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Abstract 
In our natural environment colors make up an important part of the visual experience. They 

contribute to the vividness of the visual scene and to the salience of objects. However, it is 

still unclear whether all regions of color space contribute equally to the conspicuousness of an 

object or whether only some colors are important in guiding human overt attention. Our study 

investigates the influences of red-green and blue-yellow color contrast on attention.  

We conducted a free viewing eye-tracking study to determine how red-green and blue-yellow 

contrast influence gaze direction. Here we assumed that shifting one’s gaze is a behavioral 

correlate of shifting one’s attention. Our stimuli were 40 natural color photographs that 

showed mainly trees, foliage, and fruit. No man-made objects were present in the stimuli. The 

pictures were taken with a calibrated camera in the rain forest of Uganda. Each stimulus was 

presented in three conditions: naturally colored (unmodified), only with information in the 

red-green color channel, and only with color information in the blue-yellow channel. All 

modifications were done in the Derrington-Krauskopf-Lennie (DKL) color space. We 

concentrated on the analysis of contributions of color contrasts to the salience of objects. 

Furthermore, we analyzed luminance contrast and saturation, two features that contribute to 

human hue experience as well as the influences of object form to saliency. 

In unmodified stimuli the mean difference between red-green contrast at fixation and control 

locations is significantly higher than the same difference for the blue-yellow contrast. For 

unmodified stimuli and stimuli in which only information from the red-green color channel is 

present the mean difference of red-green contrast between fixation and control locations does 

not differ. For these two conditions mean fixation constancy is higher than for stimuli with 

only blue-yellow information. As well the mean difference of saturation at fixations and 

controls is significantly higher than for the third condition. Mean red-green contrast at 

fixations decreases with time of stimulus presentation for both conditions in which red-green 

contrast is available. The mean difference of blue-yellow contrast between fixation and 

control locations does not differ between the unmodified condition and when only blue-

yellow information is present in the stimulus. Fixation constancy over subjects is above 

normal for stimuli with apparent object forms when red-green information is missing. Mean 

blue-yellow contrast at fixation locations does not change over time of stimulus presentation.  

This implies that red-green contrast of objects attracts human overt attention and leads to a 

stable spatial distribution of fixations over subjects in stimuli of rain forest. However, 

conspicuous objects attract attention independently of red-green contrast. Blue-yellow 

contrast is of little importance in guiding human overt attention. Furthermore, information 



 

 

from one color channel does not alter the response to information of the other color channel as 

they are functionally independent. 
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1 Introduction 
Every second of our waking lives we encounter a continuous stream of information our visual 

system has to deal with. However, our visual senses cannot process all input equally well and 

we have to select that part of information that is of importance in each specific situation. 

Selection or filtering of visual input from the sensory stream involves the direction of eye 

movements towards the direction of interest. This is normally referred to as overt attention. 

Humans overtly attend to a small part of the input of their visual system in a serial manner, 

that is, they direct their gaze only to one object at a time and then switch to the next. Selection 

of location seems to be dependent on the object’s conspicuousness or salience. Many studies 

have shown that this salience is related to the presence of certain features in an object such as 

luminance contrast, color, curved lines, edges, occlusions, isolated spots, or vertical edges 

(Frey, 2004; Nothdurft, 2000; Treisman & Gelade, 1980; Wolfe, Cave & Franzel, 1989; 

Krieger et al., 2000). Salience is not associated with a single feature. Depending on the 

environment a red bar may be as salient as a moving dot.  

Nothdurft (2000) found that among luminance, color contrast, orientation, and motion only 

luminance contrast when combined with one of the other features showed little gain reduction 

in saliency effects. Gain reduction is seen to reflect the amount of overlap between the 

saliency mechanisms. For example, an object that could be distinguished from other objects 

by its luminance contrast and its orientation was rated as most salient compared to reference 

targets twice as often as an object that only had a different luminance contrast but the same 

orientation. Here saliency effects added up almost linearly. According to Nothdurft luminance 

seems to be mostly independent from other saliency mechanisms. For other features such as 

orientation and color contrast the saliency mechanisms overlapped strongly and saliency 

effects for both features did not add linearly. Attenuation of saliency effects was 50 to 90%. 

Nothdurft concluded that color contrast, orientation, and motion are saliency mechanisms that 

depend on each other to different degrees.  

Frey (2004) found that luminance contrast is a salient feature in grayscale images, but does 

not attract fixation in colored natural images. In his study saturation of colors and color 

contrast at fixation locations of colored natural stimuli was not significantly different from 

saturation and color contrast at control locations. He concluded that luminance and color are 

both no salient properties of a stimulus to attract overt attention in natural stimuli since there 

does not exist a linear relationship between feature value and gaze attraction. Luminance and 

color are both overridden by top-down influences.  
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An object is salient in relation to its surroundings. The human saccadic selection system 

avoids the fixation of image regions with little variance in its features such as approximately 

constant luminance (Krieger et al., 2000). Differences in local features to the features of the 

environment of the object determine how salient the object is, that is, how easily it can be 

detected. Salience, therefore, is a relative and no absolute property. 

The notion of a two-dimensional saliency map established by Ullman and Koch (1985) (as 

cited by Itti & Koch, 2001) as a bottom-up image-based control strategy for visual attention is 

a popular model concept. For different early visual features of the input such as intensity, 

orientation, and color a separate topographical feature map is established that encodes feature 

conspicuity. These feature maps are then combined to a saliency map for the stimulus that 

encodes saliency at every location in the visual scene. To allow for a shift to the next salient 

target and no ‘glueing’ to the first attended one, the inhibition of return principle was 

established. The last attended location from the saliency map is suppressed so that focus is 

shifted to the next salient target.  

Itti and Koch (2000) developed a model of visual attention based on a saliency map that 

accounts for artificial and natural color images. Their model treats color, intensity, and 

orientation as early visual features that make up the saliency of an object. They tested their 

computational model against human behavior in a visual search task with natural colored 

outdoor scenes (images containing hidden military vehicles in a rural environment). The 

results showed a poor correlation between human and model search times and the model 

found the target in three quarters of the images faster than humans did.   

Humans perceive and experience objects as colored. However, color is not a physical property 

but it is a psychological experience of our visual system. Color is created by physical 

properties of light that are reflected by an object but the color we actually perceive is the 

product of the interaction between our visual system and the lights of our environment. The 

wavelength of physical light which humans can perceive ranges from 400 to 700 nanometers 

(Palmer, 1999). Depending on the wavelengths that a light contains we perceive different 

colors. Almost all naturally occurring lights are mixtures of lights with different wavelengths. 

The emerging hue experience is the one which is caused by the mean wavelength of those 

polychromatic lights (Palmer, 1999). For example, a light mixture of a wavelength for blue 

and another for yellow will result in a greenish hue experience.  

In the normal human retina there are rods for black and white vision (brightness differences) 

and three different kinds of cones. Each cone type is sensitive to photons of a specific 

wavelength. It absorbs most of the photons of its preferred wavelength and, therefore, is most 
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activated when light with this wavelength hits the retina. These receptor types are called S-, 

M-, and L-cones according to the wavelength at which they show their strongest response. 

The different spectral sensitivities underlie the fact that each of these three photoreceptor 

types contains a different photo pigment. These pigments absorb photons of light at different 

wavelengths, which are then converted to an electrical signal (Palmer, 1999; Gegenfurtner & 

Kiper, 2003). That is, the more photons of a specific wavelength are absorbed, the stronger is 

the electrical signal which forms the response curve of each cone type. This does not mean 

that one type of photoreceptor does only absorb light of a single wavelength but rather that 

the receptor has its absorption maximum at this wavelength. Photons of light with other 

wavelengths are also absorbed but to a smaller degree. The S-cones have their peak at 440 

nm, a wavelength which appears bluish/violet under neutral viewing conditions. The M- 

(535nm) and L-cones (565nm) peak at wavelengths for greenish and yellowish light 

(Gegenfurtner & Kiper, 2003). S-cones are mainly found in the surroundings of the retina, 

whereas M- and L-cones are found in the foveal region. Human color vision is, therefore, a 

system of a trichromatic nature (Palmer, 1999).  

The physical stimulus light is transformed via the absorption of its electromagnetic energy 

(photons) in the retinal cone photoreceptors into electrical voltages, which are then 

transformed into action potentials in the human nervous system. The color of an object can 

only be computed unambiguously if the magnitudes of the outputs of the three cone types are 

compared with each other. This is done in the horizontal cells and the ganglion cell in the 

retina (Gegenfurtner & Kiper, 2003).  

Further processing takes place in two color opponent mechanisms in the parvocellular layers 

of the lateral geniculate nucleus (LGN) and one achromatic opponent mechanism in the 

magnocellular layers of the LGN (Derrington, Krauskopf & Lennie, 1984). Receptive fields 

of opponent cells are composed of a center and a surround, which are spatially antagonistic 

(Gegenfurtner & Kiper, 2003). In the LGN of macaque monkeys on- and off-center color 

opponent cells lead to various cell subtypes. On-center color opponent cells are excited by red 

or green light in the center of their receptive field and inhibited by green or red light in the 

surround respectively. For off-center cells the opposite pattern holds. Cells that show these 

opponent properties for blue and yellow lights were also found in LGN of macaques. The 

achromatic opponent mechanism refers to cells that are excited or inhibited by the presence or 

absence of light in the center or the surround of their receptive field. These results are taken to 

be valid as well for the human visual system.  
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Information from the three retino-geniculate channels is projected in mostly independent 

anatomical pathways to the visual cortex and is then combined to enable the perception of the 

large variety of hues (Gegenfurtner & Kiper, 2003). That is, color information is processed at 

different levels, subcortically in the retina and the LGN of the thalamus and in the visual 

cortex. It seems that saliency effects of color contrast are mainly cortical since they interact 

with other features such as motion and orientation, which are encoded in the cortex 

(Nothdurft, 2000). 

Not only the hues, but also saturation of the hues and lightness or luminance form part of the 

human color perception. At the photon absorption level saturation is coded by variances 

(width) in the absorption spectrum (Palmer, 1999). The smaller the absorption spectrum of a 

light is the higher is its saturation. This means that monochromatic light that only contains 

photons of one wavelength has the greatest saturation since its variance is zero. The 

experience of differences in lightness is due to height and area differences in the absorption 

spectrum of a cone (Palmer, 1999).  

Apart from color information the visual system processes information such as direction, 

motion, and localization in space. It is believed that the dorsal stream or ‘where-pathway’ is 

mainly concerned with spatial localization and motion. Attention control for directing gaze at 

a stimulus as well is considered to be controlled by the dorsal stream. In the ventral stream or 

‘what-pathway’ recognition and identification of the visual stimulus occurs. Object 

recognition in the ventral stream can bias the next attentional shift through top-down control 

(Itti & Koch, 2001). Considering the identification of an object with form and color the 

integration of activity from many different higher cortical areas from dorsal and ventral 

stream has to take place. 

