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Executive Summary

With funding from NASA, Project CHAMP investigated whetheAstronomy Village:
Investigating the Universitysupportsthe theory ofmultiple intelligence. Theresults
indicated thatAstronomyVillage doesindeed requirestudents to use aspects thieir
intelligence that are not normally used in schtasks. Inaddition to the positiveesults of
the research, CETesearchersvere able to develop anique collaborativestructure for
accomplishing the research. Projeg€HAMP supportedthe development of a new
frameworkfor linking theoreticalideas,such asmultiple intelligence, withtheir practical
implications for the classroomsuch asAstronomy Village. This framework iscalled
Testing Educational Theory through Educational Practice (TETEP). Througgtwerk of
existingAstronomy Villagéeachers, researchesgre able teestablish a testbdor testing
the theoretical ideas in practice. Proj@#HAMP was also able to take thdirst steps
towards commercialization ofstronomy Village through the WJU e-commerce site.
Finally, ProjectCHAMP was supported by anetwork of national experts inognitive
science, teachingssessment, and softwatevelopmentDue tothe success of both the
research itself and the model of reseatelieloped by Proje€@ HAMP staff, the CET is
seeking to establish the Institdte Research ithe Learning Sciencg$RLS). IRLS will
formalize the research model developed by Prdj¢tAMP and help to expand these of
the model to other areas of science education.



Introduction

Do schoolsprepare students tmeet the challenge afolving real-world problems? Dr.
Robert Sternberg does nbelieveso. He hagsleveloped the triarchitheory of multiple
intelligence, whiclstatesthat there are thredimensions ofintelligence: analytic thinking,
practical thinking, and creative thinking. Real-world problem solving usually eatiailzree

of these dimensions. According to Dr. Sternberg’s research, most schodletgisiks only
analytic thinking; therefore, students who are especially good at creative or practical thinking
do not perform well on these tasks. In order to foster growth albtigyreedimensions of
intelligence, Dr. Sternberg has found that instruction should involve all dimesnsions. In

that waystudentscan learn to solvproblems usingheir strongest dimension dhinking,

while at the same time be exposed to other dimensions of thinking.

Does AstronomyVillage®: Investigating theUniverse™ support Sternberg’driarchic
theory?With funding from NASA, Project CHAMP determined thafstronomyVillage
does indeed support all three dimensions of intelligence. Ninety students in a suburban high
school were administeredSternberg’sTriarchic Abilities Test. After using Astronomy
Village, studentswere administered a postteshat measured problem-solving ability in
astronomy. Analyses indicate ti#egtronomy Villageontains activities that cater to each of
the dimensions ofmultiple intelligence. Thastudentsvho wereespecially high irpractical
intelligence benefited the most from their experienith AstronomyVillage. For some of
these students, it was thiest time thatthey had expertise at solving problemsshool.
The most significant finding ighat not only did they perfornwell on the posttest, their
attitude towards science waso dramatically increased. Aescription of this and other
Project CHAMP studies appears below.

Benefits of Project CHAMP

* Project CHAMP benefited disadvantaged students in Wheeling by exposing them to the
wonders of astronomy. In one study, at-risk high sckagalents from Wheeling Park
High Schoolwerebussed to COTF gzart of their Principles of Technologyass to
useAstronomyVillage. This experiencenade science monelevant totheir lives by
allowing them to investigate compellimgiestions abouhe formation of the universe.
In fact, their teacher reportédat studentsvould oftendiscuss astronomy dheir bus
ride to and from school. In another study, children fritra James Paigé.earning
Center participated in a specially-designed sumgamp focusing on sun spots.
Studentsvereexposed to analysis techniquies investigating theSun. Their overall
experience was similar to tistudents from Wheeling Park that they walkedaway
with a better appreciation of the wonders of science.

* Project CHAMP benefited psychology students at Wheeling Jesuit Univédsity.the
course oftwo years,ProjectCHAMP provided authentic research experiefareeight
undergraduate psychology interns. These studmanticipated in data collection, data
processing, and analysis. Their contributiovese invaluableand providedthem with
practical experience that would enhance their capabildiegraduatestudy. Oneantern
in particular, Regina Shiayent on to developher researchwriting abilities. She
presented ProjedHAMP research at an undergraduate student research conference
and appears as an author on the multiple intelligence research report below.

