain researchsuchas How People
Learn: Mind, Experience, and School
(Bransford, Brown, and Cocking, eds.,
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1999), TeachingwiththeBraininMind
(Jensen1998), andA Celebrationof
Neuons: AnEducato@Guidetothe
Human Brain(Sylwester1995).

¥ Constructivist, Student-Centered
Learnings: Studentslearnbestwhen
theyconstructheirownknowledge
based on multiple experiences
with a conceptor skill. Through
active,hands-orexperiencesthey
correct their misconceptions, extend
whatthey know, andconnectheir
knowledgeto other conceptsthey
understand Studentmotivation is
enhanced when students pursue
answers to questions they have
developed.

¥ Collaborative Learning: Most
students like to work with their
peersand learn more from doing
so. Working collaboratively is a
required workplace skill for the
Information Age. Many everyday
activities are collaborative, with
studentsworking in small groups
to solve a problem.

¥ Authentic Learning: Students
learn best when their learning is
not artibcialNwhen activities are
authenticand connectedtotheworld
outside the classroom.

¥ Student as Worker, Teacher as
Facilitator: A teacher serves as
a facilitator to student learning
by arrangingthe environmentso
that students will ask important
questions and discover ways to
answer them.

¥ Sustainability Therearetwo types
of sustainabilityconnectedo this
project: 1) intra-school sustainability
withintheschool(s), whereaproject
beganafter externalfunding was
expended; and 2) inter-school
sustainabilityattachedto projects
that aremodel sabletobetransferred
to and usedby other schoolsand

districts. Project TIEShastheability

to promote both types.

Intra-schookustainabilityequires
having key elements of materials,
equipmentpersonnelandleadership
in placein aschool(ssoaprojectcan
continue after funding expiresN to

Local school district
budgets have been
modiPed to accomme
date updates and
repairs of project
hardware and softwae.

havea Olifeof its own,Gsoto speak.
ContinuedPnanciasupportoupdate
equipmengandreplenisikconsumable
materialgsusuallynecessargswell.
To spreadvithin aschool jt mayalso

so participants understand how to
implemeninquiry-andproject-based
instructionthat usestechnologyasa
tool forinstruction. Returningteachers
havea soemergedasleaderstoprovide
on-going professional developmentto
others in their schools and districts
In additionto projectparticipants,
othersin thedistrictsandcommunity
havebeeninvolvedin ProjectTIES.
Area teacherspuilding and central
office administrators, and parents
know aboutand supportthe project.
Presentationaboutthe projecthave
been madeto County Commissioners;
parent-teacher organi zationshavebeen
hel pful infundraisingfor variouscom-
ponentof theproject;building-level
administratordravebeeninvolvedin
theplanning andimplementation of the
project;andotherteacherdiavebeen
includedin professionatievelopment
presentationg.heseactionshavecre-
ated school-level involvement, aswell

be necessary to have a project that isas community support,which have

adaptabldy virtue of scalabilityand
replicability. The project,asit exists
in particularclassroomsnayneedo
be modibedo besuccessfuin other
classroomsThesdattertwo qualities
arediscussed bel ow under inter-school
sustainability

Great efforts were made with
Project TIES to ensure it has the
supporineededo continuein current
schoolslong after the conclusionof
thegrantperiod Hardwareincluding
computers, probeware, and digital
camerasand softwarearein place,
and professional development has
beenprovidedto enableteachergo
utilize this equipmentand materials
in aneffective mannerLocal school
district budgetshavebeenmodibed
to accommodatepdatesandrepairs
of project hardware and software.
In addition, extensive professional
development has been provided

helped sustain the project.

