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3.1. Abstract 

The present papers investigates whether the effects of visual salience on early 

oculomotor selection can be modulated by prior knowledge regarding  the 

identity and location of potential saccadic targets. In two experiments, 

participants were asked to make a saccade to a singleton target line (e.g. left 

tilted) that was presented with a singleton distractor line (tilted in the opposite 

direction) in a homogenous field of background lines. The salience of the target 

was either high or low relative to the salience of the distractor. The Stimulus 

Onset Asynchrony (SOA) between the singletons and the background elements 

was manipulated to in order to dissociate the availability of information 

concerning the identities of the singletons, the locations of the singletons, and 

the salience of the singletons. The singletons were either presented 

simultaneously with the background lines (Experiment 1 and 2), prior to the 

background lines (Experiment 1 and 2), or after the background lines 

(Experiment 2). The results indicate that when the singletons and background 

lines were presented asynchronously, the salience of the target relative to the 

distractor had a reduced effect on selection performance. This decrease in the 

effect of salience occurred regardless of whether the singletons were 

presented before or after the appearance of the background lines. The results 

suggest that the availability of information concerning the locations of 

potentially relevant objects makes oculomotor behavior less sensitive to 

relative differences in salience among those objects.   
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3.2. Introduction 

When visual information is salient it is more likely to attract the eyes. Items 

that are highly salient are very hard to ignore, particularly when responses are 

rapidly emitted. The current work aims to investigate how this strong-bodied 

effect of salience on early oculomotor selection depends on the availability of 

prior knowledge concerning the identities and locations of potential saccadic 

targets. 

Early effects of salience are robust and pronounced (N. C. Anderson et al., 

2015; Hickey, van Zoest, & Theeuwes, 2010; Hunt, von Muhlenen, & Kingstone, 

2007; Theeuwes, 2004; van Zoest et al., 2004). When observers search for an 

inconspicuous target in the presence of a salient distractor, performance is 

typically severely impaired. One example can be found in the work of Van 

Zoest et al. (2004). In one of their experiments, participants were asked to shift 

gaze to a target which was presented simultaneously with a distractor 

embedded in a large homogeneous grid of line segments. Only the target (e.g. 

a line rotated to the left) and the distractor (a line rotated in the opposite 

direction of the target) consisted of a distinct orientation. By varying the 

orientation contrast of the target and distractor relative to the background 

lines, either the target or distractor was the most salient item. The results 

showed that oculomotor selection performance was impaired when the 

distractor was more salient than the target. For the fastest responses, the 

mean percentage of correct responses even dropped below 50%.  The findings 

strongly indicate that salience is the determining factor in early oculomotor 

selection. 

Although there are many studies indicating that salience has a clear influence 

on oculomotor selection behavior, as does the work of Van Zoest et al. (2004), 

the results also usually show that salience effects are severely time-limited. 

Salience effects predominantly occur immediately after the onset of a visual 

scene and merely for initial short-latency saccades3  (e.g., Donk & van Zoest, 

                                                           
3
 Multiple studies exploring the relationship between salience and eye movements in 

natural scenes (e.g., Itti & Baldi, 2005; Parkhurst et al., 2002; Peters, Iyer, Itti, & Koch, 

2005) show a correlation between salience and fixation probability, suggesting that 

salience may affect selection behavior well beyond a first eye movement. However, 

the results of these studies do not necessarily point to a causal relationship between 

salience and overt visual selection and may be due to the fact that salience tends to 
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2008; Goschy, Koch, Muller, & Zehetleitner, 2014; Hunt et al., 2007; van Zoest 

et al., 2004). This implies that the role of salience in oculomotor selection 

behavior is less pronounced and less continuous as  commonly has been 

assumed, for instance in models that assume that selection completely 

depends the saliency of objects in the scene (Fecteau & Munoz, 2006; Findlay 

& Walker, 1999; Itti & Koch, 2001; Wolfe, 1994). Recently an alternative view 

has been proposed. Rather than  taking salience as a sustained property 

affecting visual selection continuously, the effects of salience are emergent, 

reflecting the differential speeds with which individual parts of the visual 

environment are made available for visual selection (de Vries, Hooge, Wiering, 

& Verstraten, 2011; Donk & Soesman, 2010, 2011; Siebold, van Zoest, Meeter, 

& Donk, 2013). Objects that are more salient than others do not lead to higher 

activation levels in a priority or salience map, but instead lead to activation at 

an earlier point in time (Donk & Soesman, 2010). The priority map contains 

information concerning the locations of distinct objects, without information 

concerning the distinctiveness of those objects. Therefore, as time progresses, 

salient and less salient objects rapidly become indistinguishable in terms of 

activity levels. Salience in this sense subserves the role of object segregation, 

i.e., the division of the visual world into objects or ‘pre-identified proto-

objects’, which subsequently serve as targets for goal-driven selection (see also 

Henderson, Brockmole, Castelhano, & Mack, 2007; Henderson et al., 2009; 

Lester, Hecht, & Vecera, 2009). Although this view implies that the 

contribution of salience in oculomotor selection behavior is important, it only 

play a role in early oculomotor selection processes. Salience may have a 

biasing influence enhancing the probability of selecting one object over 

another, but merely in the first few hundred milliseconds after the 

presentation of a display.  