The wavelengths of maximal absorption of M- and L- cones are very close. A reason for this 

close spacing of absorption spectra is the genetic origin of the two cone types. They are 

assumed to have evolved from a common ancestor much more recently than the S-cones and 

rods (Gegenfurtner & Kiper, 2003). There is still intense investigation going on on the 

evolutionary advantage of color vision, especially the development of red-green vision. The 

exact reason for the development of a visual system sensitive to lights of different 

wavelengths, which make us perceive colors, is still unclear. The most common explanation 

is that the distinction of red and green made it possible for our ancestors to find ripe fruit 

more easily. With the possibility of red-green vision ripe fruit, which have a high nutritious 

value, could be distinguished from still unripe fruit (Gegenfurtner & Kiper, 2003). This was a 

clear evolutionary advantage when living in the woods and gathering fruit. The better the 
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nutrients in the aliments are the better are the chances for survival. Dominy and Lucas (2001), 

however, claimed that trichromatic vision evolved for leaf foraging in primates. According to 

them the trichromatic system is not important for the detection of ripe fruit, but rather for the 

detection of young leaves among old ones. These young leaves frequently flush red in the 

tropics, have a rich content in protein, and are smoother than old ones. Very small color 

changes in leaves reflect a large change in their quality. Ripe fruit can be discriminated from 

mature leaves on both, red-green and blue-yellow color channel and as well by their 

luminance. Dominy and Lucas argued that the red-green color channel is not necessary to find 

ripe fruit, as there are other discrimination systems fulfilling this task. Moreover, in their 

study primates selected fruit that significantly differed in color among each other and, 

therefore, could not have been selected solely due to this feature.  

With its spatiochromatic properties the red-green system is optimized for detecting reddish 

objects against a green background of foliage (Párraga, Troscianko & Tolhurst, 2002). It 

eliminates luminance differences in the background and on the objects themselves making the 

scene uniform in color and the objects popping out of the scene. As the red-green system is 

shadow-invariant even objects that are shadowed and appear darker, should be detected as 

easily as lighted ones. The blue-yellow system, however, does not provide a uniform 

background without luminance differences and is consequently not optimized for easy and 

fast object recognition on a background of foliage. This is in contrast to the claim by Dominy 

and Lucas (2001) that objects can be detected without the help of the red-green system. 

Gegenfurtner and Rieger (2000) found that recognition accuracy was better for colored 

natural images than for black and white images even with very short presentation times. Thus, 

color helps to recognize objects faster as well as it helps to better remember formerly seen 

objects. These results give color vision a more general role than just detecting fruit and 

leaves. Color information as an additional attribute serves as a memory enhancer. 

Gegenfurtner and Rieger, however, did not investigate possible differences in memory 

enhancement for the two color channels. So the question of the amount of contribution of the 

two channels remains. 

The human visual system is most probably specialized and optimized for viewing natural 

stimuli rather than synthetically generated stimuli or man-made environments since natural 

images were the stimuli under whose influence the human visual system developed and was 

driven in its evolution (van der Linde et al., 2004). As we want to investigate low-level 

bottom-up visual phenomena we use natural stimuli in the present study. These stimuli seem 
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to be best suited for our study because they are most closely to natural images our visual 

system is specified for.  

Human vision and especially color vision is a topic which still has many open questions. Most 

studies used black and white stimuli (Einhäuser & König, 2003; Nothdurft, 2000) or they 

used colored, but artificial stimuli such as bars (Treisman & Gelade, 1980; Wolfe, Cave & 

Franzel, 1989). In our experiment we want to further investigate the question of how color 

information influences human overt attention in natural stimuli. The study focuses mainly on 

the influences of red and green color information on overt attention compared to blue and 

yellow information. We are interested in the question whether these two color channels 

influence attention differently. We conduct a free viewing study in which we record people’s 

eye traces with an eye-tracking device. Colored natural stimuli in three conditions containing 

color information of the entire visual spectrum, only red and green color information, or only 

blue and yellow color information are used.  

First, we want to find further evidence for Frey’s (2004) results for unmodified natural stimuli 

which features can be considered bottom-up features in viewing colored natural stimuli. We 

will extend this analysis to our color-modified stimuli to gain knowledge on how color 

information influences other features. We will analyze luminance contrast, saturation, red-

green and blue-yellow color contrast separately. 

Second, we want to investigate whether attention shifts between the three conditions. 

Following Párraga’s et al. (2002) findings our hypothesis is that red-green differences guide 

attention. Therefore, we expect a difference in distribution of fixations between the 

unmodified stimuli and the stimuli with only blue-yellow color information. The missing of 

blue-yellow information in the third condition, however, should not alter the distribution of 

fixation compared to unmodified stimuli. The attracting red-green contrast is still available. If 

our hypothesis is correct participants will fixate mainly on red objects on a background of 

green leaves rather than attending the leaves. We will interpret shifts of gaze as indicators for 

shifts of attention. 

Furthermore, we expect results on whether the above mentioned three opponent mechanisms 

in LGN are not only anatomically but also functionally independent from each other as 

expected or whether information in one channel alters responses from the other. We will 

discuss the independency of saliency mechanisms for the features luminance contrast, 

saturation, and color contrast. As a last step we will also investigate the contribution of form 

to the saliency of an object. 
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This study is one of the first studies to investigate the influences of color channels on human 

overt attention in unmodified a well as in color-modified natural stimuli and is supposed to 

contribute to the research of human color vision.  
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2 Methods 
2.1 Participants 

19 undergraduate university students took part in the experiment as participants. All had 

normal or corrected to normal vision and none of them showed color deficiencies (Ishihara 

Test for Color-Blindness (24 plates), Tokyo, 1975). Participant AZ had to be excluded from 

the experiment before starting due to color vision deficiencies. We had to abort the 

experiment with JF and AK due to very poor calibration values. Two participants (DG and 

MF) were excluded from the analysis due to poor calibration (mean error > 0.5°). In total we 

included 15 subjects in our analysis (see Table 2.1). The participants received either course 

credits for their psychology class or they were paid. All were naïve about the purpose of the 

experiment and had not seen the used stimuli beforehand.  

Each participant gave his or her written consent to voluntarily take part in the experiment. 

Subjects were informed about the eye tracking device, the calibration procedure, the 

experimental setup, and the course of the experiment. They were told that they had the right 

to have a break or terminate the experiment at any time. After the experiment the participants 

were informed about the purpose of the experiment (see appendix). 

 

Participant Gender Glasses/Lenses Included in 
analysis 

Mean 
Error 

Maximum 
error 

Eye 
tracked 

BB f no yes 0.28° 
0.48° 

0.70° 
0.73° 

left 
right 

BH f yes, lenses yes 0.48° 
0.46° 

1.08° 
0.89° 

right 
left 

BS m no yes 0.42° 
0.30° 

0.76° 
0.75° 

right 
right 

CS m no yes 0.42° 
0.44° 

0.95° 
1.00° 

left 
right 

DG f no no, poor calibration 0.51° 
0.59° 

0.99° 
0.83° 

right 
right 

FG m no yes 0.47° 
0.35° 

0.99° 
0.63° 

left 
left 

JS m no yes 0.41° 
0.39° 

0.83° 
1.33° 

right 
right 

MK f no yes 0.39° 
0.41° 

1.00° 
0.82° 

left 
left 

KI m no yes 0.28° 
0.31° 

0.58° 
0.61° 

right 
right 

LH m no yes 0.22° 
0.33° 

0.60° 
0.63° 

left 
right 

MF m no no, poor calibration 0.53° 
0.32° 

0.83° 
0.70° 

left 
left 
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NW m no yes 0.33° 
0.45° 

0.69° 
0.68° 

right 
right 

TBE m no yes 0.35° 
0.27° 

0.78° 
0.53° 

left 
left 

AZ m yes, glasses no, color deficiency - - - 
RM m no yes 0.36° 

0.24° 
0.58° 
0.44° 

right 
right 

JD f yes, lenses yes 0.41° 
0.16° 

0.75° 
0.40° 

right 
right 

ES f no yes 0.31° 
0.28° 

0.85° 
0.47° 

right 
right 

AK f yes, lenses no, aborted due to 
very poor 
calibration 

- - - 

LE m yes, lenses yes 0.35° 
0.23° 

0.93° 
0.66° 

right 
right 

JF f yes, lenses no, aborted due to 
very poor 
calibration 

- - - 

 
Table 2.1: Details of the participants in the eye tracking experiment 
The table shows gender, visual aids, inclusion in analysis and details for the calibration for each 
participant (mean and maximum error in degrees and which eye was tracked). We only included 
participants with a mean calibration error smaller than 0.5°. The two calibration values stated 
correspond to the first calibration (in the beginning) and the second calibration after 60 trials. 

 

2.2 DKL color space 

As mentioned all surface colors experienced by humans can be described in terms of the three 

dimensions hue, saturation, and lightness. These dimensions define a color space, a three-

dimensional coordinate system in which each possible visible color can be represented 

(Palmer, 1999). We are mainly interested in how attention is guided by the absence or 

presence of colors. For this purpose it is most suitable to use a color space that is defined 

according to properties of neuronal processing mechanisms of color vision. 

In our experiment we therefore used the Derrington-Krauskopf-Lennie (DKL) color space, 

which is a three-dimensional extension of the Boynton-MacLeod chromaticity diagram 

(MacLeod & Boynton, 1979). It is based on psychophysical threshold detection experiments 

(Krauskopf, Williams & Heeley, 1982) and cone excitation measurements (Derrington, 

Krauskopf & Lennie, 1984). Three perpendicular axes span the DKL color space: the 

tritanopic confusion line or constant R/G axis, the constant blue axis, and the luminance axis. 

The three axes are called cardinal axes since signals varying along them are processed in 

separate neuronal pathways. In the threshold detection studies Krauskopf et al. (1982) found 

that thresholds for detecting changes along one axis are not altered by the prior exposure to 
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stimuli varying along the other axes. Along the tritanopic confusion line the excitation of the 

S-cones varies, whereas the signals from the M- and L-cones are stable. Along this axis the 

portion of red and green in the signal appears to vary for the viewer. Nevertheless, such a 

habituation stimulus fails to reduce detection of red and green test pulses. Along the constant 

blue axis only the signals from the M- and L-cones vary in a way that their sum is constant. 

The S-cone signal does not vary. Signal variations along this axis correspond to the 

perception of red-green changes. The luminance axis corresponds to the intensity. Taken 

together this color space reflects the physiological properties of the LGN cells. Its axes were 

psychophysically defined and the preferred color directions of the LGN cells cluster around 

them.  

People with tritanopia lack the S-cones in their retina and cannot perceive differences in blue 

and yellow normally perceived along the tritanopic confusion line. This fact leads to the 

original name of this axis in the DKL color space. To avoid confusion we will refer to the 

tritanopic confusion line as blue-yellow axis and to the constant blue line as red-green axis. 

