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 After choosing a value for mass, students could 
choose to make a prediction. Figure 1-13 displays 
the four possible options. By comparing the current 
experiment to the previous one, the options were 
intended to encourage students to think in terms of 
patterns of results: in this case, the impact on balloon 

Figure 1-13. Computer screen with the prediction options in TRE Simulation scenario problem 1, grade 8: 2003

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

altitude of varying the payload masses. (Although 
more might have been learned by requiring students 
to key-enter predictions and interim hypotheses 
about the relationship between mass and balloon alti-
tude, limited assessment time discouraged this more 
in-depth approach.)
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 To help interpret data, students could make a 
graph, a table, or both. Clicking on the Make Graph 
button opened a dialog box that asked students to 
select a variable for the vertical axis (see fi gure 1-14) 
and then, in a subsequent box, for the horizontal 
axis. Note that students had leeway to get into trouble 

by choosing less relevant or incorrect variables for 
either graph axis; this design allowed an opportunity 
to determine whether students created interpretive 
tools related to the problem they were supposed to 
be solving.

Figure 1-14. Computer screen with dialog box for creating a graph in TRE Simulation scenario problem 1, grade 8: 2003

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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 Similarly, students could construct a table by 
choosing from the variables tracked in the instru-
ment panel. The resulting displays may, therefore, 
have contained relevant information, some relevant 
and some irrelevant information, or only irrelevant 
information. If, for example, a student chose to 
include all fi ve variables, the table would appear as 
in fi gure 1-15. A more helpful table for problem 1 

would be limited to the dependent and independent 
variables necessary to solve the problem—altitude 
and mass. For each subsequent experiment that 
students chose to conduct, a line of data was added 
to the table automatically. Students could sort the 
table on any variable by clicking on the appropriate 
column heading.

Figure 1-15. Computer screen with a table of results for one experiment conducted in TRE Simulation scenario problem 1, 
grade 8: 2003

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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 Note that the relationship to be discovered in 
problem 1 was a virtually linear, negative one: as 
mass increases, the altitude the balloon can achieve 
decreases. Figure 1-16 shows the display that would 

result from creating a graph with the relevant vari-
ables and experiments with a suffi cient range
of masses.6

Figure 1-16. Computer screen with a graph of the relationship between altitude and mass in TRE Simulation scenario 
motivating problem 1, grade 8: 2003

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

6 Students in the TRE study could have used non-technological alternatives like paper-and-pencil in place of creating an electronic table or 
graph. The extent to which such alternatives were used could not be determined.
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 When ready, students could click on the Draw 
Conclusions button to bring up a text-entry box, as 
shown in fi gure 1-17. This box called for students to 
construct a response to the problem about the rela-
tionship between payload mass and altitude and to 

support the answer with experimental observations. 
Before completing the response, students could 
choose to revisit an existing table or graph, construct 
new tables or graphs, or conduct more experiments.

Figure 1-17. Computer screen with the box for answering the TRE Simulation scenario motivating problem 1, grade 8: 2003

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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 Having completed their written responses, students 
were required to respond to a multiple-choice ques-
tion (see fi gure 1-18), which provided an alternative

measure for those individuals unable to express 
adequately their understanding of the mass-altitude 
relationship in writing.

Figure 1-18. Computer screen with the multiple-choice question concluding TRE Simulation scenario problem 1, grade 8: 2003

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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 The second Simulation problem asked students to 
determine the relationship between the amount of 
helium put in the balloon and the altitude that the 
balloon could reach. This time, the payload mass the 
balloon carried was fi xed. Problem 2 was conceptu-
ally more diffi cult because the relationship students 
had to discover was not linear. Rather, the relation-
ship took the form of a step function. That is, until 
a critical amount of helium was put in the balloon, 
the balloon did not leave the ground; once that 

critical amount of helium was achieved, the balloon 
would rise to a maximum altitude, then go no higher 
regardless of how much more helium was put into it. 
To recognize the relationship, students had to choose 
a suffi cient number and range of values and not draw 
conclusions prematurely; a premature conclusion 
would lead them to assume falsely either that the 
amount of helium did not matter, or that the balloon 
would continue to rise higher as it was fi lled with 
more helium. Figure 1-19 displays what the graph 

Figure 1-19. Computer screen with a graph of the relationship between altitude and amount of helium in TRE Simulation 
scenario problem 2, grade 8: 2003

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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looked like with the relevant variables and suffi cient 
experiments to reveal the step function. Figure 1-20 
shows the multiple-choice question that students were 

asked to answer after they entered the constructed 
response to problem 2.

Figure 1-20. Computer screen with multiple-choice question on the relationship between altitude and amount of helium in TRE 
Simulation scenario problem 2, grade 8: 2003

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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 Problem 3, the fi nal Simulation problem, was the 
most conceptually complex, as it required students 
to discover how payload mass and amount of helium 
worked together to determine the altitude that the 
balloon could reach. Thus, students not only had to 
think about which experiments to run and how many, 

but they also had to control for one independent 
variable while manipulating the other. To limit the 
complexity of the problem, the number of masses 
students could vary was reduced to three, as shown in 
fi gure 1-21.

Figure 1-21. Computer screen with the dialog box menu of choices for the independent variables in TRE Simulation scenario 
problem 3, grade 8: 2003

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.



26  Problem Solving in Technology-Rich Environments

 In problem 3, students had to discover a nonlinear 
relationship that took the form of a series of step func-
tions, one for each mass. Figure 1-22 displays what the 
graph looked like if a student had constructed the 

correct data display and had run a suffi cient number 
of experiments to reveal all three functions. Note 
that the maximum altitude for each step function 
decreased as payload mass increased.

Figure 1-22. Computer screen with graph of the relationship of altitude with mass and amount of helium in TRE Simulation 
scenario problem 3, grade 8: 2003

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure 1-23. Computer screen with multiple-choice question on the relationship of altitude with mass and amount of helium in 
TRE Simulation scenario problem 3, grade 8: 2003

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

 After entering a constructed response describ-
ing the relationship they discovered, the students 
were asked to respond to a multiple-choice question 

intended to probe the same relationship. The ques-
tion is shown in fi gure 1-23.
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 When students fi nished problem 3, they were 
asked to respond to several multiple-choice questions 
to see how well they grasped the physics behind the 
overall Simulation scenario. One of the questions is 
shown in fi gure 1-24; the oval next to the correct an-
swer is shaded. To respond to this question, students 
needed to have grasped that, short of increasing the 
size of the balloon, the only way to get the balloon to 
achieve a higher altitude would be to attach a pay-
load mass smaller than any of the masses available to 
students in the simulation.

 After completing these synthesizing questions, 
students could read an explanation of the physics be-
hind helium balloons, but they could not re-enter the 
simulation. The explanation was included because 
the TRE project team believed it was important that 
students leave the scenario with an accurate descrip-
tion of the science underlying the problems they had 
addressed. Finally, students responded to background 
questionnaires, as they had done at the conclusion of 
the Search scenario.

Figure 1-24. Computer screen with one of the multiple-choice questions concluding the TRE Simulation scenario, grade 8: 
2003

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.


	TRE screenshots


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