A question that may arise based on the time-limited role of salience is whether 

a change of the salience levels in a scene might lead to a reinstatement of 

salience effects. Silvis and Donk (2014) recently conducted a series of search 

task experiments in which participants were exposed to saccade-contingent 

changes in the search items. The displays contained multiple vertically oriented 

                                                                                                                                              
covary with several factors including the locations in a display (e.g., Tatler, 2007) and 

the presence of objects which may in turn affect goal-driven selection mechanisms 

(Einhauser et al., 2008; Nuthmann & Henderson, 2010). 



CHAPTER 3 

69 

 

background lines, a target singleton (a left-tilted line presented at either side 

of the display), a distractor singleton (a right-tilted line presented at the 

opposite side of the display relative the target), and two fixation dots (one at 

the top and one at bottom of the vertical midline of the display). The task was 

to make a first saccade from one fixation dot to the other, followed by a 

second saccade towards the target. During the execution of the first saccade, a 

time period in which observers were functionally blind, the salience level of 

either the target or the distractor was increased, decreased, or unaltered. 

Importantly, the task was designed such that the final search display, the one 

in which the second saccade was performed, was the same across the 

conditions: always one of the singletons, either the target or the distractor, 

consisted of the single highest salience level. The results consistently showed 

that salience effects were reinstated, but only when the salience level of an 

element increased, i.e. when it became the most salient element in the display. 

When the salience level of one of the singletons decreased, so when one of 

two highly salient singletons suddenly became less salient, selection behavior 

was unaffected. On the basis of these results it was concluded that salience 

can only bias oculomotor selection behavior after a local salience 

enhancement. 

The findings of Silvis and Donk (2014) can be considered to represent evidence 

for the notion that salience is represented as an emergent property rather 

than a continuous one. Oculomotor selection behavior appears unaffected by 

changes in the relative salience between objects: the decrease in the salience 

of a singleton did not affect selection behavior despite the fact that the 

decrease induced a major change in the relative difference in salience between 

the two singletons. An explanation for the finding that only a salience increase 

and not a decrease affects selection can be explained by assuming that 

participants perceive an increase in salience as the appearance of a new object 

in the scene. In Silvis and Donk (2014), the enhancement in salience was very 

large, as it made the changed singleton far more distinct, far more salient, than 

any other of items in the scene. This may have triggered reconsideration new 

episode of an object-background segregation of the scene. Consequently, for a 

brief period of time, participants may have perceived the scene as only 

containing one object, the changed object which was far more salient than the 

rest of the scene. Therefore only this object could initially be selected. 

However, the observations of Silvis and Donk (2014) can also be explained 
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based on a more continuous influence of salience. One might claim that the 

time interval between the onset of the search display and the initiation of the 

second saccade was long enough for goal-driven mechanisms to have gained 

control. Salience-driven influences were simply dominated by goal-driven 

influences. Only when the salience level of an object was suddenly increased to 

a relatively extreme extent, the salience-driven effect may have resurfaces 

overshadowing top-down effects.  

The aim of the present study was to investigate how the impact of a change in 

salience depends on the early availability of object location or identity 

information. In Experiment 1 observers were presented with two isolated 

salient line segments, the target and distractor, followed after a variable SOA 

by the presentation of a grid of homogenously oriented background lines. Even 

though target and distractor were equally salient when presented in isolation, 

they were not in the presence of the background lines: dependent on the 

orientation of the background lines either the target or the distractor was 

more salient. If, on the one hand, salience is a continuous factor in oculomotor 

selection, it is predicted that a change in salience loses its impact on selection 

depending on the interval between the onset of the singletons and the onset 

of the salience change. For a short interval, most of the oculomotor responses 

should be driven by the relative salience of the singletons, whereas for 

increasingly longer intervals, the effect of (the changed) salience should 

gradually reduce because of a grown influence of goal-driven mechanisms. On 

the other hand, if salience effects are contingent upon the speed of detecting 

proto-objects in a scene, salience effects are immediately lost when the 

singletons are presented before the background. Since the singletons are both 

detected equally fast, there should be no preference to select one singleton 

over the other, regardless of the salience difference between the singletons 

that may be elicited shortly after.   