Note however, that these names are not meant to imply that the axes refer to the colors that 

humans normally denote as standard red, green, blue, and yellow. 

The origin of the DKL color space is an achromatic stimulus with average luminance, which 

we would perceive as gray. This origin is called the white point. Parallel to the intersection of 

the blue-yellow and red-green axis there is an infinite number of isoluminant planes. This is 

important for our experiment since we are thus able to modify the colors of our stimuli in one 

isoluminant plane keeping the luminance between the conditions stable. 

Every value in the DKL color space can be described by its azimuth, elevation, and absolute 

vector length from the white point. The azimuth is the angle between 0 and 360 degrees 

beginning at the red-green axis and defines the color. The red-green axis has an azimuth of 0° 

whereas the blue-yellow axis is defined by an azimuth of 90°. The elevation is the angle 

between the isoluminant plane and the luminance axis (between -90° and 90 °) and together 

with the absolute vector length defines luminance. The absolute vector length corresponds to 

the saturation of color. Figure 2.1 sketches the DKL color space with its axes that span the 

three-dimensional space.  

As we modify our stimuli by cutting off red-green or blue-yellow color information, a color 

space whose axes correspond to separate neuronal processes is best suited. When we cut for 

example the red-green axis we know that this is equivalent to completely equal excitation of 

M- and L-cones during stimulus presentation. They do not contribute to any differences in 
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perception. Only with this prerequisite we can make conclusions about processes in color 

channels in the visual system.  

 

 

 
 
2.3 Stimuli 

In our experiment we used natural color stimuli, which consisted in modified and unmodified 

photographs from the rain forest in Uganda. Tom Troscianko from the University of Bristol 

took all photographs with a Nikon E950 camera. The camera was calibrated in order to 

gamma-correct the photographs and make them maximally natural looking. The photographs 

show trees, bushes, foliage, and fruit in various distances. No man made objects can be seen 

and the dominant colors of the photographs are red and green. We chose 40 pictures out of a 

database of 370 photographs. We included only pictures without highly blurred backgrounds 

and we made sure that the overall acuity of the stimuli was alike. No photographs with strong 

luminance variations were included to avoid unwanted fixation biases due to those variations.  

The original photographs in CIE XYZ color space were transformed to RGB color space and 

were then down sampled to a screen resolution of 768 x 1024 pixels. Afterwards they were 

transformed to DKL color space. We defined three different conditions for each photograph. 

First, we used the unmodified DKL stimuli in which information of the full color spectrum 

are included. We will refer to those stimuli as NAT condition for ‘natural’.  Second, we set 

the saturation of the blue-yellow axis (tritanopic confusion line) to zero creating stimuli in 

Figure 2.1: The DKL color space 
Three cardinal axes span the DKL color space: The constant B 
axis (red-green axis), constant R & G axis (blue-yellow axis) and 
the luminance axis. Signals along these axes are processed in 
separate neuronal pathways. Taken from Derrington, Krauskopf 
& Lennie, 1984. 
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which there is only red and green color information present. This corresponds to an excitation 

of the M- and L-cones. These stimuli appear grayish green and red. This condition will be 

referred to as TCR condition for ‘tritanopic confusion reduced’. Third, we eliminated the 

influence of the red-green axis (constant blue axis) by setting the saturation of this axis to 

zero, which provided us with stimuli that excite the S-cones of the human retina. These 

stimuli appear greenish due to a mixture of blue and yellow color information of the blue-

yellow axis. This condition is referred to as CBR for ‘constant blue reduced’.  
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As we did not want to investigate luminance influences in our experiment we did all these 

modifications in the isoluminant plane of the DKL color space. Figure 2.2 shows example 

stimuli and an illustration of colors in the DKL color space. For display presentation we 

transformed the created 120 stimuli back to the RGB color space. All modifications were 

conducted on a Macintosh iMac PowerPC G4 (3.3) (Apple, Cupertino, CA, USA) using 

Matlab 7.0 (Mathworks, Natick, MA, USA, 2005). 

 

2.4 Apparatus  

We assume that the measurement of eye traces, gaze positions, and fixations is a 

measurement of attention; that is, a spot where a person fixates is the part of a stimulus to 

where the person overtly attends. Eye-tracking studies measure eye movements to then refer 

from shifts in human gaze to shifts of attention (Nothdurft, 2000; Einhäuser & König, 2003; 

Frey, 2004; Engmann, 2004).  

 

2.4.1 Eye-tracking paradigm and calibration 

The Eyelink II eye-tracking system (SR Research Ltd Mississuaga, Ontario, Canada) was 

used for recording eye traces of the participants. Three infra-red cameras on an adjustable 

headband record the position of the participant’s head and the movements of both eyes. The 

local position of the participant’s head is determined by four markers on the edges of the 

monitor, which sent infra-red rays to the head camera. This device makes it possible to 

compensate for minor head movements. Nevertheless, we used a chin rest helping the 

participants to keep their heads still. The two cameras for the eye traces and fixations are 

placed under the participant’s eyes. An object recognition algorithm is used to identify the 

darkest area of the eye as pupil. From the position of the pupil the gaze position is calculated. 

To do this, the eye tracker needs to be calibrated to make the gaze point a known variable and 

to then correlate pupil position correctly to gaze position. During calibration the accuracy of 

fixation is measured and determines how accurate gaze position can be computed from pupil 

position later on. The recorded data from the eye cameras is sent via a local network from the 

display computer, which runs the experiment, to a host pc running the Eyelink II software. 

Before each trial the accuracy of fixating is tested and possibly corrected with drift correction 

for example in case that the headband slipped.  
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2.4.2 Hardware 

A Powermac G4 / 1.256 GB (Apple, Cupertino, CA, USA) was used as display computer. 

The stimuli were shown on a 21- inch Samsung SyncMaster 1100DF 2004 CRT-monitor 

(Samsung Electronics Co, Ltd, Korea) with a resolution of 768 x 1024 pixels and a refresh 

rate of 120 Hz. The color settings of the display monitor were set to a temperature of 6500k 

and RGB values of 66, 50, and 63 respectively. The system was also set to a color 

temperature of 6500k. These settings were consistent for all participants. The Eyelink II 

software was run on a PC, Pentium 4.2.6 (Dell Inc., Round Rock, TX, USA). Synchronization 

of the two computers took place via a direct network connection fiber optic cable. 

 

2.4.3 Monitor calibration 

Light emitted from each location on a monitor is produced when an electron beam excites a 

phosphor coating at the front of the monitor. A color monitor has three phosphor types for 

red, green, and blue, which are arranged periodically in dots on the screen. There are three 

electron beams and each one only excites one phosphor type (Brainard, Pelli & Robson, 

2002). A monitor with a cathode ray tube (CRT) converts a video signal to light in a nonlinear 

way. The exponent of the exponential increase in phosphor intensities is called the gamma of 

a monitor. That is, the gamma is a value that defines the nonlinear relationship between the 

video signal and luminance of a monitor, which is due to the electron gun of the CRT 

(Poynton, 2002). A gamma characteristic is a relationship that approximates the relationship 

between the encoded luminance in a television system and the actual desired image 

brightness, that is, it characterizes the input-output relationship for each primary color red, 

green, and blue. With this nonlinear relationship, equal steps in encoded luminance 

correspond to subjectively equal steps in brightness. The luminance produced on the display 

is therefore the applied voltage of the video signal raised to the power of the gamma value. 

This gamma normally is a value near 1.8 for Macintosh computers (Poynton, 2002) for all 

three phosphors red, green, and blue of the CRT but can slightly differ. We determined the 

gammas of our system with a Gossen “Leuchtdichtemesser” where we measured the 

intensities over the whole range of the three phosphors (phosphor emission spectra) and then 

determined the gamma for each function. Our monitor had gammas of 1.908, 1.945, and 

1.742 for red, green, and blue respectively. The exact intensity values were then used for the 

transformation of stimuli from the DKL color space back to the RGB color space for stimulus 

presentation. This was necessary since the Eyelink II presentation software represents color as 
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RGB triplets. This means that we had to map the intensities of the phosphors of the monitor to 

the axes of DKL color space. In this transformation the inverse transfer function (gamma 

correction) is applied to the video signal to account for the non-linearity of its conversion to 

luminance of the monitor. DKL to RGB conversion reached linear values for our stimuli.  

We adjusted brightness to 20 and contrast was set to 100 for our monitor settings. This is 

important as these two controls affect the gamma function (Brainard, Pelli & Robson, 2002). 

For more detailed information on monitor calibration and conversion from DKL to RGB color 

space see Frey (2004), Brainard, Pelli and Robson (2002), and Poynton (2002). 

 

2.5 Experimental Setup  

The experiment was conducted in a room with dim light at the Neurobiopsychology 

laboratory at the University of Osnabrück with the experimenter present at all times. The 

participants sat in front of the display monitor at a distance of 60 cm. A chin rest was used to 

help the participants keep their heads still approximately in the middle of the monitor. Both 

eyes were calibrated with a 9-point grid procedure and as an Eyelink II standard setting only 

the better eye was selected for recording. Calibration values were accepted that had a mean 

error of <=0.5° for validation. Otherwise the system was recalibrated. A standard drift 

correction was applied after calibration/validation as well as before each stimulus 

presentation. Before each stimulus presentation a fixation point on a medium intensity gray 

screen was shown. This background was best suited so that the participants did not have to 

adapt to a change in brightness between fixation mask and stimuli. We triggered the next 

stimulus presentation when the participant looked stably at the fixation point. After the first 

60 trials the subjects could take a short break. The second half began with a recalibration and 

then the remaining 60 trials were conducted in the same manner as before.  

We presented 120 natural stimuli in three conditions as described above. The stimuli were 

presented in random order for each participant. This was done to avoid any unwanted effects 

of order over all participants. Each stimulus was presented for 600ms. The two blocks lasted 

approximately 7 minutes each and for both blocks the subjects were instructed to “look 

around on the images carefully”. No other instructions were given. An example of recorded 

fixation locations for the three conditions is given in Figure 2.3. 

To avoid any change in luminance output, the display CRT-monitor was switched on at least 

30 minutes before the experiment allowing it to warm up. 
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2.6 Features  

We included the three features luminance contrast, saturation, and color contrast in our 

analysis. Color contrast itself is divided into blue-yellow and red-green color contrast and is 

for this study of great importance. We will consider the other two features always together 

with the color contrast when interpreting results.  

 

2.6.1 Luminance contrast 

The light intensity or luminance of color corresponds to the third dimension of the DKL color 

space. For our analysis we were interested in the luminance contrast at fixation locations vs. 

the luminance contrast at control positions. Luminance contrast is defined by Reinagel and 

Zador (1999) as the standard deviation of the luminance within a square region divided by the 

mean intensity of the image (as cited in Frey, 2004). The formula for the unitless luminance 

contrast is as follows: 
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where I  is the mean intensity of the image, kjI  is the intensity of the pixel at position (k,j) in 

the image patch m and mI  is the mean intensity of the image patch m. ∏m
is used to denote 

the indices (k,j) of the pixels in the image patch around control or fixation location. 

