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Abstract. Dynamic assessment (DA) has been advocated as an interactive ap-
proach to conducting assessments to students in the learning systems. Sternberg
and others proposed to give students tests to see how much assistance it takes a
student to learn a topic; and to use as a measure of their learning gain. To
researchers in the ITS community, it comes as no surprise that measuring how
much assistance a student needs to complete a task successfully is probably a
good indicator of this lack of knowledge. However, a cautionary note is that
conducting DA takes more time than simply administering regular test items to
students. In this paper, we report a study analyzing 40-minutes data of totally
1,392 students from two school years. The result suggests that for the purpose
of assessing student performance, it is more efficient for students to take DA
than just having practice items.
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1 Introduction

In the past twenty years, much attention from the Intelligent Tutoring System commu-
nity has been paid to improve student learning while the quality of assessment has not
been emphasized as much. In the US, state tests are causing many schools to give extra
tests. It would be great if ITSs could be used to do the tests, so that no time from instruc-
tion is taken away. Many psychometricians would argue that let students learn while
being tested will make the assessment harder since you are trying to measure a moving
target. Can ITSs, if given the same amount of time, be better assessors of students
(while also providing the benefit of helping students learn during that time period)?
Assessing students accurately without interfering with learning is an appealing but
also a challenging task. Dynamic assessment (DA, also called dynamic testing) [3]
has been advocated as an interactive approach to conducting assessments to students.
DA uses the amount and nature of the assistance that students receive to judge the
extent of student knowledge limitations (e.g. [3], [4], [S]) or measures student learn-
ing potential (e.g. [2]). ITSs are perfect test beds for DA as they naturally lead
students into a tutoring process to help students with the difficulties. We [1] have
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collected extensive information to assess students dynamically in a computer)-based
tutoring system (http://ASSISTments.org). In this system if a student has trouble
solving a problem (the main item, the system provides instructional assistance by
breaking the problem into a few scaffolding steps, or displaying hint messages on the
screen upon request. Although DA has been shown to be effective predicting student
performance, yet there is a cautionary note: since students are allowed to request
assistance, it generally takes longer to finish a test using the DA approach than using
a traditional testing approach.

2 Methods

Fundamentally, in order to find out whether DA was worth the time, we would want
to run a study comparing the assessment value of the following two conditions: Static
assessment condition (A): students were presented with one static test item and were
requested to submit an answer; Dynamic assessment condition (B): students were
presented with one static test item followed by a DA portion where they could request
help. Since ASSISTments had collected data with the information needed, we chose
to compare predictions made based on log data from 40 minutes of time across simu-
lated conditions that were similar but not exactly the same as above: Simulated static
assessment condition (A'): 40 minutes of student work selected from existing log
data on only main items; Dynamic assessment condition (B'): 40 minutes of work
selected from existing logged response data on both main items and the scaffolding
steps and hints. Such a simulation study not only saved time, but also allowed us to
compare the same student’s work in different conditions, which naturally rules out the
subject effect. We chose to use student’s end of year state accountability test score as
the measure of student achievement.

We considered two data sets, one from the 2004-2005 school year with 628 stu-
dents, and the other from 2005-2006 school year of 764 students. The online metrics
for dynamic testing that measures student accuracy, speed, attempts, and help-seeking
behaviors are simply:

Main_Percent_Correct — students’ percent correct on main questions
Main_Count - the number of main items students completed.
Scaffold_Percent_Correct - students' percent correct on scaffolding questions.
Avg_Hint_Request - the average number of hint requests per question.
Avg_Attempt - the average number of attempts students made for each question.
Avg_Question_Time - on average, how long it takes for a student to answer a
question, whether original or scaffolding, measured in seconds.

The last five metrics are DA style metrics and were not measured in traditional tests.
We ran stepwise linear regression to use the metrics described above to predict stu-
dent state test scores (the dependent variable). For condition A', the independent vari-
able of the simple linear regression model was Main_Percent_Correct; while for
condition B', it changed to be the collection of the DA style metrics.

Looking at the results, we noticed that in both years, students finished more test
items in the 40 minutes in static condition than in dynamic condition (22 vs 11 in the
first year; 31 vs. 13 in the second year). We examined the parameters in the
linear regression models esp. for the dynamic condition. The first three parameters
entered the models were the same in both years (with the order changed a little bit).
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Scaffold_Percent_Correct was the most significant predictor in the first year while in
the second year, it was Main_Percent_Correct. Also, in the later year 2005-2006,
Avg_Attempt was considered as a significant predictor while in the first year it was
Avg_Hint instead. We also chose to use Bayesian Information Criterion (BIC) to com-
pare the generalization quality of the model. In both years, the R squares of the model
from the dynamic condition were higher, and BICs were significantly lower than those
of the static condition, suggesting DA condition did a statistically significantly better
job at predicting state test scores than the static condition did. We also conducted
5-fold cross validation on the 2004-2005 data and noticed variables in the trained re-
gression models of the DA condition were consistent across the 5 folds validation. So
we took the average of coefficients from the five trained regression models and applied
the average model on the full data set. Mean absolute difference (MAD) was calculated
as a measure of prediction accuracy. The average model from the simulated static con-
dition and the DA condition produced MAD of 9.01 (out of 54) and 8.7 respectively.
The paired t-test suggested that there was a marginally significant difference (p=0.10).

Based on the results, we conclude that dynamic assessment is more efficient than
just giving practice test items. DA can produce more accurate assessment of student
math performance, even limited by using the same amount of testing time. This is
surprising as students in the dynamic assessment do few problems.

3 Conclusion

In this paper, we compared DA against a tough contrast case where students were
doing assessment all the time in order to evaluate efficiency and accuracy of DA in a
tutoring system. This paper eliminates the cautionary note about dynamic assessment
that says DA will always need a longer time to do as well at assessing students, which
further validates the usage of tutoring systems for assessment.

Acknowledgements

We would like to acknowledge funding from the US Department of Education, the
National Science Foundation, the Office of Naval Research and the Spencer Founda-
tion. All of the opinions expressed in this paper are those solely of the authors and not
those of our funding organizations.

References

1. Feng, M., Heffernan, N.T., Koedinger, K.R.: Addressing the assessment challenge in an
online system that tutors as it assesses. User Modeling and User-Adapted Interaction: The
Journal of Personalization Research 19(3), 243-266 (2009)

2. Fuchs, L.S., Compton, D.L., Fuchs, D., Hollenbeck, K.N., Craddock, C.F., Hamlett, C.L.:
Dynamic assessment of algebraic learning in predicting third graders’ development of
mathematical problem solving. Journal of Educational Psychology 100(4), 829-850 (2008)

3. Grigorenko, E.L., Sternberg, R.J.: Dynamic testing. Psychological Bulletin 124, 75-111
(1998)

4. Sternburg, R.J., Grigorenko, E.L.: All testing is dynamic testing. Issues in Education 7,
137-170 (2001)

5. Sternburg, R.J., Grigorenko, E.L.: Dynamic testing: The nature and measurement of learning
potential. Cambridge University Press, Cambridge (2002)



	Can We Get Better Assessment from a Tutoring System Compared to Traditional Paper Testing? Can We Have Our Cake (Better Assessment) and Eat It too (Student Learning during the Test)?
	Introduction
	Methods
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 0.15
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /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 0.15
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