Sincethe grantperiodterminated,
partnershipshat enhancedhe grant
havebeenputin placeandcontinue
to infBuence the schools. Because
of the project@ successes, others
within the schoolsandbeyondhave
shown a sustained interest in the
project. Current project schools
have committed Pnancialresources
to supportthe project,andplansare
in place for continued funding of
additional teachers and classrooms
at each school. Experienced TIES
teachers are poised to provide
continuedeadershifttheirschools.
They have shown their leadership
by being mentors to new TIES
teachers presentingat conferences,
and by developing and presenting
technology seminars.WebelieveTIES
teacherswill continueto displaythis
leadership.
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Inter-school sustainability is
attainedthrough adoption by other
schools and districts. Sustainable
projects must have the qualities of
replicability, theability tobeusedand
modibedby others,and scalability
the ability to work within schools
of varying size and budget.Project
TIES exemplifies both of these
qualities. Project TIES is debnitely
replicableNit canbereproducedn a
wide variety of settings.Becauseof
the dedicationof TIES participants,
aswell asthe designof the project,
TIES is well known within North
Carolina. Details of the project are
available from individual schools.
Web sitesdescribingand explaining
TIEShavebeerdevelopedy various
teachersandtheir classes. Information
aboutTIES has beedisseminateat
statesciencaeacherandeducational
computing conference sessions.

ProjectTIES is scalablebecause
it modelsgoodteachingandlearning
using technology as a tool for
instruction.It canbeimplemented in
any school settinginschoolsof varying
size,andit canbe usedat any grade
level. While hardwareis important,
thechangeprocessinherenttomoving
from onetype of teachingto another
is evenmorecritical. More thanjust
hardwards necessarfor changethe
changeprocessmovedteacherdo a
different way of using hardware.

Obstacles

While noneof the difpcultieswas
monumental,procuring and setting
up equipmentallocatingteachemand
classroomtime, and Pnding asufbcient
number of substituteswereobstaclesin
thisproject. Existingpracticescreated
an additional difbculty

To many teachers, the idea of
student-centered inquiry- and
project-basednstructionwas novel.

This new instructional approach
differed considerably from their
more traditional, textbook-based

To many teachers, the
idea of student-
centered inquiryb

and project-based
instruction was novel.

approachandthelearningcurvewas
sometimes steep. This, along with
lack of experiencewith technology
createdtonsternatiofor someWhen
frustrationsdeveloped,there was a
tendency toreverttotraditional modes
of instructionrather thanimplementing
inquire- and project-basedinstruction.
While some participantswere able
to begintheir projectsquite readily,
others needed more guidance and
support.

Eachyear, oneof themost signi bcant
andchallengingbarriersreported by the
projectteamwasadifbculty inherentto
any changeeffortN aversiontochange
or fear of the unknown.The change
from a traditional to a technology-
basedpedagogicabpproachis very
dramaticand met with resistancen
some classrooms.Overcomingthat
resistancethroughas ow andon-going
changeprocessandreachingthelevels
of enthusiasmmow in placein TIES
classroomsare certainly two of the
mostimportantaccomplishmentsf
the project.

Successes

At the beginning of each year,
teachers set goals and objectives,
plannedtheir projects, and proceededto

developandimplementhemwith the
assistancef projectstaf. Eachyeat
all TIES teacheramet the objective
of creatingthishands-orniechnology-
basegrojectwithin theirclassrooms.
In addition,astheprojectprogressed,
TIES teachersbecameinstructional
leaderswho took on responsibility
for professional development and
mentoring. They also participated
in project dissemination as they
presentegdessionatthestatescience
teachersand educationalcomputing
conferences. Other successes that
emepged from the evaluationof the
project included positive attitudinal
changegowardthe objectivesof the
project; developmentof technology
nights for parents; and statewide
administrator intern site visits to
TIES classroomsyith aneyetoward
usingTIES asamodelof technology
integration.

Schoolsin the projecthavestrong
technology and science resource
supportsystemsin place,including
TIES mentorsfrom previousyears.
In spite of time issues,participants
who were in the project during the
prsttwoyearsvereveryhelpfultothe
newprojectparticipantsTheyhelped
in thetechnicalaspect®f howto use
equipment and in the pedagogical
aspectof usingtechnologyasatool
for effective instruction. Returning
teacherswere very willing to share
classroom management technigques
with teachers struggling to adapt
their classrooms to a new mode
of instruction. Participants have
beenparticularly pleasedwith their
presentationat statetechnologyand
science conferences. They report
that these presentations have been
challengingto preparebut alsogave
themincreasedevels of conbdence
in their abilities as teachers.
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Results

The overarchinggoal of the TIES
Projectwasto producea successful,
creative, and replicable model for
inquiry-andproject-basethstruction
thatusestechnologyto integratesci
enceand other curricula. Quantitative-
ly, we sawanincreasén competency
rankingsintechnol ogy knowledgeand
skills, asmeasuredby the TIESTech
nologyExpertise/Comfoisurveyand
ontheLevelsof Useof Technologyin
theClassroomscal e(adaptedfromthe
CBAM research1987).0Otherevalu
ation strategiesincluded site visits,
workshop observations, interviews
with project personnel, interviews
with participantsandcommentards
ref3ecting attitudinal changes from
participants. Outcomes anecdotally
reportedby teachersncludeshiftsin
theirbeliefsandactionsfrominstruc
tionism to constructivism.

