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Abstract: This three-year longitudinal study reports on a community of principals that 
supports scaling of technology-enhanced science. Twenty-one principals participated; seven 
participated in the community and fourteen provided a comparison group. Data include 
community of principal meetings, interviews and curriculum implementation records. Results 
describe: (a) shifts in principals’ understanding of leadership for technology-enhanced science 
and (b) changes in numbers of teachers integrating technology-enhanced science over time. 
Research-based heuristics for developing community for scaling innovation are provided. 
 
We report on the design and impact of a local community of principals who support the 

implementation and scaling of innovative technology-enhanced science curriculum modules in their schools. 
Principals play a key role in curricular innovation but rarely have a background in science. We draw on research 
on teacher communities (Barab, Barnett, & Squire, 2002) and on science learning (Linn, Lee, Tinker, Husic, & 
Chiu, 2006) to guide our three year long investigation.  

 We invited all the middle and high school principals from schools participating in a research project 
investigating the impact of scientific visualizations embedded in inquiry curriculum modules to participate in 
the principals’ community. In the first year we worked intensively with these principals in six states to identify 
community practices that would help them succeed in integrating this curriculum in their schools. In the second 
and third years we studied the local community of principals. Principals who chose to actively participate in this 
local community enticed a larger percentage of their science teachers to implement the science curriculum 
modules than those who did not participate in the local community.  

Many research programs document the challenges of implementing and sustaining use of innovative 
technology-enhanced materials (Blumenfeld, Fishman, Krajcik & Marx, 2000; Varma, Husic, & Linn, in press). 
In our research, we created curriculum modules to address topics teachers found (a) difficult for students, (b) 
aligned with standards, and  (c) were likely to benefit from interactive computer visualizations. Results from the 
first year showed that these curriculum modules improved student understanding of the selected topics (Linn, et 
al., 2006).   

To sustain the success of this curricular innovation, principals need to provide professional support for 
teachers, acquire and deploy the necessary resources, and determine the role of the curriculum innovation within 
the school community (Spillane, Diamond, Walker, Halverson & Loyisa, 2001). There is typically little reward, 
and often considerable risk, for principals who associate themselves with reform. In addition, principals work in 
professional isolation which makes risk taking more difficult (Elmore, 2000). Professional learning communities 
have helped teachers improve their practice and overcome isolation (Franke, Carpenter, Levi & Fennema, 2001).  

Participants. Twenty-one middle and high school principals participated in this study; seven 
participated in the community of principals and fourteen provided a comparison group. All participating 
principals had at least one teacher implementing the technology-enhanced science curriculum at the beginning 
of this study. Participating principals’ schools are extremely diverse including large percentages of students 
qualifying for free/reduced lunches and are English language learners. In Year 1 we worked intensively with all 
principals to identify the community practices that support them to lead curricular innovation. In Year 2, we 
formed a local principals’ community by visiting principals (in 2 districts) at their schools and inviting them to 
spend two-hours, every six weeks in a collegial discussion focused on their issues concerning instruction. This 
local community of principals continued to meet every six weeks for two years. 

Design. This three year longitudinal study examines the design and impact of a local community of 
principals for scaling technology-enhanced science. Unlike typical district-led professional development which, 
as one principal in our study described, involves “going to these meetings where they just give you all these 
binders and you walk out more overwhelmed than when you came in…” (MC, Aug 2005), this community was 
shaped by the participants. For instance during one meeting the principals arranged for one middle and one high 
school teacher to come and talk about their experiences implementing the technology modules in their science 
classrooms. During another meeting, principals met at a middle school to observe a technology-enhanced 
science lesson. Over the two years of community meetings, the facilitator’s role declined as principal to 
principal interaction increased from 43% to over 80% of the meeting talk.  In the first year, the community 
dialogue focused on school goals and the challenges of teaching with technology. In the second year, the group 



focused on active gathering and evaluating of information about technology-enhanced instruction and 
identification of strategies for scaling. 

Impact. Principals’ regular, voluntary participation in the local community of principals over a three-
year period had a significantly positive impact in terms of scaling a technology-enhanced science curriculum, as 
shown in Figure 1.  

Figure 1. Comparison of the Percentage of Science Teachers using a Technology-Enhnaced Science 
Curriculum as a Function of their Principal's Participation in a Local Principal Community 
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The percentage of science teachers using technology-enhanced modules increased significantly (41% to 

82%), in comparison to schools whose principals chose not to participate in the local community (26% to 40%). 
It will be noted that in schools located out of state who could not participate in the community the percentage 
dropped significantly (33% to 9%). The data suggests that the complexity of implementing technology reform in 
science requires resources and commitment that depend on the active participation of the school leadership. 

Discussion. Scaling depends on the integration of curricular innovation with key school dimensions - 
culture, capability and policy - so that the innovation becomes a part of a school wide coordinated approach to 
improve student understanding (Fishman, Marx, Blumenfeld, Krajcik, & Soloway, 2004). Each of these factors 
impacted success in this study. For example, to increase capability, after learning teachers’ challenges 
implementing a technology science module, one principal arranged for an experienced teacher to have release 
time from her classroom duties to support novice teachers using a module for the first time. To transform school 
culture, all principals began to “check-in” regularly with their teachers implementing the modules to show 
appreciation for their extended efforts and learn their resource needs. To impact school policy, after learning 
about dynamic visualizations in science learning, two principals joined the district Technology Committee to 
advocate for integration of technology in district-wide science curriculum. 

In summary, a community of principals can support each other to transform their school culture, school 
capability and school policy to support integration of an innovative science program. Principals who participate 
also succeed in motivating more teachers to implement the curriculum innovation. Consistent with research on 
teacher communities, the success of the endeavor depends on willingness of participants to take leadership in 
their own professional development.  

 
References 
Barab, S., Barnett, M. & Squire, K. (2002). Developing an empirical account of a community of  practice. 

Characterizing the essential tensions. Journal of the Learning Sciences, 11(4), 489-542 
Blumenfeld, P., Fishman, B., Krajcik, J. & Marx, R. (2000). Creating Usable Innovations in Systematic Reform: 

Scaling Up Technology-Embedded Project-Based Science in Urban Schools. Educational Psychology, 
35(3), 149-164. 

Elmore, R. (2000). Building a new structure for school leadership. Washington D.C.: Albert Shanker Institute 
Fishman, B., Marx, R., Blumenfeld, P., Krajcik, P., Soloway, E. (2004) Creating a framework for research on 

systemic technology innovations. Journal of the Learning Sciences, 13(1), 43-76 
Franke, M., Carpenter, T., Levi, L. & Fennema, E. (2001). Capturing teacher’s generative change: A follow-up 

study of professional development in mathematics. American Education Research Journal, 38(3), 653-
689. 

Linn, M., Lee, H-S., Tinker, B., Husic, F. & Chiu, J. (2006). Teaching and assessing knowledge integration in 
science. Science, 313 

Varma, K., Husic, F., & Linn, M. (in press) Targeted support for using technology-enhanced science modules. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