* ProjectCHAMP will providefuture benefits to the state @WestVirginia through the
development of ampdated version oAstronomyVillage. Prior to Project CHAMP,
AstronomyVillage wasonly available orthe Macintosh. Thigorovidedlittle benefit to
West Virginia becauseschools in WestVirginia primarily use Windows-based
computers. ProjecCHAMP set as arobjective toupdate the softwaréor use on
Windows machines to the point thaiture research projects could leplemented in



West Virginia. Project CHAMP exceedduat objective byreaching the beta stage of a
cross-platform version ohstronomyVillage in Decemberl998. Abeta version means
that all of the major componertgavebeenimplementedbut the product stilheeds the
polish of a finished product. Project CHAMRade itpossible for COTF teontribute
a relatively small amount of money to complete a full upgradestwbnomy Village

* Project CHAMP provided benefits to theverall research agenda &OTF. Project
CHAMP hosted amini-Institute, which invitedexperts in educational psychology,
assessment, software publishing, astronomy, and physics education. It is rare that such a
diverse panel oexperts works together ithe design ofeducational research. These
experts conducted a reviewAdtronomy Villageand provided concreteuggestions on
how to conduct research amdaluation related téstronomyVillage. The outcomes of
the mini-Institute were specific suggestions for assessinggientific inquiry in
astronomy and specifisuggestions foconducting large-scale research Astronomy
Village. These suggestions provided the basis of the resdasiin behindhe Project
CHAMP research reportbelow. In addition, the genergfinciples underlying these
suggestions have proved to be instrumental for the overall research agensiacCHss
of the ProjectCHAMP mini-Institute hasled todesigns for dull Institute atCOTF.
The Institutefor Research irthe Learning Sciencewill provide a mechanism to
continue to bring diverse research expertise together within an intellectual center that can
fuel the development of general design principles for educational technology.

Project CHAMP Research Reports

This section provides a more detailed description of each aftulgesthat wereconducted
under the auspices of Project CHAMP. Full prepublication dfafteachstudy appear on
the CET Web site (http://www.cet.edu/research/papers.html). Thesgorts are being
submitted tgpeer-reviewedgournals forpublication.However,the submission process can
take up to a year from the time of submission to final publication.

Howard, B., McGee, S., Hong, N. and Shia, R. (1999, April). Sternihdugiple
Intelligences: Accommodatin§tudents'Abilities through Advanced Technology. Paper
presented athe annual meeting othe American Educational Research Association,
Montreal, Canada.

The purpose of this study was to examine the effect that dimensiongltgdfie intelligence
have onsuccess in usindstronomyVillage for learning science inquingkills. Over a
three-week periodstudents used\stronomyVillage as a resource to conduct research
investigations concerning current astronomical questions. Due to the inquiry-oriented nature
of the activities, wewondered howthis non-traditional learningnvironment might affect
students of differingabilities. In particular, wausedthe construct of triarchi@abilities
proposed by Sternberg (1985), which purports that human intelligence is comptiaee of
primary abilities:analytic, creativeand practical Sternberg (1985) further proposduat
studentswvho arestrongest inanalytic intelligenceusually perform thebest in classroom
situations because the activities conductedassrooms requirprimarily analytic abilities.

It was our belief that the activities i\stronomyVillage would allow students ofall three
abilities to perform equallyvell, but that studentswith strongercreative and practical
abilities would demonstrate improved attitudes towards scieaod astronomy.
Categorizing students according ttheir strongestability (either analytic, creative, or
practical), we examined hothey succeeded at cooperative learrtagks andhow their
attitudes towards science were influenced. Our findings indicated thasehefAstronomy
Village resulted in equakuccess for students nuoatter theirstrongestintelligence. In
addition, wefound evidence thastudentswho weremore practical orcreative in their
abilities benefited by developing more positive attitudes towards science.



Hong, N. &McGee, S. (1999Effectiveness astronomyVillage Instruction on
Scientific Inquiry and ConceptualUnderstanding in High School Studeni®echnical
Report, NASA Classroom of the Future, Wheeling Jesuit University, Wheeling, WV.