Intensity values for each axis were defined from –0.5 to 0.5. In order to get intensity values 

for all pixels in a range from 0 to 1 (without having negative values) we added 0.5 to the DKL 

pixel values. The above-mentioned formula shows that we defined one value for luminance 

contrast for each fixation and control patch. 

Figure 2.3: Example fixations 
These three photographs show example stimuli with fixations of eight subjects. The left stimulus 
shows fixations in NAT condition, the stimulus in the middle shows CBR condition, and the 
right stimulus shows fixations in TCR condition. 
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2.6.2 Saturation 

Saturation as a dimension of color captures the vividness of the hues. It is defined as the 

absolute value of the hypotenuse of a right triangle where the two color axes are the legs. In 

our modification of the stimuli we set one color axis to zero at a time. That is, for the 

calculation of saturation only the remaining values of the other axis can be taken into account. 

This changes saturation values over conditions so that we cannot compare saturation values 

over NAT and the other two conditions. In the CBR and the TCR condition saturation is made 

up only of the value of one axis. As we do not compare the saturation of the same pixel over 

conditions but the mean saturation, we can compare these two conditions. That is, in our 

analysis we exclude the comparison of unmodified stimuli (NAT condition) with modified 

stimuli (CBR and TCR).  

 

2.6.3 Color contrast 

We were interested in the contribution of the two color opponent mechanisms (red-green and 

blue-yellow) to the attraction of attention. These two processes correspond to the two cardinal 

axes in the DKL color space as described above. For our purpose we need a measure of color 

contrast that provides two values, one for each process. We used the definition of color 

contrast in a patch around actual fixation or control fixation as stated in Frey (2004) for the 

red-green axis: 
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where rg
kjE is the activation along the red-green axis of the pixel at position (k,j) in the image 

patch m and rg
mE  is the mean activation along the red-green axis in the patch m. In an 

analogous way the formula holds for the blue-yellow axis. 

 

2.7 Data Analysis 

We wanted to find out what kind of feature properties attract gaze. As our results should be 

valid for all our subjects and stimuli we merged data of our participants yielding a greater 

sample. We tested the samples of the participants for homogeneity to be able to merge data 

sets. Furthermore, we merged images to yield general conclusions over different stimuli. 

Nevertheless, we looked separately at stimuli that produced outliers to learn from those even 

more about feature properties that attract gaze. 
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2.7.1 Fixations 

Humans do saccades approximately three to five times per second to reorient the high acuity 

fovea in the center of the retina onto interesting regions in the field of fixation. Eye 

orientation is relatively static between these saccades for about 200 to 300 ms (van der Linde 

et al., 2004; Itti & Koch, 2001). In our study the Eyelink II system distinguishes fixations 

from saccades directly by a velocity, acceleration, and motion threshold. A saccade is 

detected when eye movement velocity exceeds 30 degrees per second and acceleration 

exceeds 8000°/sec2. The saccadic motion threshold was set to 0.1 degrees to delay the onset 

of a saccade until the eye has moved significantly.  

As the participants fixated the fixation point that was shown in the center before each 

stimulus presentation, their first fixation on the stimulus recorded was with a very high 

probability in the center of the stimulus independent of its properties. We, therefore, excluded 

the first fixation of each participant from analysis. Furthermore, we excluded fixations in 

border areas of the stimulus since here the participants may have been attracted by the edges 

of the monitor or the change from photograph to monitor enclosure. We did this by only 

including those fixations in the analysis that fell within a 600 x 600 pixel-wide region around 

the center of the display. 

Around each fixation we defined a patch of 80 x 80 pixels, which was used for calculation of 

feature properties at fixation. We decided to use this patch size since it was used before by 

Frey (2004) and König and Einhäuser (2003) and we wanted to make our results comparable.  

 

2.7.2 Control fixations 

For conclusions about properties of actual fixations we need to compare these values at actual 

fixations to values of the same features at control positions. People may have a bias in their 

gaze to one direction (e.g. to the left side of a picture) without being influenced by the 

stimulus itself. Then actual fixations as well would be shifted to this direction. If we 

compared these actual fixations with randomly selected controls, we would probably get 

differences between fixation and controls just because there could be a more saturated object 

or a special dominant color on the biased side of the stimulus. To avoid these misleading 

differences we selected our control fixations in another manner.  

We used for controls all fixations made by the same subject on all other stimuli in the same 

condition. This means that we used the coordinates of the fixations from all 39 remaining 

pictures as control locations on the actual stimulus. With this procedure we accounted for a 
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possible bias of the participant’s gaze direction. With fixations and controls from the same 

subject the bias would not only be present in the actual fixations but also in the controls. We 

thus exclude the possibility that differences between controls and actual fixations are due to a 

bias in gaze direction and not due to feature properties attracting gaze.    

 

2.7.3 Inferential statistics 

In our study we used the Wilcoxon signed rank test and the Kolmogorov-Smirnov (KS) test 

for comparisons of data distributions. Our data are not normally distributed and we 

consequently used these two non-parametric tests that do not require normal distribution of 

data. We tested for normal distribution with the standard Matlab function lillietest. A one-way 

ANOVA was used for testing for significant differences in the time course of fixations. We 

set our confidence level to 95% for all tests. That is, we considered p-values of 0.05 or 

smaller to show significant differences. All information for statistical procedures is taken 

from Zar (1999) when not stated otherwise. 

 

2.7.4 Distance from bisector 

We were interested in the differences of feature properties at actual fixations and control 

positions. For this we calculated one point for each subject, picture, feature, and condition, 

which had the median value of the feature of the actual fixations as its x-value and the 

corresponding median value of the controls as its y-value. If a point has the same x- and y-

value it lies exactly on the bisector in a coordinate system. This means that for this specific 

subject in this specific stimulus there is no difference in feature property between control and 

fixation points.  

The measure of the distance from bisector gives us information on how strong the shift is, that 

is, of how strong the differences in feature values are. This is important because only a 

quantitative measure of how many values are greater for the actual fixations or the controls, 

does not give a qualitative difference in feature values at fixation and control locations. It may 

be possible that all points are just shifted minimally to the right of the bisector but that none 

of these shifts is of importance. Just looking at the number of how many points are shifted to 

one direction can therefore be misleading.  
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We did not calculate the absolute value however, since we wanted to account for the direction 

of the distance. A negative value means higher values for controls, whereas a positive value 

means higher feature values at actual fixations.  

The comparisons of the means of these distances give us a measure of qualitative differences 

of the features over conditions. From these measures we as well can conclude whether 

different features are independent.  

 

2.7.5  Fixation constancy 

We used a binning procedure to divide our stimuli in 12 x 16 bins with 64 x 64 pixels each. 

This was done to be able to decide whether fixation locations were similar or different 

between subjects. For each bin we counted the number of fixations within this bin for each 

subject. As fixation locations always vary even though participants attend to the same spot it 

is important to merge fixations very similar in their location in order to reduce noise.  

For the calculation of fixation constancy over all participants for each stimulus we binned one 

image for two persons leading to two separate matrices. We then multiplied the matrix values 

pointwise which resulted in one matrix containing a zero for each entry, which was the result 

of the calculation in bins where at least one did not contain any fixations. We obtained a 

matrix, which contained many non-zero entries when the fixation location of the two 

participants was similar. We added all entries of this matrix and permutated the entire 

procedure over all pairs of subjects. Numbers of fixations were not constant over subjects, 

pictures, and conditions. As we wanted to compare the values for all images and as well over 

conditions we had to normalize the values by dividing by the number of fixations made.  

The resulting fixation constancy values for each stimulus need to have a reference point so 

that we are able to actually evaluate the results. We calculated a theoretical maximum value 

of fixation constancy. The idea was that this value represented one hundred percent the same 

fixation patterns for all subjects. The calculated value underlies the assumption that each 

subject made 18.86 fixations in NAT condition, 18.63 fixations in CBR condition, and 19.02 

fixations in TCR condition. These values are the mean values of all fixations actually made in 

the three conditions. We assumed furthermore, that 2.51 bins for NAT, 2.20 bins for CBR, 
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and 2.45 bins for TCR condition contained two fixations each. The remaining bins were 

calculated with one fixation each. This assumption as well is based on the mean values of 

actual fixations per bin for each condition. With these assumptions the theoretical value was 

calculated as described above for actual data. 

 

2.7.6 Spatial distribution and Kullback-Leibler divergence  

We also calculated the relative frequencies of a fixation in a specific bin. These relative 

frequencies provide us with information where participants looked at. That is, we get hereby 

information about the spatial distributions of fixations.  

The Kullback-Leibler-Divergence (DKL) is a measure for how similar probability distributions 

are. We used the DKL as a measure of similarities in the spatial distributions of fixations. 

More than the pure fixation constancy measures the DKL provides information of whether 

high fixation constancies in the different conditions are as well constancies over the same 

objects. In principle it may be possible that different conditions lead to constant fixations, but 

on different objects. DKL is calculated as follows:  

DKL (P || Q ) = �x
P(x) * log (P(x)/Q(x)) , 

DKL (P || Q) � 0 

where DKL (P || Q) = 0 iff P = Q. 

 
where P and Q are probability distributions. DKL is zero when the two distributions are 

exactly alike, otherwise it is greater zero. The greater the value the more different the two 

compared distributions are. 

 

2.7.7 Monte-Carlo sampling procedure 

We used a basic Monte-Carlo sampling procedure as a method of random sampling for the 

calculation of color contrast values of our stimuli. Taking the entire sample is impractical 

since calculation would take too long. We obtained from the procedure 10,000 randomly 

chosen numbers for each stimulus with the standard Matlab function rand that were then used 

to determine coordinate points on the images by determining the coordinates where the 

distance between the random number and luminance value on the image was smallest. 

Around these points we calculated the color contrasts in patches of 80 x 80 pixels. 

 

 



The Influence of Chromatic Information on Human Overt Attention                                                          Methods 

    22 

2.7.8 Time course of fixations 

We looked at the course of fixations in a before-after manner (analysis per fixation) and did 

not analyze data with bins of seconds. We were interested in what attracts attention first, that 

is, where the participants looked first. For this question time binning to seconds or 

milliseconds is not overly important since every participant attends a location differently long. 

We rather wanted to know whether early fixations are attracted by different object features 

than later fixations. We looked at the first 15 fixations after the exclusion of the first fixation. 

