
Evaluation of Cognitive Architectures: 
A Software Evaluation Perspective

Bilge Say

Cognitive Science Program
Informatics Institute

Middle East Technical University, Ankara, Turkey
bsay@ii.metu.edu.tr

Abstract
In this position paper, the benefits and a possible roadmap 
for evaluation of cognitive architectures via a perspective of 
software  evaluation  is  outlined.  Development  of  such 
architectures is a distinctive software development activity; 
and their evaluations may benefit from detailed surveys into 
their usage from a software evaluation point of view. 

Introduction � 
Cognitive architectures1 have been evaluated from various 
respects:  Gluck and Pew (2005)  detail  a  comprehensive 
evaluation  exercise  of  cognitive  architectures  within  the 
Agent-Based  Modeling  and  Behavior  Representation 
(AMBR)  model  comparison  project;  Cooper  (2006)  and 
Cooper and Shallice (1995) evaluate the theoretical value 
of  methodologies  and  realizations  of  cognitive 
architectures in Newell’s sense. There are also less direct 
evaluations that for example, direct attention to pitfalls of 
statistical model evaluations (Roberts and Pashler, 2000). 
To my knowledge, there is no detailed generic evaluation 
exercise that treats and evaluates cognitive architectures as 
pieces of software from software engineering perspectives, 
apart  from  testing  of   specific  cognitive  architectures 
(Ritter,  1992).  Such  an  exercise  could  actually  act  as  a 
supplementary  basis  for  working  on  more  fundamental 
questions  such  as  developing  functional  and  theoretical 
evaluation methods for cognitive architectures. Moreover, 
such an exercise will also be an evaluation by itself, since 
it  will  give  specific  characterizations  of  how  cognitive 
architectures  fare  on  software  evaluation issues,  such as 
learnability,  individualization  and  dealing  with  modeler 
errors. Rest of the paper will be dealing with a clarification 
of this proposal, along with some tentative roadmap onto 
how to realize it. 
 Copyright © 2007, Association for the Advancement of Artificial 
Intelligence (www.aaai.org). All rights reserved.

�� I  will  be  using  cognitive  architectures broadly,  not  necessarily 
instantiating  “Unified  Theories  of  Cognition”  (Newell,  1990),  and 
synonymous  to architectures  for  intelligence,  not  necessarily  assuming 
that relationship between intelligence and cognition is worked out.  

Cognitive Architectures as Software
Cognitive architectures are pieces of software irrespective 
of  whether  they  have  been  designed  to  do  cognitive 
modeling  for  cognitive  science  or  act  as  cognitively-
inspired artificial intelligence agents in games, simulations 
etc.  How  could  we  characterize  their  characteristics  as 
different  from  other  software?  And,  would  such  a 
characterization help us to evaluate them?

One  outstanding  characteristics  in  developing  cognitive 
architectures is we do not and will not in  near future, have 
a  precise,  unambigous,  well-defined   software 
requirements  specification  for  a  cognitive  architecture, 
unless we understand human cognition better in a unified 
way.  Although  Newell’s  vision  to  do  so  is  still  a  valid 
attempt and a topic of discussion (Anderson and Lebiere, 
2003), the whole enterprise of  developing unified theories 
of  cognition seems not to be at  the point  where we can 
readily export requirements into cognitive architectures in 
the general sense. 

Another implication of the above problem that it seriously 
affects the validation issues of cognitive architectures, as 
well as our answers to the question “How do we go about 
building  a  cognitive  architectures?”.  In  a  sufficiently 
constrained artificial intelligence subtask, such as “How do 
we  build  part-of-speech taggers  for  natural  languages?”, 
we  can  start  with  general  information  about  various 
methods and evaluation of such methods, and then boil the 
discussion down to the details of the specific techniques. In 
the enterprise of building cognitive architectures,  we can 
give details of the design and usage of several cognitive 
architectures along with the issues they have, but it seems 
hard to  abstract  away from examples  and generalize for 
methods for building and using cognitive architectures. An 
evaluation  exercise  from  the  perspective  of  software 
evaluation may help us build this abstraction to a certain 
degree,  as  well  as  giving  us  ideas  about  remedying  the 
requirements-validation conflict by drawing opinions from 
a wide range of cognitive architecture designers and users.