Using the same field setting as thebove reportthis study evaluates the impact of
Astronomy Villagen student problem solving in astronomy. Studeveee administered a
guestionnairghat measured their ability tsolve complexproblemsrelated to the nearby
stars, variable stars, and site selection modules Astronomy Village. Since students
selected fromall ten Astronomy Village modules, we createdosttest only comparison
groups betweenthosewho completed one of the three targeted modulesttavgt who
completed othemodules.The results ofthe study indicate thatAstronomy Village does
lead to effectivdearning outcomesStudentswho completed thgaths haddeveloped a
better conceptual understanding and produced better solutions to the problem.

McGee, S., Howard, B., & Hong, N. (1998, April). Evolution of Acaddmasgks in
a DesignExperiment ofScientificinquiry. Paper presented dhe annual meeting of the
American Educational Research Association, San Diego, CA.

ProjectCHAMP fundedthe thirdstudy in a desigrexperiment ofAstronomyVillage. A
design experiment is a particular approach s$tudying the implementation of new
educational materials. designexperiment takeplace in a testbednd involves a cyclic
pattern of designing specific lesson plangiplement educational materiatsying out the
lesson plans, and evaluating the results of the implementation. The evaluatioruseitheo
make adjustments to the lesson plans, which are then implementadwncycle within the
design experiment. In this Proje@HAMP-funded third study, at-riskstudents from
Wheeling Park High Schoelerebussed to COTF on @aily basis for fourweeks to use
AstronomyVillage. The previouswo studies ofthe design experiment hadocused on
pragmaticissuesrelated toAstronomyVillage, such adeedback on Logbook entries and
setting deadlinefor completion of activitiesThese studies had also pointeddifficulties
students had in engaging stientific inquiry. Specifically, students had difficult time
integratingactivitiesfrom one day tdhe next and connecting amdividual activity to the
overallresearch question diie investigation. Irthis third study, we designesvo major
enhancements to the implementation AstronomyVillage. First, we streamlineceach
investigationsuchthat studentswvould be able to complete three investigations in the same
time that it previously took tocompleteone. In thisway, studentswould have more
exposure tdhe entire investigationycle, which wethought would helghem to integrate
activitiesfrom one day tdhe next. Second, we engagedwhole class discussionabout
how individual activities were related to the ovecplestion. The resultsindicated that these
enhancements led to increadedkls ofscientific inquiry.Many of the enhancementhat
resulted fromthe designexperimenthave been incorporated to the sequelAstronomy
Village—Astronomy Village: Investigating the Solar SystamNSF-funded middlschool
version focusing on the solar system.

Hong, N. (1998). The relationshipetween well-structure@nd ill-structured
problem solving in multimedia simulation. Unpublished doctoral dissertation. The
Pennsylvania State University, State College.

This dissertation describes the development of the problem-solving test thasedam the
Project CHAMP studiesabove. Problem solving, especially complicatedl-structured
problem solving, hasbeen a major concern in education. Reseaxar thepast decade
provides qualitative ways of viewing the solution processes dfi-structured problems.
Researchers suggest that ill-structured problem solving has to support newualitatve,
components than those for solving well-structured problems. This study set forth to test the



theorythat the problem-solvingkills used fomwell-structured problemarenecessary but
not sufficient for solving ill-structured problems irthe context of an open-ended,
multimedia problem-solving environment. Two sets of open-eqdedtionsvereposed to
reflect students' solution skills invell-structured and ill-structured probleniisvolving
astronomy contexts. Additionally, various instruments including domain-specific
knowledge, structural knowledge, and justification skillswere developed tameasure
students'cognitive components foproblem solving. Finally, inventoriesuch asscience
attitude, motivation in astronomy, knowledge of cognition, and regulation of cogniien
employed tacollect theappropriate data of metacognitiand non-cognitive variables. The
results of this study verified past research conclusions that well-structured and ill-structured
problems require different components for reaching successful solueersll, cognition
and justification skillsvere criticalcomponents for successful solutionviell-structured
problem solving. Alternatively, metacognition, non-cognitregiables justification skills, as
well as cognition, werefound to beessential components neededstave ill-structured
problems.



