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Abstract 

Personified adaptive systems (e.g., humanoid robots and 
embodied conversational agents) are those technologies which 
adapt to changes in their environment and utilize social 
features in order to communicate information. What is the 
nature of the relationships that children will develop with 
these systems, and how can designers account for these 
relationships? Traditional interaction models emphasize ‘use’ 
as the primary relational character thereby de-emphasizing the 
breadth of children’s interaction experiences.  A new model is 
needed, one that is grounded on a rich conceptualization of 
interaction and that integrates ‘use’ into a coherent and 
comprehensive characterization of child-system relationships.  
This paper is an attempt to move towards such an 
interactional model.  The moral domain of children’s 
experience is discussed as an example of how the model can 
elucidate design implications. 

Introduction 
A particular genre of technology is quickly becoming 
commonplace in children’s lives and may have significant 
implications for children’s social and moral development 
(Kahn, Freier, Friedman, Severson, & Feldman, 2004).  
Broadly characterized as personified adaptive systems, these 
technologies adapt to their environment and utilize social 
features in order to communicate information or provide 
services.  Children are now experiencing these technologies 
as artificial tutors, robotic pets, therapeutic playmates, and 
video game characters.  Such technologies are often 
designed to mimic human appearance and behavior under 
the assumption that such mimicry will result in improved 
human-computer interactions (Cassell, 2000).  This 
assumption, however, may disregard the unforeseen 
complications of people’s social responses to computing 
(Reeves & Nass, 1996). 

The human-computer interaction field often assumes that 
‘use’ is the essential character of the relationship between 
the individual and the system.  Meyers, Grudin, 
Shneiderman, and many others in the ACM Workshop on 
Strategic Directions for Computing Systems defined HCI as 
“the study of how people design, implement, and use 
interactive computer systems” (Meyers et al., 1996, p. 794).  
Regardless of whether the ‘use’ paradigm is sufficient for 
HCI in general, it is clear that in interacting with personified 
adaptive systems children’s experiences will extend beyond 
‘use’ to include emotional, social, or moral experiences.  
Thus, this interactional model aims to better account for 
children’s interactions with personified adaptive systems 
and, in so doing, provide insight into the implications for 
design.   

Interactional Model 
The development of this model is strongly informed by the 
Value Sensitive Design approach (Friedman, Kahn, & 
Borning, in press), which holds that neither the technology 
nor the social context determine how technologies implicate 
human values.  Rather, value implications arise through the 
dialectic between the individual in interaction with the 
technology, the technology’s design, and the social context 
of interaction.   

Furthermore, drawing on the Piagetian constructivist 
tradition, broadly conceived, the interactional model is 
guided by the understanding that children construct 
knowledge through actions taken in the world (Piaget, 1983; 
Turiel, 1983) and that these knowledge-building actions are 
influenced by the social, cultural, and artifactual features of 
children’s environments.   

Thus, the interactional model aims to account for (1) the 
specific affordances of the artifact which promote the 
engagement of certain concepts in children, (2) children’s 
already constructed (and changing) concepts of the artifact 
and their relationship to the artifact, (3) the social context 
which scaffolds this constructive process and designs the 
artifact, and (4) children’s externalized behaviors in 
interaction with the artifact and the social context.  
Discussion is limited to the first two factors: the affordances 
of the artifact and children’s concepts. 

Affordances of Personified Adaptive Systems 
‘Affordance’ is a term traditionally used to denote the 
features of an artifact which promote certain types of use 
interactions (Gibson, 1977).  The term is used in this paper 
to denote those features of a personified adaptive system 
that promote specific types of social-cognitive relationships, 
including those of a moral nature.  Affordances of a 
personified adaptive system which are likely to influence 
such relationships include the artifact’s form, persona, 
sociality, and adaptability.  Form includes robots, virtual 
agents, virtual environments, and digitally-augmented 
artifacts.  Persona includes voice or other audio, physical 
gesturing, gazing, facial expressions, and affect.  Sociality 
includes the ability to communicate with humans, reason 
and problem solve either cooperatively or competitively, 
and recognize and abide by rules, norms, and conventions.  
Adaptability is the system’s ability to account for and 
respond to changes in its environment and the constituents 
within that environment. 
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Children’s Concepts 
As proposed by Turiel (1986) and others working with 
social-cognitive domain theory from developmental 
psychology, children’s cognitive concepts are grouped into 
domains reflecting types of basic interactions in the world.  
These can include non-social, personal, social-conventional, 
and moral concepts.  Non-social concepts include logico-
mathematical and physical property concepts.  Personal 
concepts include knowledge of personal preferences, 
interests, and internal mental states.  Social-conventional 
concepts include knowledge regulated by social norms, 
rules, or authorities.  Judgments of this sort are culturally-
specific and can change in accordance with changes in the 
social context. Moral concepts, on the other hand, have 
generalizable features that stand independent of the social 
context.  The moral domain includes issues of justice, 
welfare, and rights. 

The point here is that in interacting with personified 
adaptive systems, children bring to the interaction an 
already structured (and restructuring) system of thought 
which guides behavior and influences the character of the 
child-system relationship.  Concept domains are activated 
and coordinated by children in their interactions with the 
technology, and the nature of such engagement and 
coordination has implications for child-system interaction 
design.  