A one-way ANOVA over fixations and least square fits (linear regression curves) whose 

slopes indicate direction of change were used for analysis. As it is possible that stimulus 

architecture, that is, the properties of the pictures at specific locations, influences gaze 

behavior of participants, we had to account for this. Otherwise it would have been possible 

that changes in properties of fixations are not due to the features itself, which attract attention, 

but rather to the properties of the picture. A convincing example is that in the center of the 

picture the red-green contrast could be higher than in the surroundings and because people 

started their free viewing in the center (defined by the fixation cross) the first fixations would 

show a much greater value for red-green contrast. This however, would not show an influence 

of this feature in attracting overt attention. We subtracted from each mean feature value for 

each fixation the corresponding mean value of the control locations to exclude those possible 

influences.
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3 Results 
In the analysis of natural stimuli statistics as well as descriptions and observations of fixation 

and stimulus properties are of importance. We looked at both aspects in detail. We began with 

the analysis of the basic features luminance contrast, saturation, and color contrast to be able 

to compare our results with former studies (Frey, 2004; Nothdurft, 2000). 

Especially in free viewing tasks in natural stimuli an analysis of spatial distributions of 

fixations is interesting and important. As a next step we analyzed where people looked at in 

the stimuli. We concentrated on the question whether spatial distribution differed between 

conditions and investigate fixation constancies over participants for the three conditions.  

After looking at where the participants overtly attended, we investigated what kind of object 

properties first attract gaze, that is, we looked at the time course of fixation properties. 

Whenever it seemed appropriate we separately considered the stimuli that produced outliers 

to learn more about attention guiding properties and their complexity. Here one important 

aspect was the contribution of form to the saliency of an object. 

 

3.1 Median values of features 

As a first step of analysis we looked at the median values for features at fixation locations in 

contrast to the values of the features at control locations. These plots (Figures 3.1-3.4) give a 

tendency of how great the influence of the specific feature is in guiding attention. A drift to 

the right implies that the specific feature guides attention since people tend to look at 

locations where this feature is apparent. Median values of all participants at fixation locations 

are significantly different from median values at control locations for all features and 

conditions (KS-test, p < 0.001 for all tests). For all conditions and features median values at 

actual fixations are greater than median values at control positions clearly above chance. In 

65.7%, 60.8% and 66.3% the fixation values are greater for luminance contrast in the NAT, 

CBR and TCR condition respectively (Figure 3.1).  
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For saturation fixation values are greater in 69.2%, 59.5% and 78.2% (Figure 3.2).  

 
 

For the NAT condition fixation values of red-green color contrasts are greater in 83.8% and in 

70.3% for the blue-yellow color contrast. In the CBR condition 63.7% of the median fixation 

values for blue-yellow color contrast are greater (Figure 3.3). 84.5% of the median fixation 

values for red-green color contrast are greater in the TCR condition (Figure 3.4).  
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The red-green contrast for CBR condition and the blue-yellow contrast for TCR condition are 

zero because of our stimulus modification. Even though all shifts for all features are 

significant, the strongest shifts towards the x-axis are found for the red-green contrast in both 

conditions. 

It is important to consider the nature of the visible outliers in Figures 3.1, 3.2, 3.3, and 3.4. It 

is possible that specific pictures or participants produce these outliers or the outliers may just 

be caused by a random sample of stimuli and subjects. We find that the outliers are always 

caused by specific stimuli. In all stimuli that lead to extreme values for medians we find 

features that allow for intuitive explanations of why they do so (Figure 3.5). Some pictures 
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show reflections of light, which may strongly attract attention; others show fruit of a brilliant 

red within an environment of brownish green. The red-green contrast between actual fixations 

and control locations in these stimuli is greater than in other stimuli of the same condition. In 

Figure 3.5 we show among others two example pictures (upper right and lower middle) where 

the first produces extremely high actual fixation values compared to control values for the 

luminance and red-green color contrast features and the other causes extremely low values for 

the saturation feature at actual fixation compared to controls. We find the strongest outliers 

for the red-green color contrast feature.  

 

 
 

As shown in Figure 3.5 there are also stimuli for which actual fixation values are much 

smaller than the values at control positions. We find this type of outlier especially for 

saturation. Looking at the stimuli we find brownish fruit in front of bright green foliage. Even 

though the pixels of this fruit do not have great saturation values people are attracted by the 

object. A stimulus which shows reflections of light between the foliage in the background but 

rather dark red leaves as well produces lower luminance contrast values at fixation compared 

to controls. Here we have to keep in mind that the control fixations are the fixation 



The Influence of Chromatic Information on Human Overt Attention                                                            Results 

    27 

coordinates from all other stimuli of the same condition applied to the actual stimulus. 

Because of this random distribution one can find many control fixations in the illuminated 

spots between the foliage making the median control luminance value very high.  

We find that dominant object forms in our stimuli attract attention even though the saturation 

of these objects is lower than in the surroundings. As we do not find any correlation between 

specific participants and the outliers we do not have to consider any participant separately.  

 

3.2 The influence of color information  

We are mainly interested in the influence of color information on attention and how 

information from the two color channels may influence other features. We looked at feature 

differences at actual fixations and controls between and within conditions.  

As the pure inferential statistical tests give significant values for all features and conditions 

when we test feature values at fixation location against control locations, it is important to 

look at the qualitative effect size. We used the measure of mean distance of the median values 

for fixation and control locations from a bisector line. A distance of zero hereby means that 

the feature values are equal at actual fixations and at control points. The greater the distance 

the more difference there is between feature values at actual and control locations (see section 

2.7.4 for details). For all features and conditions we find a positive mean distance from 

bisector. This shows that mean feature values at fixation points are greater than mean values 

at controls in all cases. All mean distances are significantly different from zero (Wilcoxon 

signed rank test, p < 0.001 for all cases). 

A first question we asked is whether the influence of red-green color information is greater 

than the influence of blue-yellow information in unmodified stimuli (NAT condition). That is 

we wanted to know whether there exists a qualitative difference between the mean distances 

of median values from the bisector line. Figure 3.6 shows the distance for the red-green color 

contrast of 0.010 compared to the blue-yellow color contrast distance of 0.004. Here we find 

that the distances from bisector between red-green and blue-yellow contrast are significantly 

different for the two conditions (Wilcoxon signed rank test, p < 0.001).  

The difference between the mean red-green and mean blue-yellow contrast at control 

locations (0.023 and 0.044 respectively) is significantly different (Wilcoxon signed rank test, 

p << 0.001). This means that in our stimuli the blue-yellow contrast is bigger than the red-

green contrast. However, as the calculation of distance from bisector considers the differences 

of color contrast at actual fixation locations and control locations separately for red-green and 

blue-yellow contrast we are still able to compare these values. The two different mean color 

contrasts for red-green and blue-yellow at controls do not pose a problem to this calculation.  



The Influence of Chromatic Information on Human Overt Attention                                                            Results 

    28 

 
 

 

 
 

A second question we considered is whether red-green or blue-yellow color contrasts in 

stimuli have a stronger influence in fixation when the opponent color contrast (that is: red-

green for blue-yellow and blue-yellow for red-green) is inexistent. To investigate this 

question we looked at the distances from bisector for the two color contrasts in the NAT 

condition with unmodified stimuli and the condition in which either the color information of 

the blue-yellow axis or the red-green axis are missing. In these two conditions the blue-yellow 

or the red-green color information is not existent.  

We find that the distances from bisector for red-green color contrast in the two conditions 

NAT and TCR (0.0101 for NAT vs. 0.0104 for TCR; Figure 3.7) are not significantly 

different from each other (Wilcoxon signed rank test, p = 0.384). This means that the 

difference between red-green contrast at fixation and control locations is stable whether other 

color information is present or not. 

Figure 3.6: Difference in color contrasts between fixations and controls 
in NAT condition 
The mean difference between fixations and controls for red-green contrast 
is significantly bigger than for blue-yellow contrast.  
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For the blue-yellow color contrast we find a small difference between the two conditions. The 

NAT condition shows a mean distance from bisector of 0.0037 vs. a mean distance of 0.0031 

for the CBR condition (Figure 3.8). Even though this small distance is not significant 

(Wilcoxon signed rank test, p = 0.139) our data shows a tendency that blue-yellow contrasts 

have a stronger influence in attention when they are combined with red-green information. 

The only explication we can offer for this is that the general influence does not change but 

that the few outliers that can be found in the NAT condition are missing in the CBR condition 

(compare Figure 3.3) and, therefore, the mean distance from bisector is smaller. For the 

outliers it is possible that pictures, which combine strong color contrasts of red-green and 

blue-yellow in the same locations, cause them to be extreme. But this may then rather be due 

to the red-green contrast than to the blue-yellow color information.  

Figure 3.7: Difference in red-green contrast between NAT and TCR 
condition 
The mean difference between fixations and controls for red-green contrast 
does not differ between conditions in which blue-yellow information is 
present or not.   
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We looked at the mean differences for luminance contrast between fixations and controls for 

the three conditions (Figure 3.9). The differences are not significant for NAT and CBR 

(Wilcoxon signed rank test, p = 0.491), CBR and TCR (Wilcoxon signed rank test, p = 0.412) 

and TCR and NAT (Wilcoxon signed rank test, p = 0.579). However, there is a tendency that 

luminance contrast at fixation is smaller in CBR condition (0.046) than in NAT and TCR 

(0.051 and 0.053 respectively). Values for luminance contrast at actual fixation points 

between conditions NAT, CBR, and TCR are greater around chance level (50.0%, 49.5% and 

51.2%).  

Figure 3.8: Difference in blue-yellow contrast between NAT and CBR 
condition 
The mean difference between fixations and controls for blue-yellow 
contrast does not differ between conditions in which red-green information 
is present or not.   
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As our manipulation of the stimuli changes the vector lengths which define saturation (see 

section 2.6.2), it is not possible to compare the unmodified stimuli in NAT condition to the 

other conditions. We, therefore, only considered the difference between the CBR and TCR 

condition in which general vector lengths for saturation are stable. The mean distance from 

bisector shows a clear qualitative difference between these two conditions. Mean distance for 

CBR condition is 0.003 whereas mean distance for TCR condition is 0.006 (Figure 3.10). The 

difference of distances from bisector is highly significant (Wilcoxon signed rank test,             

p < 0.001). When red-green information is present the difference between saturation at 

fixation locations and saturation at control locations is strong. When blue-yellow information 

is present in the stimulus, however, the saturation difference between controls and fixations is 

small.  

In 95.0% the median saturation value for a fixation in condition CBR is higher than in 

condition TCR. This shows that in general saturation values are smaller in the TCR condition 

for actual fixations as well as for controls (compare Figure 3.2). As the blue-yellow 

information is missing, which makes up the bright green color of the leaves taking in a great 

amount of the photographs, this finding is comprehensible. 

