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Abstract. This study attempts to perform a comprehensive investigation of non-
verbal instantaneous cognition of images through the “same-different” judgment 
paradigm using non-verbal smooth closed figures, which are difficult to memorize 
verbally, as materials for encoding experiments. The results suggested that the 
instantaneous cognition of non-verbal smooth closed figures is influenced by the 
contours’ features (number of convex parts) and inter-stimulus intervals. In 
addition, the results of percent correct recognitions suggested that the accuracy of 
the “same-different” judgment may be influenced by the differences between the 
points being gazed when memorizing and recognizing and factors involved in the 
visual search process when recognizing. The results may have implications for the 
interaction design guideline about some instruments for visualizing a system state. 

Keywords: non-verbal information, cognition model, eye movements, same-
different judgment paradigm. 

1   Introduction 

The data and images demonstrating that verbalizing is difficult exist in a factory 
environment. These images are level meters changing over time combined with 
several warning lights. It is thought that these signs could not be instantaneously 
represented by language. Therefore, to achieve instantaneous judgment, several 
interfaces in factories have to support the intuitive images. 

In general, familiar information is easy to memorize verbally, but a new image or 
an image changing over time is difficult to memorize verbally because of workers’ 
ability to perceive instantaneously [1]. Human working memory capacity was 
examined using unstructured information, and the results suggested that the capacity 
to memorize unstructured information was between 3 to 5 data set sizes [2] [3] [4].  

To quickly and accurately recognize different information presented successively, 
it is necessary to establish an information presentation method that stimulates human 
reactions without language (verbalized information) intervention.  

Some studies on non-verbal smooth closed figures suggested that the enhancing 
factors for memorizing this type of figures were influenced by (1) distortions of convex 
parts, (2) psychological similarity [5], (3) physical complexity (ex: AreaPerimeter ), 
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(4) the number of convex parts, (5) the length of individual convex parts [6], (6) 
presentation and retention time [7], (7) the Fourier descriptors [8] [9], (8) spatial frequency 
characteristics [10], and (9) the number of figures presented simultaneously [11] .  

As part of a study on Ecological Interface Design in Human-Computer Interaction, 
the present study attempts to conduct a comprehensive research on the non-verbal 
instantaneous cognition of smooth closed figures through the “same-different” 
judgment paradigm using non-verbal smooth closed figures, which are difficult to 
memorize verbally, as materials for encoding experiments. 

2   Method 

2.1   Subjects 

Ten subjects (20–22 years; 21.6 ± 0.7 years) were selected among male university 
students with no significant eyesight problems. Six had their vision corrected, three 
by wearing glasses and three by wearing contact lenses. 

2.2   Apparatus 

Smooth closed figures were presented on a screen using an LCD projector. The 
subjects’ eye movements were determined by measuring the sightline of the dominant 
eye using EMR-NL8 (nac Image Technology) at 60 Hz. The heights of the work 
table, seat, and chin support were adjusted arbitrarily for each subject. The luminous 
intensity of the screen background was set as 230.0 cd/m2 and the luminous intensity 
of contour line was set as 80.0 cd/m2. Our experimental setting is shown in Fig. 1. 
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Fig. 1. Experimental setting for measuring subjects’ eye movement 

2.3   Procedure 

After the subject observed the gazing point continuously for 2000 ms, a non-verbal 
smooth closed figure to be memorized was presented for 250 ms, followed by a 
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masking pattern, which was also presented for 250 ms. The inter-stimulus intervals 
(ISI) of 500, 1000, and 4000 ms were used. A recognition figure was presented after 
the preset ISI, and the subject was asked to discriminate the recognition figure from 
the memorized figure (“same-different” judgment paradigm [5] [6] [7]). A time limit 
of 5000 ms was enforced. 

