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A Study on a Method of Estimating the 
Difficulty of Quizzes Focused on Quiz Types 

Shinichi IKEDA†1 Teruhiko TAKAGI†2

Masanori TAKAGI†3 Yoshimi TESHIGAWARA†1

In recent years, tests which carried out on the web - “e-testing” have been attracting 
much attention. In e-testing, wider range of tests can be performed by preparing item 
bank managed as a statistical data, such as based on the difficulty level of quizzes. In 
general, Item Response Theory (IRT) is used to quantify the difficulty level of quizzes. 
In order to estimate the difficulty of the quizzes, students need to answer the quizzes in 
advance; However, it is hard to make students answer all quizzes in the item bank.

Therefore, a method of estimating the difficulty level of not answered quizzes is studied. 
The study estimate the difficulty level of not answered quizzes by focusing on quiz type. 
The difficulty level of the quizzes could be changed depending on how knowledge is 
asked. Thus, firstly the relationship between quiz types and difficulty level are analyzed. 
Next, from the result of the analyses, a procedure for estimating the difficulty level of 
quizzes focused on quiz types is discussed. The experiment results of comparing the 
proposed method with an IRT method showed that the value of the difficulty level 
estimated using IRT is close to the value estimated using the proposed method.
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Table 1 Quiz types 
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Figure 2 Difficulty comparison procedure of each quiz types 
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 2
Table 2  The average difference in the difficulty of each quiz types 

Pa -0.13758 
Pb -0.12756 
Pc 0.182587 
Pd 0.442029 
Pe -0.22627 
Pf 0.009115 

 3
Table 3 The average difference in the difficulty of each combination of quiz types 

Pa Pb Pc Pd Pe Pf 
Pa 0.024 -0.145 -0.471 0.248 -0.018
Pb -0.024 0.022 -0.535 -0.333
Pc 0.145 -0.022 -0.384 0.261 0.311
Pd 0.471 0.535 0.384 0.721 0.291
Pe -0.248 -0.261 -0.721 -0.539
Pf 0.018 0.333 -0.311 -0.291 0.539
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Figure 3 Calculation procedure of difficulty 
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Figure 4  Flowchart for calculating the difficulty of each similar quiz group 
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Figure 5 Adaptive test setting from the similar quiz group. 
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Table 4 Weight of each quiz types 

Pa Pb Pc Pd Pe Pf 
Pa 0 -1 -3 1 0
Pb 0 0 -3 0 -2 
Pc 1 0 -2 2 2
Pd 3 3 2 4 2
Pe -1 0 -2 -4 -3 
Pf 0 2 -2 -2 3
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Table 5 Results for each quiz types 

IRT 
Pa 2.6 -0.858 -0.834 0.417 20 
Pb 2.6 -1.010 -0.823 0.525 6
Pc 3.8 -0.757 -0.757 0.236 5
Pd 5.5 -0.456 -0.552 0.096 4
Pe 6.7 -0.869 -0.809 0.091 3
Pf 3.5 -0.885 -0.967 0.401 11 

3.4 -0.838 -0.833 0.359 49 

 6
Table 6 Error for each quiz types 

1 2 3 4 5 6 7 8 9 10 
0.58 0.38 0.25 0.26 0.00 0.26 0.29 0.33 0.04 0.01

6.

5

72

CollabTest 10

7 8
6

0.9735

 7
Table 7 Selection probability of each choices 

1 2 3 4 5 6 7 8 9 10 
1 43% 15% 21% 7% 67% 8% 8% 49% 17% 25% 
2 18% 15% 17% 14% 15% 8% 39% 21% 24% 13% 
3 17% 18% 32% 75% 7% 6% 32% 10% 53% 33% 
4 21% 50% 28% 4% 10% 78% 21% 21% 7% 26% 

 8
Table 8 Correct answer rate and standard deviation of each choices 

1 2 3 4 5 6 7 8 9 10 
43% 50% 32% 75% 67% 78% 32% 49% 53% 26% 
7.73 10.6 4.27 20.9 17.6 22 8.34 10.3 12.3 5.41 

― 1113 ―



 6
Figure 6 Comparison of correct answer rate and standard deviation 

7.

8.

CollabTest

[7] M.TAKAGI and Y.TESHIGAWARA. A WBT System Enabling to Create New or 
Similar Quizzes Collaboratively by Students, The Second IASTED International 
Conference on Education and Technology(ICET2006), Calgary(Canada), Proceedings 
of ICET2006,pp.263-268,2006. 

IRT
IRT

[1] , : e , , (2009). 
[2] , , , (2000). 
[3] : - , , (2002). 
[4] Baker, F. B.: The Basics of Item Response Theory .2nd ed. USA, ERIC Clearinghouse 

on Assessment and Evaluation, (2001). 
[5] , , :

, (SSS2008)
, pp.95-102, (2008). 

[6] , , :
, , Vol.50, No.10, pp.2426 2439 (2009). 

― 1114 ―



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.0)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