Figure 3.9: Difference in luminance contrast between conditions 
The mean difference between fixations and controls for luminance 
contrast does not differ between conditions in which red-green or 
blue-yellow information is present or not.   
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3.3 Spatial distribution of fixations 

Until now our analysis gives results of fixation properties without providing us with the 

locations of the fixations in a stimulus. As we are interested in the question of whether special 

objects or regions in a stimulus are mainly attended, we looked as well at the distribution of 

relative fixation frequencies values in the stimuli. This analysis on the one hand provides us 

with information on where people look in a stimulus. On the other hand, it tells us whether 

fixation locations of one stimulus change over the conditions. More than statistical tests 

illustrations of the distribution of fixations over an image give us knowledge of consistent or 

inconsistent fixation locations of subjects. Figure 3.11 shows some example stimuli and the 

relative fixation frequencies for each condition. A simple inspection of the plots shows that 

distribution patterns of fixation for NAT and TCR condition are very similar. People fixate 

the same locations whereas for CBR condition fixation location changes completely or as in 

most cases is wider distributed. Looking at the original stimulus the conformity with 

dominant objects in the photographs is obvious. 

We used the Kullback-Leibler-Divergence (DKL) to investigate the spatial distributions with 

statistical means (Engmann, 2004). This gives us another measure of whether fixation habits 

change over conditions and provides us with more information on whether the fixations in the 

Figure 3.10: Difference in saturation between conditions 
The mean difference between fixations and controls for saturation 
significantly differs between conditions in which red-green or 
blue-yellow information is present or not.   
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conditions differ in location or not (see section 2.7.6 for details on DKL). Depending on the 

condition different objects may attract attention constantly over subjects.  

 

We find that the mean DKL for NAT and CBR (a) condition is 0.265 and for CBR and TCR 

(b) condition 0.223. The DKL for NAT and TCR (c) condition, however, only is 0.168. The 

smaller value for the two conditions NAT and TCR (c) means that the distribution of fixations 

on one picture is more similar for these conditions than when compared to fixations in the 

CBR condition (a and b). We compared the DKL of the NAT and CBR condition (a) with the 

DKL of the NAT and TCR condition (c) for each image. We as well compared the DKL for 

TCR and CBR (b) with the DKL for TCR and NAT (c) for each image. The differences in DKL 
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are significant for NAT condition compared to the same picture in CBR and TCR condition (a 

and c) (Wilcoxon signed rank test, p < 0.001) and for TCR condition compared to CBR or 

NAT (b and c) (Wilcoxon signed rank test, p = 0.002). The difference in the DKL values for 

the two comparisons in which the CBR condition is involved (a and b) is not significant 

(Wilcoxon signed rank test, p = 0.051). We here find that whenever red-green information is 

missing in a stimulus distribution of fixations changes compared to stimuli containing this 

information. 

 

3.4 Fixation constancy  

We already have found that the same objects are fixated in NAT and TCR condition. To find 

out more about where people attend to and whether there are features in a stimulus that attract 

gaze for all participants, we investigated the fixation constancy over all participants for each 

stimulus. For a description of the procedure see section 2.7.5. We are interested in two main 

questions. First, are there stimuli that produce extremely high or low constancy values in 

some conditions and what are the specific properties of these stimuli? And second, is there a 

general difference in fixation constancy over conditions? 

We calculated a theoretical maximum value, which could be reached for fixation constancy. 

The theoretical maximum value gives us a reference of what the actual fixation constancy 

values mean because it establishes an upper theoretical limit. However, we have to keep in 

mind that this limit is only a theoretical one and that the actual values of pictures in which the 

underlying assumptions are violated may be too close or too far away from the theoretical 

maximum value. This is why the theoretical value here can only serve as a reference hint and 

cannot be considered to be a strict upper limit. The theoretical upper limit for the NAT 

condition is 7.93, for CBR 7.83, and for TCR 7.90. Each condition has a slightly different 

upper limit since we included the actual number of fixations made per subject and the mean 

value of actual fixations per bin. These values differ for each condition. See section 2.7.5 for 

more information on calculation of the upper limit and underlying assumptions.   

Moreover, we need the reference to chance level of fixation constancy. We calculated this 

chance level by randomly taking stimuli within one condition and calculating the fixation 

constancy for all subject pairs. The chance level for NAT condition is 1.314, the value for 

CBR condition is 1.232, and for TCR condition we calculated a chance level of 1.306. Figures 

3.12, 3.13, and 3.14 show the fixation constancy values for each picture in reference to the 

theoretical upper limit and the chance level of fixation constancy for all three conditions. 
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The mean of the fixation constancy is 2.645 with standard deviation 0.933 for the NAT, 2.128 

with standard deviation 0.756 for the CBR, and 2.731 with standard deviation 1.187 for the 

TCR condition. Our results show that there is a significant difference between mean values of 

the NAT and the CBR condition (Wilcoxon signed rank test, p < 0.001) and the TCR and the 

CBR condition (Wilcoxon signed rank test, p = 0.002). Both conditions, in which red-green 

color information is available to the viewer, show higher fixation constancy than the 

condition, which is missing this color information. In the NAT and TCR condition, which 

both contain this color information, mean fixation constancy does not differ significantly 

(Wilcoxon signed rank test, p = 0.347). Overall, in the CBR condition, in which red and green 
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color information is missing, participants show stronger differences in where they directed 

their gaze.  
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We looked at outliers of fixation constancy. Here we considered all stimuli that have fixation 

constancy values greater than two standard deviations above the mean or 1.5 standard 

deviations below the mean to be outliers. We find that pictures, which contain objects, which 

have a distinctive form from the background and are clearly visible even though red-green 

color information is missing, have more constant fixations than the rest. In these stimuli color 

information is accompanied with a prominent form of the object. When color information is 

inexistent, the noticeable form still attracts gaze. Figure 3.15 B shows the two outliers in 

which the combination of prominent color and form information is present.  

Stimuli in CBR condition in which constancy of fixations is very low, show objects that are 

only apparent through their red-green color information. When red-green information is 

missing, the objects are no longer clearly detectable and gaze positions vary noticeably over 

participants. Figure 3.15 A shows the strongest outliers of this kind. The form of the fruit is 

not silhouetted against the background. Objects are conspicuous in NAT condition due to 

their reddish color. When this reddish color is missing in CBR condition no salient object 

attracts overt attention. 

Outliers of fixation constancy in the negative direction for the NAT and TCR condition show 

either no fruit or other red objects or the objects are distributed over the entire photograph. 

Gaze positions show that participants looked at the red objects but since these are distributed 

over the stimulus no constant fixation pattern can be found between subjects. 

 

3.5 Correlation of color contrast and fixation constancy 

Our main hypothesis is that red-green color contrast attracts human overt visual attention 

while blue-yellow contrast does not. Until now, our results show that the fixation patterns in 

conditions with red-green color information are more similar than in CBR condition in which 

there is no red-green information present. From these results so far we cannot draw a 

conclusion on whether our data support our hypothesis. To answer this remaining question we 

looked at the correlation of red-green and blue-yellow contrasts and the corresponding 

fixation constancy values for our 40 stimuli. That is, we determined whether fixation 

constancy and color contrast influence each other. We calculated the color contrast from 

patches of 80 x 80 pixels around random sample points in our stimuli. These points are 

obtained by a basic Monte-Carlo sampling procedure (see section 2.7.7). In Figure 3.16 we 

show the results as a scatter plot. Neither for the red-green nor for the blue-yellow contrasts 

do we find any dependency of fixation constancies and color contrasts. The correlation 

coefficient for red-green contrast is r = -0.243 and for blue-yellow contrast r = -0.279. 
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We decided to apply another measure for a correlation between red-green contrast and 

fixation constancy over subjects. We did not use randomly chosen points but calculated the 

color contrasts in patches of the same size as before around the actual fixations of each 

subject. Figure 3.17 shows the result for blue-yellow contrast. As hypothesized no correlation 

can be found between blue-yellow contrast and fixation constancy values (correlation 

coefficient: r = -0.114). Blue-yellow information does not lead to high fixation constancies 

over subjects. 
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Our main interest, however, is a possible dependency of fixation constancy on red-green color 

contrast. This correlation would support our hypothesis that red-green information attracts 

overt attention and thus leads to high fixation constancy over subjects. Figure 3.18 shows the 

results. We do not find a strong correlation between red-green contrast values and fixation 

constancy (correlation coefficient: r = 0.178). However, there is a tendency that mean fixation 

constancy increases with increasing red-green contrast. When we consider some of the data 

points as outliers the tendency becomes clearly visible (correlation coefficient: r = 0.591).  
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The stimuli that produce outliers in Figure 3.18 are shown in Figure 3.19. For the two outliers 

that had high fixation constancy but only low red-green color contrast we find a brownish 

fruit that possibly attracts attention with its form rather than its color as noted before in Figure 

13.15. In the other stimulus the attracting location consists of slightly lighter and reddish 

foliage, which does not have high color contrast either. That is, even if the red-green color 

contrast is higher at the leaves than in the rest of the photograph, the color contrast is lower 

than in other stimuli and appears as an outlier.  

From the three stimuli that produce outliers in the way that they show low fixation constancy 

even though they have strong red-green color contrasts we show only two since picture 12 

and 13 are very similar. In picture 13 attention may be distracted from color by great 

differences in luminance. In this picture we find many shadowed as well as many lighted 

areas spread over the entire photograph. The other stimulus contains many branches, which 

are silhouetted against the background and form dominant edges. These features may distract 
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attention from the color of the fruit and may lead to low fixation constancy over subjects. In 

summary, we find that prominent features other than color distract subjects’ gaze from objects 

with high red-green contrast.  

From these results we cannot conclude that there is a dependency of fixation constancy on 

red-green color contrast, but taking all our results together, we at least can conclude that red-

green contrast contributes to stronger fixation constancy over subjects.  

 

 
 

3.6 Time course of fixations 

Until now we have considered the properties of fixations and where in our stimuli subjects 

fixated. To get an idea of how the properties of fixation points may change over time we 

looked at the time course of fixations (see section 2.7.8 for details). As in the other analyses 

we here as well considered the four different features saturation, luminance contrast, red-

green color contrast, and blue-yellow color contrast separately. We are interested in whether 
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the properties of features of the fixation patches defined around the fixation are stable or 

whether they change; and if they change, what the direction of change is. 

 

 
 

We find that there is a significant change of fixation properties over time in the NAT 

condition for saturation (one-way ANOVA, p = 0.035), for luminance contrast (one-way 

ANOVA, p < 0.001), and red-green color contrast (one-way ANOVA, p << 0.001). For the 

TCR condition we find significant differences in fixation properties for saturation (one-way 

ANOVA, p<< 0.001), luminance contrast (one-way ANOVA, p = 0.003), and red-green color 

contrast (one-way ANOVA, p<< 0.001). We do not find significant differences for blue-

yellow color contrast in the NAT (one-way ANOVA, p = 0.359) and the CBR condition (one-

way ANOVA, p = 0.958). Looking at the other features saturation (one-way ANOVA, p = 

0.820) and luminance contrast (one-way ANOVA, p = 0.955) in the CBR condition we do not 

find any significant differences either. For all conditions and features that show significant 
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differences in fixation properties over time we find negative slopes for the linear regression 

curves. The first fixations have higher saturation, luminance contrast, or red-green contrast 

values than the later attended locations. Figure 3.20 shows the time curves for the four 

features and three conditions.