2.4   Encoding Stimuli 

Based on the results of past studies [5] [6] [7] demonstrating that the performance of 
complex free-form figure recognition diminishes as the number of convex parts of the 
memorized figure increases, the number of convex parts of memorized figures was set 
as 5, 7, and 9 [10]. Figures as encoding stimulus were generated by the formula (1) 
[5] [10] and the formula (2) [5]. 
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Influences of both local features and general features have been suggested as 
memory characteristics of non-verbal smooth closed figure’s contour shapes. 
Therefore, the present study uses both types of contour shapes, those for which the 
influence of general features has been suggested and those for which the influence 
of local features has been suggested. In addition, the relationships between the 
memorized figure and recognition figure were defined as follows: 1) the recognition 
figure being the same as the memorized figure; 2) the recognition contour 
intensifying the low or high frequency component of the presented figure by 3.0 or 
6.0% [10]; and 3) the differences between the areas of projections and/or 
indentations are 3.7, 6.3, and 9.0% [11]. Figure 2 shows examples of non-verbal 
smooth closed figures. 
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Fig. 2. Examples of non-verbal smooth closed figures 
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2.5   Evaluation Indexes 

For recognition performance, the ratio of correct answers (percent correct recognitions) 
and reaction time were determined. In addition, the total length of path in the sightline 
(the eye movements) when memorizing and recognizing contour shapes, the area 
being gazed, the number of features in the perimeter of the area being gazed when 
memorizing (see Fig. 3.), and the number of eye fixation points and fixation time 
during recognition were determined from the sightline data. 

3   Results 

3.1   Recognition Performance 

A two-factor analysis of variance was performed for percent correct recognitions (Fig. 
4.) and reaction time (Fig. 5.) using the number of convex parts and ISI as factors. 
Significant main effects were observed for both factors in percent correct recognitions 
(number of convex parts: F(2,18) = 6.12, p < 0.05, ISI: F(2,18) = 10.38, p < 0.001). For reaction 
time, a significant main effect was observed only for ISI (F(2,18) = 14.59, p < 0.001).  

3.2   Eye Movements Performance 

A two-factor analysis of variance was performed for the number of fixation points 
(Fig. 6.) and the fixation time (Fig. 7.) in the recognition phase using the number of 
convex parts and ISI as factors. Significant main effects were observed for the 
number of fixation points (number of convex parts: F(2,18) = 3.82, p < 0.05; ISI: F(2,18) = 
11.73, p < 0.001). And a significant main effect was observed for the fixation time (ISI: 
F(2,18) = 5.69, p < 0.05). To evaluate the effects of area being gazed when memorizing, 
a single-factor analysis of variance was performed for the area being gazed using the 
number of convex parts (Fig. 8.). As a result, a significant effect was observed for the 
area being gazed (F(2,18) = 6.42, p < 0.01). Subsequently, to evaluate the effects on 
recognition performance due to the number of features of memorized figures, a 
single-factor analysis of variance was performed for the number of features on the 
smooth closed figure using the number of convex parts (Fig. 9.). A significant effect 
was observed for the number of features (F(2,18) = 58.62, p < 0.001). 
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Fig. 3. Schema of features in the perimeter of the area being gazed 
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Fig. 4. Percent correct recognitions as a function of the number of convex parts with ISI 
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Fig. 5. Reaction times as a function of the number of convex parts with ISI 
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Fig. 6. Number of fixation points as a function of the number of convex parts with ISI 
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Fig. 7. Fixation time as a function of the number of convex parts with ISI 
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Fig. 8. Area being gazed around the contour as a function of the number of convex parts 
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Fig. 9. Number of features around the contour as a function of the number of convex parts 
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3.3   Development of Instantaneous Cognition Model 

To evaluate the process of instantaneous cognition and recognition for non-verbal 
smooth closed figures, correlations between various indices used in the experiment 
were calculated. After eliminating significant partial correlations, a correlation 
diagram was produced. To generalize the relationships between evaluation indices, 
a principal component analysis was performed using the indices used to produce the 
correlation diagram and four major components (focus of attention, fixation points, 
points from which subjects’ began searching, and memorized features) were 
extracted.  

