Problem-Solving in History: Strategy Games and Schema

Ben DeVane, Shree Durga, University of Wisconsin-Madison,
Email: devane@wisc.edu

Abstract: This paper connects the conclusions of recent research on video games and learning
to prior research on problem schemata and problem-solving. This study examines the
problem-solving practices of expert and novice young players of Civilization IIl in a game-
based learning program, and concludes that the problem schemata framework has power and
utility in analyzing problem-solving in game-based environments.

Introduction

Recent research suggests that the medium of video games are powerful tools for supporting learning
and academically-valued cognitive practices. (Squire, 2006; Steinkuehler & Chmiel, 2006; Shaffer, 2007). This
research argues that well-designed games for learning can provide players with the skills needed to survive in an
information-age economy and a culture of simulation. Because many commercial video games employ well-
documented principles of learning (Gee, 2003) — performance before competence, learning through doing, role-
related identities and scaffolded cycles of feedback — some educators and researchers have taken to using these
“off-the-shelf” games in educational endeavors (Squire et al., 2005). In particular, many successful video games
allow players to problem-solve with complex interactive models. While the successful learning outcomes of
these programs have been documented, little research has focused on the specifics of how players of games for
learning engage with specific problems as they play. This paper examines at the problem-solving strategies of
expert and novice participants in a game-based learning program that uses Civilization III to teach conceptual
history and geography, and argues that players read problems and categorically represent them internally using
domain-related schemata (Chi et al., 1981).

Theory

Chi et al. (1981) looks at the way that expert and novice categorize and represent physics knowledge
and, drawing on prior research on problem schemata, contends that in the early phase of reading and
representing a problem, experts use their declarative knowledge to initially activate and evaluate conceptual
knowledge structures that could lead to a solution using conditions of applicability. Experts then further test said
schema to determine its appropriateness. Once a correct schema is activated, the expert uses her or his
procedural and declarative knowledge to solve the problem. Novices, on the other hand, can be characterized as
having enough detailed declarative knowledge to represent the problem, but do not have a sufficient amount of
abstract procedural knowledge to solve it.

Method

Six participants, ages ten to thirteen, in an after-school program for low-income youth were presented
with a problem in a modified Civilization III scenario, a specific instance of the game. The three expert
participants had engaged in more than seventy hours of game play, and the three novices had played the game
between six and ten hours prior to the study. The novices were proficient enough with the game that they
understood the basic game controls and concepts.

Player were asked to discover how to construct a specific unit in-game. The game scenario had been
changed so that the construction of the unit now needed a specific additional natural resource to be connected to
a player's city. The problem was constructed to evaluate how well expert and novice players used the in-game
visualization tools and historic-information resources to solve problems involving changes in game play
mechanics. Prior studies of online communities of expert players had established that seasoned players routinely
create scenarios with modified rules and almost universally used said tools to keep track of each scenario's
extensive, often user-create, mechanics and rules.

This study utilized a “think aloud” protocol to try to gain direct feedback regarding the participant's
thoughts (Ericsson & Simon, 1980). Participants were first told that their goal was to discover how to build a
specific game unit, that the normal way to build said unit had been changed and that the in-game tools had been
updated to reflect those changes. In default scenarios packaged with the game, construction of the unit (a
swordsman) required players to research two specific civilization advances (bronze working and iron working),
find a specific natural resource on the game map (iron) and build a road connecting a city to the resource.
Participants responses were examined using the framework of Discourse analysis (Gee, 1999).

Results
A schema-based characterization of the differences between the problem solving of experts and



novices was generally consistent with the results of this experiment. All experts had represented the problem,
activated accurate schema for the problem and verbally described the solution within five minutes of being
given it. In contrast, the novices all struggled with the solution for more than twenty minutes. While the novices
had similar difficulties in creating a problem schema, the experts utilized divergent strategies in categorizing the
problem, building a solution path and solving the problem.