The Influence of Chromatic Information on Human Overt Attention                                                       Discussion 

    46 

4 Discussion 
Our study focused on the influence of chromatic information on human overt attention. We 

used natural colored stimuli without man-made objects to investigate free viewing under 

almost natural conditions. Our analysis concentrated on fixation properties and location of 

fixations in our stimuli, that is, spatial distribution. We analyzed stimuli that produced outliers 

in great detail because we considered these outliers to be a good source to gain more 

sophisticated knowledge on how complex visual attention is. 

 

4.1 Bottom-up features 

Itti and Koch (2000) suggested that color is an early visual feature that guides human overt 

attention by bottom-up processes. Our result that difference from bisector is bigger for red-

green contrast than for blue-yellow contrast suggests that the red-green color contrast in 

natural stimuli of rain forest has a higher impact on guiding visual attention in free viewing 

tasks than has blue-yellow contrast. Even though blue-yellow contrast is present in our stimuli 

and even bigger than mean red-green contrast, this information is not used for guiding human 

overt attention. Small changes in red-green contrast attract attention but changes in blue-

yellow contrast show an attraction effect that is much weaker.   

The finding that red-green information is important to fixate an object but blue-yellow 

information is not supports the results by Párraga, Troscianko and Tolhurst (2002) that human 

beings use only red-green information for the detection of objects. Blue-yellow information 

may not contribute to saliency maps of natural stimuli in the same way as red-green 

information does. It may be possible that a modification of Itti’s and Koch’s (2000) 

computational model with a weaker influence of blue-yellow information could at least lead 

to some improvement of model data when comparing it to human data. The contribution of 

the two color channels may depend of the kind of stimuli presented. Perhaps the color of the 

most important objects in natural stimuli influences the degree of contribution of the two 

color channels. This possibility should be further investigated. 

Following the argumentation that red-green and blue-yellow information is processed in 

different neuronal pathways (Derrington, Krauskopf, & Lennie, 1984) it seems possible that 

only the red-green part of this information is a bottom-up feature that guides overt attention. 

With our results Frey’s (2004) conclusion that color is not salient for attracting overt attention 

in natural color images but is overwritten by top-down influences and the popular believe that 

color is an attention guiding early visual feature (Itti & Koch, 2000, Treisman & Gelade, 
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1982) seem too hasty. Rather, one should consider red-green and blue-yellow information 

separately.  

 

4.2 Independent processes 

For the red-green and blue-yellow color contrasts we find no significant difference between 

conditions measured in terms of distances from bisector. Our data suggest that the two color 

channels do not influence processing of color information in the other color channel. This 

means that the processing of red-green information is not altered by the existence or absence 

of blue and yellow hues in a stimulus. The same holds for the blue-yellow channel. Here 

present or not present red-green information does not influence processing of blue and yellow 

hues. We conclude that the two color channels are functionally independent. Our results 

support that humans process colors in independent color channels as claimed by Gegenfurtner 

and Kiper (2003) and Derrington, Krauskopf, and Lennie (1984). People more easily detect 

and attend fruit, which they can see in red. This indicates that red and green cones may have 

been developed for the detection of ripe fruit and young leaves as claimed by Dominy and 

Lucas (2001) and Gegenfurtner and Kiper (2003). 

We find no significant differences between values of luminance contrasts between conditions.  

This result agrees with the assumption of the DKL color space that variations along the 

luminance axis are processed independently from signals along the red-green and the blue-

yellow axis (Krauskopf, Williams & Helley, 1982; Derrington, Krauskopf & Lennie, 1984). 

Information from the two chromatic axes does not influence detection of luminance contrasts 

in a stimulus. The results as well support Nothdurft’s (2000) result that luminance is 

independent from other saliency mechanisms. Taking together these results we find that blue-

yellow, red-green, and luminance information do not influence each other. Our study provides 

further support that there exist three separate processing channels in the human visual system: 

the two color channels and an achromatic luminance channel.  

Frey (2004) found that luminance contrast values are significantly smaller at fixations in 

natural color stimuli than in gray-scale stimuli and in modified color stimuli. We do not find a 

difference in luminance contrast between color-modified and unmodified stimuli in our study. 

As our modification is not the same as the modification of Frey who rotated colors in his 

stimuli, we can only compare his condition with unmodified colored stimuli with our NAT 

condition directly. But we can surely say that luminance contrast at fixations is not generally 

influenced by stimuli with unnatural color information. The exact correlation of color 

information and luminance in natural stimuli needs to be investigated further.  
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4.3 Saturation and color contrast 

We find that when red-green information is present in a stimulus the difference between 

saturation at fixation locations and saturation at control locations is big. When blue-yellow 

information is present, however, the saturation difference between controls and fixations is 

small. When red-green information is available saturation is significantly higher at fixation 

locations than when red-green information is missing. These findings suggest clearly that for 

red-green information attention is the stronger guided the more brilliant, that is, the more 

saturated, the colors are. People are not noticeably more attracted from highly saturated bluish 

and yellowish colors than from lower saturated ones. A saturated red fruit attracts overt 

attention whereas a saturated green leaf does not attract more attention than a rather 

unsaturated one. 

 

4.4 Color and form 

The results of fixation constancy indicate that not only available color information is 

important in attracting attention but also whether the form of the object is silhouetted against 

the background. We find that apparent edges of objects attract subjects’ gaze and thus attract 

attention. The amount to which form and color contribute to the saliency of an object however 

has to be investigated in further studies. From our study we can only conclude that red-green 

color information is important in attracting gaze and that available red-green information 

makes fixations more stable over subjects, but that apparent object forms that are missing this 

color information can do so as well. Our detailed analysis of outliers emphasizes that one has 

to consider the different features of a stimulus together to understand guided attention 

processes. Only looking at color cannot account for how people select objects and where they 

look. These results are in agreement with the study by Dominy and Lucas (2001) who 

claimed that already the form of most fruit is sufficient and that red color information is not 

necessarily needed for detection.   

Distribution of fixation is more similar for conditions in which red-green color information is 

present. People’s attention is attracted more easily to the same places in a picture when this 

color information is available. Without red-green information they look around more 

aimlessly. However, as objects that are attended often have a dominant color and form further 

investigation should be done considering the amount which color and form contribute to 

attention. The integration of color and form is important for object recognition. Our results 

suggest that objects that are salient through form and color are looked at frequently. But as 

well both features, color and form, separately make an object salient and guide attention 
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towards it. We find that even though red green information is missing in a stimulus an object 

with a dominant form is looked at by the majority of participants. Moreover, objects that do 

not distinguish themselves by their form, but just by color such as red leaves among green 

leaves, as well attract overt attention.  

 

4.5 Fixation constancy and color contrast 

In our analysis of a correlation between fixation constancies and color contrasts with the 

Monte-Carlo sampling procedure we do not find any pattern for none of the two color 

contrasts. Taking in consideration that the mean contrasts were obtained from patches around 

random points we conclude that our analysis was not the correct choice to find this 

correlation. For the majority of our stimuli the main part of the photograph is just green 

foliage. At some points we find red fruit or leaves. When calculating the mean color contrasts 

with random points we involuntarily included many patches around data points that have very 

low red-green contrast values. These patches show only foliage and the points surrounding 

the chosen point have almost exactly the same color properties as the chosen point. A small 

red spot, which attracts gaze and yields high fixation constancy over subjects, does not lead to 

high red-green contrast for the entire stimulus because it covers only a very small part of the 

photograph. Due to the architecture of our stimuli as described a correlation between color 

contrasts and randomly chosen points on the stimuli is not suitable to determine the 

correctness or incorrectness of our hypothesis.  

When taking the color contrast values for actual fixation points we find a clear tendency that 

fixation constancy increases when red-green contrast increases. This correlation supports our 

former results and we can conclude that red-green color contrast of an image determines 

whether people look at the object. We find no correlation for blue-yellow contrast and 

fixation constancy. It seems that blue-yellow contrast does not contribute to overtly attending 

an object. 

 

4.6 Changes in fixation properties over time 

Our results for the time course of fixation properties clearly show differences between 

features and conditions. We do not find any change of properties for blue-yellow color 

contrast. The attention of the participants is not guided to spots where blue-yellow contrast is 

high in the first place and only later to locations that have a lower blue-yellow contrast. The 

mean blue-yellow contrast value is stable over all fixations in both conditions, which include 

blue-yellow information. This affirms our hypothesis that blue-yellow color information does 
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not guide attention. The luminance contrast and the saturation feature in the CBR conditions 

do not show any change of properties over time either. We conclude that in stimuli that are 

missing red-green color information humans are not attracted to specific spots but rather look 

around aimlessly. Since they have no pattern of gaze direction the mean fixation properties 

for all subjects over time do not change.  

In the NAT and the TCR condition we find significant changes of fixation properties over 

time for saturation, red-green color contrast, and luminance contrast. Objects with a high red-

green color contrast such as red fruit before a background of green leaves are attended first. 

With the theories of salience we conclude that red-green color contrast makes objects salient 

and, therefore, attracts attention. Only later less salient objects such as leaves are attended. 

These results agree with former studies, which suggested rather indirectly that only red and 

green contrasts guide attention (Dominy & Lucas, 2001, Párraga, Troscianko & Tolhurst, 

2002). Both studies emphasized that red objects are detected very fast in natural 

environments. However, they did not directly investigate the difference in the guidance of 

attention by the two color channels in free viewing. 

Saturation values and red-green contrast values change equally over time. This means that 

high saturation values and spots with a high red-green color contrast first attract people’s 

gaze. After they have looked at these locations they shift their attention to less eye-catching 

places. For luminance contrast the same pattern holds: People first look at places with a high 

contrast and only attend to location with more equally distributed luminance values 

afterwards. However, when only blue-yellow information is present in a stimulus luminance 

values at fixation locations do not change over time. The result that luminance contrast only 

attracts gaze in the first place when red-green color information is available and not when this 

information is missing contradicts our former conclusion that luminance and color 

information are independently processed from each other. However, it is possible that 

especially red objects have a high luminance contrast in our stimuli. Then the dropping slope 

of luminance contrast in the time course would not make any predictions about luminance 

contrast attracting gaze but would just be a by-product of the time course of red-green color 

contrast. Another possibility is that top-down influences guide people’s gaze to shiny red 

fruit. The two separate features red-green color contrast and luminance may then be linked by 

those top-down influences and appear to be dependent on each other. 
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4.7 Conclusions 

Taking together all results that we obtain for luminance contrast, we cannot draw concrete 

conclusions whether luminance really is an independently processed, bottom-up feature that 

attracts attention. We only can say that luminance values for fixations are insignificantly 

influenced by available color information, but that the presence of red-green information 

influences the time course of fixations for luminance contrast. 