TIES Technology Expertise/
Comfort Survey was developed to
reRRectthe technologiesncorporated
into the project and to help
participating teachers gauge their
own perceptions of their progress
in learning to use the technologies
effectively. The surveywas a self-
report instrument, with rankings
from 0 to 10 (0 = no expertise5 =
someexpertiseand10=agreatdeal
of expertise).Participantsshoweda
gradualincreasein their expertise/
comfortlevelswith technologyover
the courseof the project, with the
exceptionof their brstyear. Duringthe
brstyear mostparticipantgeportech
dip in their Expertise/Comforscores
asthey cametounderstandthebreadth
ofthecapabilitief thehardwareand
developednorerealisticperceptions
of their actual expertise levels.

ThelLevelsof Useof Technologyn
theClassroomsel f-report scal e(adapted
from the CBAM researchl1987)was

administeredo all participantsn the
third andfourthyearsof theproject A
cleardistinctioncanbemadebetween
the levelsof useof participantsnew
to the project and those who had
beenwith TIES for oneor two years
prior to the administration of the
instrument.While new participants
reportecawiderangeof levelsof use,
beginningat Level 0 (Nonuse)and
continuingupwardthroughLevel IV
(Rebnement), noreturning participant
reporteda level of usebelow Level
[l (MechanicalJse).Also of interest
is the rapid movement of Year 3
participants up the Levels of Use
scale ascomparedo amoregradual
movemenfor teachersvhobegarthe
projectin the brsttwo years.Based
on participantcommentsto a series
of open-endedjuestionandontheir
interviewresponseghisis presumed
to be aresultof mentoringprovided
by Yearl and2 teachersaswell as
indirectexposurd¢otheprojectbefore
actuallybecomingapartof it. Year4
participantsshowedlimited growth;
howevertheywereonlyin theproject
for one year which is too short a
periodto allow for valid, reasonable
conclusions to be drawn.

The project team noted some
unanticipated benebcial outcomes.
Thecomment cardsusedfor formative
evaluationindicatedthattheinternal
mentoring, support, and coaching
network was much stronger than
proposers initially anticipated.
Additionally, teachersreportedthat
students wrote about their TIES
projectsvith muchlessproddingthan
in traditional writing assignments.
The projectteamwasalsosurprised,
not that teacherattitudinal changes
occurred,but by the extentof those
changesasevidencednthecomment
cardsThemagnitudeof observednd
anecdotallyreportedchangesrom a

didactictoastudent-centeredteaching
environmentwas much greaterthan
proposers anticipated at the outset

Implications

OFundamentddeliefs are formed
overtimethroughactiveengagement
with ideas,understandinggndreal-
life experiencedDeepchangeoccurs
only when beliefs are restructured
through new understandings and
experimentatiomwith newbehaviorsO
(Loucks-HorsleyS., et al., 2003, p.
49). For changeto occut thingstake

The change fom a
traditional to a technol-
ogy-based pedagogical
approach is very
dramatic and met

with r esistance in
some classooms.

time. This study exemplibes these
beliefs. Teachers who participated
in the projectfor threeor four years
showedgreaterchangesthan those
withonly oneor twoyearsexperience.
Only participantswho were in the
project for more than two years
reached_evel V (Integration)or VI
(Renewal)on the Levelsof Use of
Technologyscale;andnotall veteran
participanteverroseabovelLevel [V
(Rebne-ment)rhechangditerature,
aswell asour own experiencesvith
this project,haveled usto conclude
that significant behavior changes
requireat leastthreeto four yearsof
implementatiorandon-goingsupport
tobecomenstitutionalizedwithin the
classroom.
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