Two of the three experts actually verbally described the correct procedural solution before they could
enact it in game. Expert 1 initially adopted a solution schema connecting new civilization advances with unit
construction. Within three minutes he confidently challenged researchers on the construction of the problem
scenario, but, while researchers were taking a few seconds formulating a response, he created a more precise
schema that connected unit construction to civilization advances and available resources. He took three more
minutes to enact in-game the procedural solution that he built based on his new schema. Expert 2 verbally
provided an correct categorization of the problem schema — he noted that either the required civilization advance
or natural resources had been changed - and a precise description of the steps he would take with each solution.
However, he declined to enact these steps in game play, as he said he wanted to challenge himself. He then
proceeded to acquire the normally-correct civilization advances needed for the unit and started guessing which
natural resources were needed based upon their position. After connecting four resources to his city over the
course of ten minutes, he found the two needed resources to solve the problem. Expert 3 initially categorized the
problem as one that was primarily about civilization advances and tested in game play two different civilization
advances that she thought would solved the problem. After these initial tests weren't successful, she
recategorized the problem as one about resources. She then looked up which resources were needed to build the
unit, and successfully built the desired unit after eight minutes. While the three expert pursued varying tracks in
building a problem schema, testing the schema, outlining a procedural solution and executing the solution, they
all successfully represented the problem in terms of conceptual schema and built procedural solutions based on
said schema. In contrast, the novices all had trouble representing and solving the problem.

The novices had trouble representing the problem in terms of conceptual schema related to the game,
and consequently all failed the problem-solving task. The novices all held conceptualized civilization advances
as enabling unit construction, so their schema for the problem was that they need to find the right civilization
advance. Given this limitation of their conceptual knowledge, they all failed to formulate correct procedural
solutions to the problem. Two of the novices tried researching a civilization advance and then building a unit.
When this test of their solution to the problem failed, they were unable to think of any alternative solutions. The
third novice thought that he needed a “special technology,” or civilization advance, for a solution, but lacked the
procedural knowledge to describe how he might go about doing so. Such findings are consistent with the
characterization of Chi et al regarding the differences in expert and novice problem solving.

Conclusions

The schema-based framework for describing the relationship between cognition and problem-solving
aptly characterizes the practices of the expert and novice Civilization III players. This small, pilot study does
not pretend to have provided conclusive evidence that the framework has applicability to the entire range of play
practices in which Civilization III players engage, but it does point to the utility of using the framework for the
analysis of some practices in context. We plan to use this method as a foundation for further describing the
systemic understandings of the game model that players develop. Certainly, much more research is needed to
better describe the problem-solving practices of players of video games. Moreover, the question of how to use
scheme-based analyses in determining whether game-based models of history connect directly to academic
practices and knowledge still looms. While other research has shown that participants in programs that use
Civilization III as a curricular resource for history build robust model-based understandings of history, more
research needs to relate these longitudinal studies to the specific problem-solving activities of young people in
these settings.

References

Chi, M. T. H., Feltovich, P., & Glaser, R. (1981). Categorization and representation of physics problems by
experts and novices. Cognitive Science, 5, 121-152.

Gee, J. P. (2003). What video games have to teach us about learning and literacy. Palgrave/Macmillan: New
York, NY.

Gee, J. P. (1999). An Introduction to Discourse Analysis: Theory and Method. London: Routledge. [

Shaffer, D. W. (2007). How computer games help children learn. New York: Palgrave Macmillan.

Ericsson, K., & Simon, H. (1980). Verbal reports as data. Psychological Review 87 (3): 215-251.

Squire, K.D. (2006). From content to context: Video games as designed experiences. Educational Researcher,
35(8), 19-29.

Squire, K.D., Giovanetto, L., DeVane, B. & Durga, S. (2005). From users to designers: Building a self-
organizing game-based learning environment. Technology Trends 49(5), 34-42.



Steinkuehler, C. & Chmiel, M. (2006). Fostering scientific habits of mind in the context of online play. In S.A.
Barab, K.E. Hay, N.B. Songer, & D.T. Hickey (Eds.), Proceedings of the International Conference of
the Learning Sciences (pp 723-729). Mahwah NJ: Erlbaum.




<<
  /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