Because the cognitive process of non-verbal smooth closed figures includes a 
cognitive function that cannot be measured objectively, a maximum-likelihood 
method was used for a factor analysis and the three latent variables were extracted 
(Features of contour shapes; F.CS, Starting point of gaze; SPG, and Visual search 
process; VSP), each of which has a causal relationship with a different indicator. 
Figure 10 shows an instantaneous cognition model in which the sequential order of 
cognition-recognition processes, indices, principal components, and cause-and-effect 
relationships between factors are considered after inserting the extracted factors. 
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: experimental factors 
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: principal components 
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: route of memorizing/recognizing the figures (1)

: route of memorizing/recognizing the figures (2)  
N.CP : Number of convex parts
LF / GF : Local features & general features
F.CS : Features of contour shapes
SPG : Starting point of gaze
VSP : Visual search process
M-Area : Area being gazed
N.EFP : Number of eye fixation points

D.C : Distance of center
N.F : Number of features
R-Area : Area being recognized
RT : Reaction time
P.C : Percent correct
ISI : Inter-stimulus interval 

M-Length : Total length of path in the sightline at memorizing
R-Length : Total length of path in the sightline at recognizing  

 

Fig. 10. Instantaneous Cognition Model 
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4   Conclusions 

The present study evaluated the characteristics of instantaneous cognition of non-
verbal smooth closed figures from the perspectives of eye movement when 
memorizing/recognizing the figures and recognition performance through the “same-
different” judgment paradigm using non-verbal smooth closed figures. The results 
suggested that the instantaneous cognition of non-verbal smooth closed figures is 
influenced by the contours’ features (number of convex parts) and ISI. In addition, the 
percent correct recognitions results suggested that the accuracy of “same-different” 
judgment may be influenced by differences between the points being gazed when 
memorizing and recognizing and the factors affecting the visual search process when 
recognizing. Another factor suggested as having a significant effect on “same-
different” judgment accuracy is the number of features projected on the retina when 
memorizing contour shapes. In conclusion, the results of this study may have 
implications for interaction design guidelines about some instruments for visualizing 
a system state, particularly developing the supporting devices in work requiring 
precise detailed observation (factories and other environments requiring quality 
assurance, such as multi-attribute operations). However, cognition differences may 
exist at different ages because of depression of visual acuity. In further study, such 
comparisons across several ages are needs to design the visual instruments requiring 
the instantaneous cognition. 
 
Acknowledgments. This work was supported by MEXT Grant-in-Aid for Young 
Scientists (B) (21700142).  

References 

1. Becker, M.W., Pashler, H., Anstis, S.M.: The role of iconic memory in change-detection 
tasks. Perception 29, 273–286 (2000) 

2. Cowan, N.: Capacity Limits for Unstructured Materials. In: Working Memory Capacity, 
pp. 105–137. Psychology Press, San Diego (2005) 

3. Fisher, D.L.: Central capacity limits in consistent mapping, visual search tasks: four 
channels or more? Cognitive Psychology 16, 449–484 (1984) 

4. Luck, S.J., Vogel, E.K.: The capacity of visual working memory for features and 
conjunctions. Nature 390(20), 279–281 (1997) 

5. Sakai, K., Inui, T.: Properties of distortion of the figures in visual short-term memory. The 
Japanese Journal of Psychology 70(3), 211–219 (1999) 

6. Sakai, K., Inui, T.: Psychological complexity of the figures and properties of retention in 
visual short-term memory. The Japanese Journal of Psychology 71(1), 9–16 (2000) 

7. Sakai, K., Inui, T.: Effect of figural complexity and target-distracter similarity on decay 
rate in short-term visual memory. The Japanese Journal of Psychology 72(1), 36–43 
(2001) 

8. Endo, N., et al.: Perceptual judgement of novel contour shapes and hierarchical 
descriptions of geometrical properties. The Japanese Journal of Psychology 74(4), 346–
353 (2003) 



322 Y. Takahashi and S. Koshi 

9. Zahn, C.T., Roskies, R.Z.: Fourier descriptors for plane closed curves. IEEE Transactions 
on Computers C-21, 269–281 (1972) 

10. Takahashi, Y.: Effects of Smooth closed Figure’s Spatial Frequency on Correct 
Recognition Task. The Japanese Journal of Ergonomics 41(supplement), 250–251 (2005) 

11. Takahashi, Y.: Effects of the number of visually presented smooth closed figures on 
correct recognition task. The Japanese Journal of Ergonomics 40(supplement), 476–477 
(2004) 


	Eye-Movement-Based Instantaneous Cognition Model for Non-verbal Smooth Closed Figures
	Introduction
	Method
	Subjects
	Apparatus
	Procedure
	Encoding Stimuli
	Evaluation Indexes

	Results
	Recognition Performance
	Eye Movements Performance
	Development of Instantaneous Cognition Model

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