In stimuli of rain forest blue-yellow information does not make an object salient. Time course 

for blue-yellow contrast does not show changes and fixation constancies are low when only 

blue-yellow information is available.  

Red-green information, on the other hand, is a salient, bottom-up feature that attracts people’s 

attention in stimuli of primeval forest. The stronger the saturation is the more salient is the 

red-green contrast of an object. 

Furthermore, we find that the three channels for color vision seem to be functionally 

independent from each other and that the interaction of color and form always has to be 

considered when looking at attention guiding features. 

 

4.8 Outlook 

As our set of stimuli only included four stimuli that had some shadows on the interesting 

areas for analysis (such as fruit and leaves) we could not analyze possible differences in overt 

attention for shadowed and lighted areas as did Párraga, Troscianko, and Tolhurst (2002). 

They found that the red-green channel is shadow invariant and, therefore, shadowed red fruit 

can be as easily detected as normally lighted ones. Activation in red-green channel does not 

change. In a further study one should analyze shadowed areas of red-green information to 

confirm or confute these results. 

We did our study with natural stimuli that did not contain any man-made objects. Thus we 

cannot say anything about the direct implications of color information for attention in our 

daily environment of man-made objects. However, it may be interesting to investigate 

whether our results still hold for these environments. And if so, this could be important 

knowledge for the design of traffic signs, web pages, advertising etc.  

In our study we did not investigate the possible influences of top-down information on free 

viewing. All participants were raised in an industrial society and had experience with 

artificial, man-made colored objects. The question arises whether gaze direction towards red 

objects is evolutionarily motivated as claim Dominy and Lucas (2001) to find nutritious food 

or whether the use of the color red for traffic lights, signs, advertisement etc. has primed us to 
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detect red colored objects faster than others. Even though this seems rather unlikely this 

possibility should be investigated.    

The stimuli used in the present study do not have an unnatural coloring for example that 

naturally green leaves are colored in blue. Rather they lack some part of natural coloring 

giving them a slightly unnatural appearance. A possible question is how far the expectation on 

color that we have for specific objects plays a role in guiding human attention. As in our 

study we did not rotate the colors of the DKL color space to investigate this question, it 

should be considered in a follow-up study.  
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6 Appendix 
6.1 Acknowledgements 

I would like to thank Hans-Peter Frey for his patient explanations and help with 

Matlab as well as for commenting the draft of this thesis. Furthermore, I want to thank 
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6.2 Subject information and declaration of consent 

Kerstin Wirz 
Arbeitsgruppe Neurobiopsychologie 
Universität Osnabrück 
Albrechtsraße 28 
49069 Osnabrück 
Tel.: 0541/9692251 
email: kwirz@uos.de 
 
 
Aufklärung / Einwilligung 
 
 
Sehr geehrte Teilnehmerin, sehr geehrter Teilnehmer, 
 
Sie haben sich freiwillig zur Teilnahme an dieser Studie gemeldet. Hier erhalten Sie 
nun einige Informationen zu Ihren Rechten und zum Ablauf des folgenden 
Experiments. Bitte lesen Sie sich die folgenden Abschnitte sorgfältig durch. 
 
1) Zweck der Studie 
Ziel dieser Studie ist es, neue Erkenntnisse über den Einfluss von Farbbildern auf die 
Wahrnehmung von natürlichen Bildern zu erhalten. 
 
2) Ablauf der Studie 
In dieser Studie werden Ihnen 120 Bilder auf einem Computermonitor gezeigt. Bitte 
sehen Sie sich die Bilder genau an  
Um Ihre Blickposition zu errechnen, wird Ihnen ein “Eye-Tracker” auf den Kopf 
geschnallt. Dieses Gerät erfasst die Position Ihres Auges mit Hilfe von kleinen 
Kameras und Infrarotsensoren. Dieses Verfahren ist ein psychometrisches 
Standardverfahren, das in dieser Art bereits vielfach angewandt und getestet wurde. 
Bei unseren bisherigen Erfahrungen und Experimenten mit dem Gerät ist keine 
Versuchsperson zu Schaden gekommen.  
Zu Beginn der Untersuchung muss der “Eye-Tracker” eingestellt werden, dieser 
Vorgang dauert etwa 10-20 Minuten. Das eigentliche Experiment dauert dann etwa 30 
Minuten. Der Versuchsleiter wird während des ganzen Experiments mit Ihnen im 
Versuchsraum sein und steht Ihnen für Fragen jederzeit zur Verfügung. Nach der 
Studie erhalten Sie weitere Informationen zum Sinn und Zweck dieser Untersuchung. 
Bitte geben Sie diese Informationen an niemanden weiter um die Objektiviät 
eventueller Versuchspersonen zu wahren. 
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3) Risiken und Nebenwirkungen 
Diese Studie ist nach derzeitigem Wissenstand des Versuchsleiters ungefährlich und 
für die Teilnehmer schmerzfrei. Durch Ihre Teilnahme an dieser Studie setzen Sie 
sich keinen besonderen Risiken aus und es sind keine Nebenwirkungen bekannt. Da 
diese Studie in ihrer Gesamtheit neu ist, kann das Auftreten von noch unbekannten 
Nebenwirkungen allerdings nicht ausgeschlossen werden. 
Wichtig: Bitte informieren Sie den Versuchsleiter umgehend, wenn Sie unter 
Krankheiten leiden oder sich derzeit in medizinischer Behandlung befinden. Teilen 
Sie dem Versuchsleiter bitte umgehend mit, falls Sie schon einmal einen epileptischen 
Anfall hatten. Bei Fragen hierzu wenden Sie sich bitte an den Versuchsleiter. 
 
4) Abbruch des Experiments 
Sie haben das Recht, diese Studie zu jedem Zeitpunkt und ohne Angabe einer 
Begründung abzubrechen. Ihre Teilnahme ist vollkommen freiwillig und ohne 
Verpflichtungen. Es entstehen Ihnen keine Nachteile durch einen Abbruch der 
Untersuchung.  
Während des Experimentes haben Sie einmal die Gelegenheit zu einer Pause, in 
dieser Zeit kann Ihnen auch der “Eye-Tracker” abgenommen werden. Auch falls Sie 
eine weitere Pause wünschen oder auf die Toilette müssen, ist dies jederzeit möglich. 
Sollten Sie zu irgendeinem Zeitpunkt während des Experiments Kopfschmerzen oder 
Unwohlsein anderer Art verspüren, dann informieren Sie bitte umgehend den 
Versuchsleiter. 
 
5) Vertraulichkeit 
Die Bestimmungen des Datenschutzes werden eingehalten. Personenbezogene Daten 
werden von uns nicht an Dritte weitergegeben. Die von Ihnen erfassten Daten werden 
von uns anonymisiert und nur in dieser Form weiterverarbeitet oder veröffentlicht. 
 
6) Einverständniserklärung 
Bitte bestätigen Sie durch Ihre Unterschrift die folgende Aussage: 
 
“Hiermit bestätige ich, dass ich durch den Versuchsleiter dieser Studie über die oben 
genannten Punkte aufgeklärt und informiert worden bin. Ich habe diese Erklärung 
gelesen und verstanden. Ich stimme jedem der Punkte zu. Ich ermächtige hiermit die 
von mir in dieser Untersuchung erworbenen Daten zu wissenschaftlichen Zwecken zu 
analysieren und in wissenschaftlichen Arbeiten anonymisiert zu veröffentlichen. 
Ich wurde über meine Rechte als Versuchsperson informiert und erkläre mich zu der 
freiwilligen Teilnahme an dieser Studie bereit.” 
 
 
 
 
………………………………………………………………. 
Ort, Datum     Unterschrift 
 
 
 
 
…………………………………………………………………. 
Bei Minderjährigen, Unterschrift des Erziehungsberechtigten 
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6.3 Subject debriefing after experiment 

 

Aufmerksamkeitsbeeinflussung durch Farben 
 

Jeder Farbton des für den Menschen sichtbaren Farbspektrums kann durch drei 
Achsen, nämlich die 'rot-grün'-Achse, die 'blau-gelb'-Achse und die Luminanzachse 
für Helligkeit genau bestimmt werden. Der Mensch hat drei verschiedene 
Zapfentypen in der Netzhaut, die auf unterschiedliche Wellenlängen des Lichts 
reagieren und somit für das Farbensehen unverzichtbar sind. Kurze Wellenlängen, die 
wir als bläulich wahrnehmen, erregen S-Zapfen, Wellen mittlerer Länge erregen M-
Zapfen und sorgen für einen grünen Farbeindruck, L-Zapfen werden durch lange 
Wellenlängen erregt, die einen roten Farbeindruck erzeugen. Gelb entsteht durch eine 
Erregung von L- und M-Zapfen zu gleiche Teilen.  
 
Aufgrund früherer Experimente vermuten wir, dass besonders der 'rot-grün' Kanal die 
Aufmerksamkeit beeinflusst. Evolutionär ist die Fähigkeit des rot-grün-Sehens 
wichtig für das Erkennen reifer Früchte und die Unterscheidung junger und alter 
Blätter.  
 
In diesem Experiment wollen wir die Beeinflussung von Aufmerksamkeit durch 
Farben untersuchen. Dazu messen wir mit einem Eyetracker die Fixationspunkte auf 
Bildern mit Naturszenen aus Uganda. Auf den Stimuli sind Blüten, Blätter und Gräser 
in überwiegend rot-grünen Farbgebungen zu sehen. Wir zeigen die unveränderten 
Originalbilder sowie diese Bilder jeweils ohne Farbeinflüsse der 'rot-grün'-Achse 
bzw. der 'blau-gelb'-Achse. 
 
Unsere Hypothese ist, dass nur die Bilder mit einer Veränderung der 'rot-grün'-Achse 
zu einer veränderten Fixation führen. Hier gibt es keine Variation in der Erregung der 
L- und M-Zapfen mehr, sondern die Summe beider bildet nur einen konstanten 
Beitrag zu den noch vorhandenen 'blau-gelb'-Tönen. Somit können keine rot-grün 
Unterschiede mehr wahrgenommen werden und die Aufmerksamkeit wird nicht auf 
ehemals rötlich wahrgenommene Objekte gelenkt. In weiterführenden Experimenten 
wird der Einfluss der Luminanz untersucht werden, den wir in diesem Experiment 
nicht untersuchen. 

 
 

Vielen Dank für Ihre Teilnahme an diesem Experiment. 



 

 

Eidesstattliche Erklärung 

 
Hiermit erkläre ich, Kerstin Tanja Simone Wirz, die vorliegende Studienarbeit “The 

Influence of Chromatic Information on Guiding Human Overt Attention” zur 

Erlangung des Bachelors of Science in Cognitive Science selbstständig verfasst und 

keine anderen Quellen und Hilfsmittel als die angegebenen verwendet zu haben. 

 

Osnabrück, den 29.08.2005 
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