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ABSTRACT

Most color preference studies use subjective rating methods, such as survey and paired-
comparison procedures. They all depend on subjects’ subjective answers. In order to get objective
color preference data, this study utilized an eye-tracking experimental method to explore the possible
relationships between color preferences and characteristics of scan-path. A web-based experimental
method using eight NCS colors applied to 7 categories of objects was used as the stimulus to identify
and analyze the relationship between color preference and eye movements of 103 college students.
Results show that there are correlations between color preferences and eye movement patterns. A
Multi Variable Analysis (MANOVA) shows that fixation duration, fixation counts, and return of
fixations are significantly different between most favorite colors and least favorite colors. Generally
speaking, people spent longer time, and there were more fixations and fixation counts on their
preferred colors. Observers paid more attention to textured colors than non-textured colors.

1. INTRODUCTION

Color is a powerful tool to attract a subject’s attention, to bring out the desire to consume, and to
make communication more efficient'. The voluminous literature on color preferences has produced a
rich knowledge database over the past years.

In the past century, most color researchers adopted the questionnaire investigation method”.
There are varieties of survey methods to study color preferences, but most of them use subjective
approaches. Besides the above-mentioned subjective methods, psychologists have also found that
visual behavior may demonstrate a person’s degree of preference. For example, the more one prefers
something, the more one’s pupils dilate’. In addition, one looks at a preferred object over and over®’.
These visual clues seem more objective than previously used survey measurements, and cannot be
casily falsified. In order to objectively identify the color preference of study participants, an eye track
observation method was used to explore the feasibility of deriving color preferences through
identifying fixations and information related to them.

As substantiated by literature on this subject, eye tracked scanpath strongly suggests the locus of
inherent attention’. Eye position is also an on-line monitor for a person’s cognitive process. But there
are many factors which can cause a viewer to be attentive. These factors can be divided into two
categories: (1) conspicuous external stimuli (i.e., luminance, color contrast, spatial layout,
presentation time), and (2) the subject’s internal processes (i.e., knowledge, experience, curiosity,
liking, or other complicated reasoning’).

In order to distinguish these causes of variance in scan path, we can orthogonally manipulate the
object and color categories, and also counterbalance each color position within a subject. After
viewing all stimuli with presentation times of 5 seconds, we ask the subjects to rate colors in order of
preference. In this way, we can derive the relationship between preference order and characteristics of
scan path.

2. METHOD
Eye movement recording
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Apparatus. The video-based, pupil/corneal reflection eye tracking apparatus used was an infra-red
eye movement recording system (EyeLink II) manufactured by SR Research Ltd, Canada. The
subjects were seated facing a calibrated 21 inch Barco display monitor (30 cm high and 40 cm wide)
which was 60 cm away. The visual angle of the whole screen is 36.8 degrees wide, 28.1 degrees high.
The visual angle of each single stimulus is 6 degrees wide and 6 degrees high. The monitor has a
vertical scan frequency of 85Hz, and a resolution of 800 * 600 pixels. Subjects wore a headset
containing a camera which monitored and recorded their eye movements and fixation locations. The
study was conducted in a laboratory with fixed luminance control. (figure 1)
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Figure 1: Experimental setup.

Stimuli. The instruments used for data collection in the research were 7 kinds of objects. There
were color chips, and images of mugs, T-shirts, chairs, mopeds,
floppy disks and backpacks (figure 2). Each object was
represented 8 times in 8 different NCS colors (figure 3). The 8
colors were R, Y50R, Y, G50Y, G, B50G, B and R50B. There
are 8 blocks (cells) in ea.ch display frame, and §ach cell contains Y50R R
1 image of the object with a color applied on it (figure 4). Each
stimulus was displayed for 5 seconds, then a mask popped up
for 1 second to avoid carry over and after-image effects. A
series of random shifting occurred after the masking to
counterbalance the layout arrangement, thus preventing the
same color from always showing up in a fixed location.

Subjects. The subjects were 103 undergraduates (68 females)
from the College of Journalism and Communications at Chinese
Culture University. Those with less than perfect vision had had
their vision corrected using glasses or contact lenses, so that all
subjects were able to see normally. All of the subjects had
normal color vision according to the Ishihara color vision test.

Procedure.  After subjects reported to the laboratory and
passed the color vision test, they read the instructions of the
experiment and practiced participating in it. A process to
calibrate and validate the eye tracker was performed by having  Figure 4: NCS color set as
each subject fix the location of 9 points on the calibration screen. ~ mopeds for experiment.

Once the calibration was done, the subject started to view each
of the displayed frames.