This  brings  us  to  another  issue,  namely,  how  existing 
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cognitive  architectures  fare  as  pieces  of  well-developed 
and usable software. Software development is a complex 
task  in  itself;  the  complex  issue  of  building  cognitive 
architectures complicates the issue further. Most existing 
cognitive  architectures  (except  for  commercial  attempts) 
seem  to  be  predominantly  used  by  research  teams  that 
actually  designed them. Does that affect  the usability of 
cognitive  architectures?  Again,  most  cognitive 
architectures, by definition,  are likely to be built and used 
by interdisciplinary teams of researchers and programmers. 
Is  that  the  case?  If  yes,  again  how   does  that  affect 
usability?  How  much  good  design  and  implementation 
practices in software engineering are being complied to? 
For example, are  there clear design specifications? How 
modular  and  reusable  are  cognitive  architectures?  How 
does  cognitive  modularity  affect  design  modularity?  To 
what  degree  is  this  reflected  in  implementation 
modularity? To even risk being  somewhat sarcastic, could 
it be the case that no cognitive scientist tested the cognitive 
load of cognitive architectures?  

A Proposal for a Comprehensive Survey
Even if we accept the need for one, a survey of the current 
state  of  cognitive architectures  from a software point  of 
view will  not  be straightforward.  Most existing usability 
questionnaires are geared towards software dealing well-
defined tasks such as word processing. Still, they could be 
at  least  partially  adapted  or  inspired  from.2 Existing 
surveys in related software areas, such as a recent survey 
on  Discrete  Event  Simulation,  could  again  provide 
inspirations  (Taylor  and Robinson,  2006).  Clearly,  other 
cognitive architecture evaluation work will provide input. 
Yet,  certainly  this  will  require  to  be  a  multistage, 
interdisciplinary, team project.

Initial stages could encompass a classification of current 
cognitive  architectures  on  multiple  dimensions 
(commercial  vs  research,  software  only  vs  robotics, 
cognitive-science-oriented  vs  artificial-intelligence-
oriented,  mature  vs  new),  and  ensure  that  an  adequate 
sampling is covered in a comprehensive survey. Multiple 
survey techniques such as pilot questionnaires, interviews 
and focus group discussions with both designers and users 
of  selected  cognitive  arhitectures,  preinformed  with 
software evaluation methods, could be the next step. Third 
step,  can  actually  involve  reaching  a  wider  sample  of 
cognitive architecture designers and users with reasonably 
valid and reliable survey instruments. 

��As part of an ongoing  MSc study in METU, Can Bican and I 
have  been  partially  using  IsoMetrics  (Gediga,  Hamborg  and 
Duntch,  1999)  to  measure  the atttitudes  of  cognitive  modeling 
tool users. 

Conclusion
In  summary,  trying  to  bring  a  software  evaluation 
perspective  to  both  design-implementation  and 
deployment-usage processes of cognitive architectures may 
aid  in  clarification  of  some  issues  in  the  evaluation  of 
cognitive architectures. In addition, this will also result in 
an evaluation of cognitive architectures as complementary 
to  other  perspectives  such  as  cognitive  and  biological 
plausibility and  statistical evaluation methods. By means 
of surveying a wide range of cognitive architectures,  we 
could highlight the commonalities and differences between 
cognitive  science  oriented  approaches  and  artificial 
intelligence  approaches;  this  may  in  turn  help  the 
interaction of these two communities. 

References
Anderson, J., and Lebiere, C. (2003). The Newell Test for 
a Theory of Cognition.  Behavioral and Brain Sciences 26: 
587-640.

Cooper, R. (2006). Cognitive Architectures as Lakatosian 
Research  Programs:  Two  Case  Studies.  Philosophical 
Psychology 19(2): 199-220.

Cooper, R., and Shallice, T. (1995) Soar and the Case for 
Unified Theories of Cognition. Cognition 55: 115-149.

Gadiga, G.;  Hamborg, K.C. and Duntsch, I.   1999. The 
Isometrics  Usability  Inventory:  An Operationalization  of 
ISO  9241-10  Supporting  Summative  and  Formative 
Evaluation  of  Software  Systems.  Behaviour  and 
Information Technology. 18(3):151-164.

Gluck, K. A., and Pew, R.W. eds (2005). Modeling Human 
Behavior  with  Integrated  Cognitive  Architectures: 
Comparison,  Evaluation  and  Validation.  New  Jersey: 
Lawrance Erlbaum.

Newell, A. (1990). Unified Theories of Cognition. Harvard 
University Press

Ritter, F. 1992. A Methodology and Software Environment 
for  Testing  Process  Model’s  Sequential  Predictions  with 
Protocols.  Ph.  D.  Diss.,  School  of  Computer  Science, 
Carnegie Mellon University, Pittsburgh.

Roberts,  S.,  and Pashler,  H. (2000) How Persuasive is  a 
Good Fit? Psychological Review 107 (2): 358-367. 

Taylor, S.J.E. and S. Robinson. 2006. So Where to Next? 
A  Survey  of  the  Future  for  Discrete-Event  Simulation. 
Journal of Simulation, 1: 1-6. 

59



<<
  /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 true
  /MaxSubsetPct 1
  /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 (None)
  /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 (None)
  /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