The Moral Quality of Child-System Relationships 
As an example of how the interactional model can provide 
insight into how design influences children’s relationships 
to personified adaptive systems, consider the moral domain.  
The moral quality of the relationship that children develop 
with personified adaptive systems is likely to have two 
prevailing (and not always exclusive) characters: social 
heteronomy or moral autonomy (Piaget, 1965/1932). 

Piaget describes heteronomy as a system of thought that 
relies heavily upon the consideration of conventions, rules, 
and authority for the guidance of appropriate behavior.  
Thus, systems that simply follow ‘user’ commands promote 
heteronomy by design. MIT’s Leonardo (Breazeal et al., 
2004), for example, promotes a socially heteronomous 
relationship insofar as it is designed to learn and act in 
response to the didactic teaching of its human counterpart. 

Alternatively, Piaget describes autonomy as a system of 
thought that relies upon mutual respect intellectually 
favoring “inner consistency and reciprocal control” (p. 107) 
in the face of prevailing social conventions, rules, or 
regulations. Moral autonomy “replaces the norms of 
authority by… the norm of reciprocity in sympathy.”  For 
example, CMU’s Valerie (Gockley, Forlizzi, & Simmons, 
2006) uses persona and sociality affordances to engender 
emotional empathy from people with whom it interacts 
(e.g., it gets “testy”) promoting a minimal form of 
reciprocity. 

While it remains an open question as to whether a 
technology can ever engender authentic attributions of 

respect or moral standing (Kahn et al., 2004), researchers 
are observing shifts in children’s social and moral concepts 
as a result of interaction with increasingly sophisticated 
personified technologies (e.g., Kahn, Friedman, Perez-
Granados, & Freier, in press; Turkle, 2005).  Thus it appears 
that more than just ‘use’ interactions are occurring.  A new 
model is needed that accounts for the breadth of children’s 
relationships with personified adaptive systems.  The model 
introduced here aims toward satisfying this need. 

Acknowledgments 
The author thanks Batya Friedman and Peter H. Kahn, Jr., 
for their support and guidance in the development of this 
work.  This material is based upon work supported by the 
National Science Foundation under Grant No. IIS-0325035 
to B. Friedman and P. H. Kahn, Jr.  Any opinions, findings, 
and conclusions or recommendations expressed in this 
material are those of the author and do not necessarily 
reflect the views of the National Science Foundation. 

References 
Breazeal, C., Brooks, A., Gray, J., Hoffman, G., Kidd, C., Lee, H., 

Lieberman, J. Lockerd, A., & Chilongo, D. (2004). Tutelage and 
collaboration for humanoid robots. International Journal of Humanoid 
Robots, 1(2), 315-348. 

Cassell, J. (2000). Nudge nudge wink wink: Elements of face-to-face 
conversation for embodied agents. In J. Cassell, J. Sullivan, S. Provost, 
& E. Churchill (Eds.). Embodied conversational agents. Cambridge: 
MIT Press. 

Friedman, B., Kahn, P. H., Jr., & Borning, A. (in press). Value Sensitive 
Design and information systems. In P. Zhang & D. Galletta (Eds.), 
Human-computer interaction in management information systems: 
Foundations. 

Gibson, J. J. (1977). The theory of affordances. In R. Shaw & J. Bransford 
(Eds.), Perceiving, acting and knowing. Hillsdale, NJ: Erlbaum. 

Gockley, R. Forlizzi, J., & Simmons, R. (2006). Interactions with a moody 
robot.  Proceedings of Human-Robot Interaction. (pp. 186-193). NY: 
ACM. 

Kahn, P.H., Jr., Freier, N. G., Friedman, B., Severson, R. L., & Feldman, E. 
(2004). Social and moral relationships with robotic others? Proceedings 
of RO-MAN '04. (pp. 545-550). Piscataway, NJ: IEEE. 

Kahn, Jr., P. H., Friedman, B., Perez-Granados, D. R., & Freier, N. G. (in 
press). Robotic pets in the lives of preschool children. Interaction 
Studies. 

Meyers, B., Hollan, J., Cruz, I., et al. (1996). Strategic directions in human-
computer interaction. ACM Computing Surveys, 28(4), pp. 794-809. 

Piaget, J. (1965/1932). The moral judgment of the child. NY: Free Press. 
Piaget, J. (1983). Piaget's theory. In W. Kessen (Ed.), P. H. Mussen (Series 

Ed.), Handbook of child psychology: Vol. 1. History, theory, and 
methods (4th ed., pp. 103-128). New York: Wiley. 

Reeves, B. & Nass, C. (1996). The media equation: How people treat 
computers, television, and new media like real people and places. 
Stanford, CA: CSLI Publications. 

Turiel, E. (1983). The development of social knowledge. Cambridge, MA: 
Cambridge University Press. 

Turkle, S. (2005). Relational artifacts/children/elders: The complexities of 
cybercompanions. Proceedings of the CogSci 2005 Workshop on 
Android Science, Stresa, Italy, pp. 62-73. 

92



<<
  /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