Data collection. The various color instruments mentioned above were used to measure color
preference and eye movement. The serial order in which the images were projected was randomized
by the computer so that the image color order changed every 5 seconds. This order change occurred 8
times, with a one second break between changes. Throughout the 56 displays, totaling about 340
seconds of image observation time, the subject’s eye movements were constantly monitored and data
were recorded using the apparatus shown in Fig. 1.

G
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Preference ranking
Stimuli. The same display frames used for recording eye

movement were also used as the basic component for -
preference ranking. There was a blank space beneath each of T
the colored object images for subjects to fill in their ranking — — —

orders from 1-8 using the computer keyboard. (figure 5)
Procedure. After all display images had been viewed and
the eye tracking procedure had been completed, subjects
looked at a display frame on the computer screen having
fixed color sequences of each kind of image, and ranked
their image color preferences from 1 to 8. Each subject’s . ]
color preferences in order from highest to lowest for each ~ Figure 5: Setup of color preference in
object category were then collected. The ranking information rank order.
was stored in a database for further statistical analysis.
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3. RESULTS
Eye Fixations

A One-Way Multi Variable Analysis (MANOVA) was performed to confirm whether the eye
movements are affected by color preferences. The results showed there are significant differences
among 8 colors in 7 categories about the mean fixation duration (F(7, s765=51.309, p<0.001). Subjects
tend to look at their favorite color longer (figure 6). Significant differences are also found in mean
fixation counts (F(7,57635=9.890, p<0.001). Subjects pay more attention to their preferred color images
(figure 7). The comparison of the return of fixations shows another significant difference (F(7,

5768=83.034, p<0.001). It shows that the subjects were attracted by their favorite colors more than
their non-favorites (figure 8).
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Preference ranking

Based on subjects’ choices about their preferred color among 8 colors from each of the 7
categories, figure 8 shows the subjects’ color preferences by ranking orders. Blue is the most popular
color among the &, while red T-shirts and mopeds, and orange backpacks are also welcomed.
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Figure 8: Color preference in rank order. (Each point is based on data from 103 subjects.)

4. CONCLUSIONS

The study was trying to figure out what the relationships are between color preferences and eye
movement. We found fixation counts, fixation duration, and return of fixations to be associated with
colour preference ranking orders. This means that people’s eye movement information does indicate
their color preference. Generally speaking, subjects spent more time on red (R) and orange (Y50R)
colours, while paying less attention to purple (RS0B) and chartreuse (G50Y).

Results also showed significant differences in eye movement between color chips and other
colored objects. Stimuli with texture attract more attention than those without texture. This means that
color chips attract less attention than images such as mopeds, backpacks, and chairs, etc.

Utilization of the eye tracking system could prevent inconsistent conclusions among studies of
color preference. Consider this example: Taft® found no difference between color chips and colored
real objects on a semantic scale. Thus, he suggested that one can determine preferences using color
chips rather than colored real objects. On the other hand, Lee’ found significant differences between
chips and objects through an extensive survey using a semantic differential scale.

References

1. Lee, S., & Barnes, H., “Using color preferences in magazine advertising,” Journal of
Advertising Research, 12, 25-30. (1990)

2. Saito, M., “A comparative study of color preferences in Japan, China and Indonesia, with
emphasis on the preference for white,” Perceptual and Motor Skill, 83(1), 115-128. (1996)

3. Hess, E. H.,, & Polt, J. M., “Pupil size as related to interest value of visual stimuli,” Science,
132(3423), 349-350. (1960)

4. Adams, R. J., “An evaluation of color preference in early infancy,” Infant Behavior &
Development, 10(2), 143-150. (1987).

5. Shimojo, S., Simion, C., Shimojo, E., & Scheier, C., “Gaze bias both reflects and influences
preference,” Nature Neuroscience, 6(12), 1317-1322. (2003)

6. Henderson, J. M., & Hollingworth, A., “High-level scene perception,” Annual Review of
Psychology, 50, 243-271. (1999)

7. Salvucci, D. D., & Anderson, J. R., “Tracing eye movement protocols with cognitive process
models, in Proceedings of the Twentieth Annual Conference of the Cognitive Science Society.
Hillsdale, NJ: Lawrence Erlbaum Associates. pp.923-928. (1998)

8. Taft, C., “Color meaning and context: comparisons of semantic ratings of colors on samples
and objects,” Color Research and Application, 22(1), 40-50. (1996).

9. Lee, T. R., “Comparisons of psychological meaning of colors on samples and objects with
semantic ratings,” in Proceedings of the 2001 Color Conference, Design of color, Science and
its application, Color association of Taiwan, Taipei, Taiwan (2001)

336




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


