¢ 178 ¢ REBEAER AR T BHE -

AN

FEHEA AR - AHEETEGIIMAHT (McCormack, 2010) » [HL 5 R iTHY 5
EEGERELEALERIRERP] (Vygotsky, 2004) o A(FEHELEEARIEET] - EEA
ETEE - B BE TIPSR AL HEGEAETERRT R o TR ERI LA S A
Kekulé B HCOEESH —HRIERTEHOHWRBERE - EESHIEUR - I T RSN - £
R B LR T ENMG HRnvEEE - RS S 2 5 0P i] DUEHSOR RHEE B E (Robinson,
2010) « - fHEEHR - BRATEERIIERIEEFSE (Campbell, Mcwhir, Ritchie, & Wilmut, 1996 ) [
JE T HEEEEER (PRlEd) W - FRIEZEBESE T4 FHUEE - A. Einstein KAEE H
CLOEHIRITAIREEFINRS » RN BTt R BB - R BRI E - 7638 » RER
HIRFZE T (Pendry, Schurig, & Smith, 2006 ) » 3% &#EFEMEl (metamaterial ) FYZERE - BT H.
Potter FFEIE 5% - #R At THEIRAYATRE - FEAERIEI+ - MAGERIRG T I ER RAVESE
M ABGEREGIEFERE - BREGHEIEAE » Wk AL b — T E e B
SEMATEEE TR (Eckhoff & Urbach, 2008; Ho, Wang, & Cheng, 2013; Wang, Ho, Wu, & Cheng,
2014) -

K - BIEEHE RS T EERGIMELRSE I AA — R EAFHIRIE (McCormack, 2010) »
G hETEREMETRIEZITE - B 2013 4 4 J#E - ZELIBEZE Wi S8 (National
Research Council, NRC) "K-12 BlE2ZF 2884 | ( Framework for K-12 Science Education ) %t
e IERA T HCRIEZHE | ( The Next Generation Science Standards, NGSS ) » f 2 258}
K072 (disciplinary core ideas ) ~ RIFE2HL T2 E S (science and engineering practices ) » 552
FHBE2: (crosseutting conoepts ) % = (W BBAHI ] » FHRATAY—EILHPISAE I - R (LA
FEHIREHELER T - NGSS #iE HEREEAE (nature of science ) Horf—{f Ef@firffg 5 "
BB NEE IHIFER § (science is a human endeavor ) » A3 BIFEBI/ N = AR ~ HEL R mH
FAFERPEEL - i omah Al ARG T E R R E B - SRR RIEAIR SRS NS T
AE G JIFIEIE IR B A4S 5 ( The Next Generation Science Standards, 2013 ) » FHE AT 41 » FE {5
JIREGENE &SGR EHFEES) - MR RS EI A ] A fE R -

WA TEIIRESE  EERERI DL EIRER - ARANFEIEM A TR - fERFEEE
FPRRTARE IR SRR - 20 Cruz AT Smedt (2010) BEETRIZ2FRANA LA RBAVEGR - fRIHH
BRIBIEH G - DURABE 8 NSRRI 2] - BRI ER Ry —E T A Era s
77 4 (science as structured imagination ) - fI{f505 » & EEEACAIEFTEMLE - 812 EARH
VMR SEERER IR SR AKERE HE - DU RIS S5 [SERtE - T RTEIE AR E
HEHUEGHEAYLHRE  EEERREIRE(E " ARV ) (structured imagination )
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( Cruz & Smedt, 2010; Ward, 1994 ) » s EEFTEERIRIMEAEE 7 (scientific imagination ) Ff{% &
FRWIELRE ) —8 - B ERGREIER) » 275l (mental hops ) » MANEZEARZE A (leaps )
(Cruz & Smedt, 2010 ) -

FHFIH - Ho % (2013) JREE AR TTEEG I ERENRE HnvES - 2 HEERE
ER B IR+ Bl O A VRS B d s 1T 2 AR T L T8 L ENEE) - 2 Ho HFADIHFREA
FE2EHARE (the International Exhibition for Young Inventors, IEY1) #EEZ AT RSS2 - FER'E R
ik RGBS - A RMMEEE © ORI M AR (B BT TR S B N2 AR S AT R B Y R
12 » FRERAN AT RGN R EE =R TURE TR - I — (RS G T AR
IR+ ELREE o = HPEEL - 5 BB B EREES Cinitiation stage ) - BYEEFETEMEEY (dynamic
adjustment stage ) BHFEFE (EMEEY (virtual implementation stage ) » £F{[ S B N2 H N RIFYRE
SEBIE > 533k T 84877 | (brainstorming ) ~ " %87 | (association ) » ' 254877 | (transformation
and Elaboration) LK " #4877 | ( conceptualization, organization, and formation ) < JU{E#E
ZEm G FEE AR = (E RSB DUEERAY T - Bt - B ERER - Rt AR AR R R
oK o N AR A ER BT

&7 » Wang ~ Ho » Wu %% (2014) 1K Ho % (2013 ) HYRERRIEZURERRRE - DI S & Hm Yy
TR T —(ERIEEARE ) 3PS fE= ; #E—2F » Wang » Ho B Cheng (2015) BH2227% [LJERE
R » B Wilson (2005, 2009) #EHi .2 BEAR &%t ( BEAR Assessment System, BAS ) »
BRI ~ NEREARIERG ) 2 BEER - KB EEER - wREIFEE R T
HORMHEAE 5 75 SCHIES (Scientific Imagination Test-Verbal, SIT-Verbal ) » 24 (g2 R REPYF 15
HEFTRMAIES - RIE I ESR ATRE SIS AR » 0% E T RERR TR L R RE Y 2 o - DAURGR Y
AT BER - MG —EBRAE TR LA RS - EAESMER L 5S4 TS A BERUFT # » B
BARTRERYIHRE - DR 75 260 MR EEAF BH S « SRT - RIEARG I IRE SO IR G2 — - HI2A 5
ZIRMNEARGE S REJIEM e RN HERHE R - % EEEEE TR 28GR - B
EAZAEIRFR RG] - A2 B EHERZREE - 170 RE S 7E R Hh i 25 1 G i R K
AR ~ TRE LAYREE (Ho et al., 2013; Wang, Ho, Wu, et al., 2014; Wang et al., 2015 ) -
It BREMEEGEPIELE - MERERMERTEREAAS  BGIIcHE - &
— BRI RGICFFRANZEES RES IR - BT - BH HL B -

ITHEAR » G S ETH ) Rasch I (Rasch, 1960 ) K EA BRI - BEAE I &
BIEERRE - BN ERNOHEETELE - CEZHERNEE © LB S
(ECHR - 2004) - GIANZETIE SIS (G5 © 351~ RIELE - F0EE - FFI8E - 2016)
FFEELE (MRIaH - REERE - [EfaTE - 2013) - BIEE=RE (5REMW - 2013) - BEEE(FETE (3
A0 BA0E - 2013 ) REZAEFLARRES) (BBl - BEREE - BIRE ~ 555 0 2011) HE (AR
fi ~ REOLOE - BB - 2013 )  LBRERE CRE/VE - 250 FEEE - 2007) ~ JEREL (£




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF005B683964DA300C005000440046002800310032003000300064007000690029300D005D0020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


