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Abstract. Young children often build various structures with wooden
blocks; structures that are often used for pretend play, subtly improving
children’s creativity and imagination. Based on a traditional Japanese
wooden block toy, Tsumiki, we propose a novel interactive toy for chil-
dren, named “TSU.MI.KI”, maintaining the physical assets of wooden
blocks and enhancing them with automation. “TSU.MI.KI” consists of a
set of computerized blocks equipped with several input/output devices.
Children can tangibly interact with a virtual scenario by manipulating
and constructing structures from the physical blocks, and by using input
and output devices that are integrated into the blocks.

1 Introduction

Young children often construct various structures with blocks and also play with
the constructed structure in pretend play. As an example of such blocks, we have
Tsumiki-toy which is a Japanese traditional toy made of wooden blocks. Despite
Tsumiki’s simple form, children assemble and play with it, while at the same
time unconsciously learn and enhance their creativity and imagination. However,
since the toy consists of wooden blocks, the interaction has been limited to be
only one-way – from children to Tsumiki blocks. If this interaction could be bi-
directional and supported by rich multimedia contents on a computer, it could
stimulate children’s creativity and imagination even further.

On the other hand, in order to realize intuitive interaction with computers,
approaches of direct manipulation have been focused on. These approaches can
make user interfaces easy to learn, to use, and to retain over time [1]. Based
on this idea, researches have recently commenced on user interfaces that use
physically substantial objects to improve the intuitiveness of interactions with
the computer [2]–[4]. Such interfaces do not require computer expertise, nor do
they depend on users’ cultural background and age. In addition, if the shapes of
these interfaces in the physical environment matched their representation and
function in cyberspace, users could interact with cyberspace via these physical
objects more intuitively and easily.

Our main research goal is to bridge the gap that separates cyberspace and the
physical environment by using physical objects as user interfaces. In this paper
we present such interface, “TSU.MI.KI”, a novel interactive story-telling system
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Fig. 1. Overview. Fig. 2. System architecture.

for stimulating children’s creativity and imagination by supporting multimedia
contents intuitively and easily (see in Fig. 1).

2 TSU.MI.KI.

We describe TSU.MI.KI’s general flow of events. First, by using a set of com-
puterized blocks, children construct a shape with which they want to play in
cyberspace. The computer automatically recognizes the constructed structure in
real time, and then retrieves some candidate 3D virtual models closely matching
the constructed structure. After that, children select one of the candidates, and
the computer starts to play the virtual model’s multimedia contents. Children
can play in cyberspace while holding the constructed object in their hands. This
interaction is supported by input and output devices fitted to each block, and
by the computerized cube structure being self-aware of its geometry. In order to
realize this system, we have designed the system architecture shown in Fig. 2.

The TSU.MI.KI system supports this flow of events in all its applications by
three different scenarios that follow each other sequentially: plain, construction
and interaction scenarios. The plain scenario displays non-interactive contents,
such as a movie, an image or a music clip, explaining to the children what
happens in cyberspace. In the construction scenario, children construct a shape
with which they want to play in cyberspace. The computer then displays candi-
date virtual models that closely match the constructed structure. After children
choose one of the candidates in the construction scenario, the interaction scenario
starts playing. In this scenario, children play in cyberspace with the structure
they constructed earlier through input and output devices fitted to each block.

To allow children to input the shape with which they want to play and input
their intention into the interaction scenario, and to show the result of children’s
interaction to them, we use the ActiveCube system [5] as the physical object. All
scenarios for the application are defined and recorded as files on the computer
in advance. In the construction scenario, children construct their desired shape
tangibly, and the ActiveCube module recognizes its structure in real time. After
that, the main module gives data of the structure to the similarity-calculation
module, which calculates similarities between all of the virtual models and the
constructed structure by using a method [6]. The main module acquires the
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Fig. 3. Shape selection from several
candidates. Fig. 4. Interaction with ship.

results of this calculation and presents some virtual model candidates corre-
sponding to the results. The display module presents TSU.MI.KI’s multimedia
and virtual contents. To realize an immersive environment for children, the dis-
play module is designed to be capable of presenting realistic and interactive
multimedia contents.

3 Application

We expect that the TSU.MI.KI system can be applied to various applications for
children and can stimulate children’s creativity and imagination. As one typical
example of this system and to provide confirmation of our assumptions and
claims, we implemented an application that consists of one quest with several
scenarios. The application follows this story outline:

A girl, Alice, has lost her way home and has been wandering in a magical
world. Then, she encountered an elderly lady, who was a good witch. The witch
gave her magical blocks to help her overcome difficulties on her way home. When
she constructs an object with these magical blocks to form a desired shape, it
transforms itself into an object that forms the same shape as the constructed
blocks. Next, Alice faces a wide river and somehow has to cross it. How can she
get across this wide river, and can she reach her home safely?

In order to implement this story-telling application, we prepared seven sce-
narios: three plain, one construction, and three interaction scenarios. Fig. 3 shows
a scene which a girl is constructing and selecting her desired object.

At first, a plain scenario explains the situation that the children are facing by
presenting some images; the scenario explains the approximate story as described
above and displays to the children the wide river and indicates the need to cross
it.

Then, in the construction scenario, they construct a shape which they con-
sider the most appropriate to get Alice across the river, using trial and error
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(repetitions of connection and disconnection of blocks). The constructed shape
is transformed into several virtual objects as candidates in real time.

After completing construction, the children have to select one of the ap-
propriate objects from the presented candidates. The current selected object is
changed by rotating the circle of candidates and executed by tilting the physical
object to the right or to the left. When they decide on their desired object, they
push down on the physical object. The scenario branches off corresponding to
the chosen object into three interaction scenarios.

The interaction scenario shown in Fig. 4 is the most specific and novel part of
the TSU.MI.KI system. With the traditional Tsumiki wooden block toy, children
only play in their imagination with static blocks; there is no response from
blocks and no spread of the story. In contrast, the TSU.MI.KI system enables
children to play in cyberspace, where there are no limitations to representation
and imagination.

4 Conclusion

In this paper, we proposed a novel user interface named TSU.MI.KI that bridges
the gap between cyberspace and the physical environment, and provide a unique
and innovative“edutainment” (educational-entertainment) experience for chil-
dren. We briefly described the design approach and implementation method of
our system and of the prototype quest game that used it as infrastructure.

References

1. Shneiderman, B.: Designing the user interface - strategies for effective human-
computer interaction - third edition, Addison-Wesley (1998)

2. Ishii, H., Ullmer, B.: Tangible Bits: towards seamless interfaces between people, bits
and atoms. in Proc. of Conference on Human Factors in Computing Systems (CHI
’97) (1997) 234–241

3. Anderson, D., Frankel, J., Marks, J., Agarwala, A., Beardsley, P., Hodgins, J., Leigh,
D., Ryall, K., Sullivan, E., Yedidia, J.: Tangible interaction + graphical interpreta-
tion: a new approach to 3D modeling. in Proc. of SIGGRAPH2000 (2000) 393–402

4. Gorbet, M. G., Orth, M., Ishii, H.: Triangles: tangible interface for manipulation
and exploration of digital information topography. in Proc. of Conference on Human
Factors in Computing Systems (CHI ’98) (1998) 49–56

5. Kitamura, Y., Itoh, Y., Kishino, F.: Real-time 3D interaction with ActiveCube. CHI
2001 Extended Abstracts (2001) 355–356

6. Ichida, H., Itoh, Y., Kitamura, Y., Kishino, F.: Interactive retrieval of 3D shape
models using physical objects. in proc. of ACM Multimedia 2004 (2004) 692–699



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