 

3.3. Experiment 1 

Participants were asked to make a single eye movement to a target line (e.g., 

left-tilted) that was presented simultaneously with a distractor line (e.g., right-

tilted). Target and distractor were either presented prior to or simultaneously 

with a homogenous field of background lines. The Stimulus Onset Asynchrony 
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(SOA) between the target and distractor lines and the background lines was 

varied in five distinct conditions: -400 ms, -200 ms, -100 ms, -30 ms, and 0 ms. 

The tilt of background lines could either be more similar to that of the 

distractor or the target, respectively determining whether the target or 

distractor was most salient.  

 

3.3.1. Method 

3.3.1.1. Participants 

Sixteen paid volunteers (10 female; 6 male) between the 20 and 35 years of 

age participated in the experiment which was conducted at the Vrije 

Universiteit Amsterdam. All participants reported to have normal or corrected-

to-normal vision. The experiment was conducted in accordance with the 

guidelines of the Helsinki Declaration. 

3.3.1.2. Apparatus 

The experiment was conducted in a sound-isolated and dimly lit room. 

Participants were asked to position their head on a chinrest at a distance of 75 

cm from a 21-inch Samsung Syncmaster display (100 Hz) with a resolution of 

1680 x 1050 pixels. The computer had an Intel Core 2 Duo (3 Ghz) processor 

and a NVIDEA GeForce 210 video card. The task was programmed using the 

experiment-builder software OpenSesame (Mathot, Schreij, & Theeuwes, 

2012). Monocular movements were recorded with an Eyelink 1000 (Desktop 

Mount model, infra-red video-based, SR Research Ltd., Canada), with a 

resolution of 1000 Hz (temporal) and 0.01˚ RMS (spatial). The eye tracker was 

placed at a distance of approximately 65 cm from the chinrest and contained 

an eye illuminator. It classified eye movements surpassing a 35°/s velocity or a 

9500°/s² acceleration as saccadic movements. Manual responses were given 

through a QWERTY keyboard. 

3.3.1.3. Stimuli, Design and Procedure 

After giving informed consent, participants received written instructions about 

the task and stimuli.  Thereafter the eye tracker was calibrated and the 

practice session commenced. The practice session consisted of 10 trials. 



THE GLOBAL EFFECT BEYOND THE FIRST SACCADE 

72 

 

However, when less than 5 trials resulted in a correct target-directed eye 

movement, the practice had to be taken again. Throughout the experiment, 

each trial started with a drift correction procedure: participants had to press a 

spacebar while they were fixating a central cross on the screen.  

Immediately following a successful drift correction, participants were 

presented with a central fixation dot. This fixation point was shown for a 

variable duration between 250-700 ms and disappeared with the appearance 

of the first stimulus display (see Figure 3.1). The first stimulus display always 

contained the two singletons. Its presentation duration was determined by 

stimulus onset asynchrony (SOA), the independent variable consisting of five 

levels: -400 ms, -200 ms, -100 ms, -30 ms, and 0 ms. This presentation of the 

first stimulus display was followed by the presentation of the singletons 

together with the background lines. This presentation ended 250 ms after 

participants had initiated their first oculomotor response. When the first eye 

movement was already made during the first stimulus presentation, the 

second stimulus display consisting of the additional background lines was still 

presented for 250 ms. The interval between the start of the trial (end of the 

drift correction) and the onset of the second stimulus display was held 

approximately constant by adjusting the duration of the initial fixation display 

to the duration of the first stimulus display so to maximize the potential 

influence of the eventual salience difference between the singletons as elicited 

by the background lines (see Figure 3.1).  
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Figure 3.1 An overview of all conditions and the associated display 

presentation durations. The duration of the initial fixation display was 

determined by the sum of a random value between 250 and 300 ms and a 

value (either 0, 200, 300, 370, or 400 ms) dependent upon the presentation 

duration of the first stimulus display. The duration of the initial fixation display 

was adjusted to the duration of the first singleton display such that the onset 

of the background lines relative to the start of a trial was similar across all SOA 

conditions.  

 

More specifically, the second stimulus display consisted of a grid of 29 by 25 

line segments. All lines had a length of 0.40° and a width of 0.06°. They were all 

white (16.5 cd/m2) and were presented on a dark grey background (3.53 

cd/m2), spaced 0.42° apart from one another. The two singleton lines, the 

target and the distractor, were presented at 4.21° from the fixation point, at 

two of the six possible positions (equally likely to be selected) that were in line 

with the rest of the grid. For all trials, the positions and identities of the 

singletons in the first stimulus display were equal to the positions of the 

singletons of the second stimulus display.  

The second independent variable was target salience: the salience of the target 

singleton relative to the distractor singleton. The salience of a singleton line 

+ 0 ms  400 ms  250 ms un!l a"er ini!a!on of 

the first saccade  

(250, 300) ms + 400 ms  

+ 200 ms  

+ 300 ms  

+ 370 ms  

+ 400 ms  

200 ms  

100 ms  

30 ms  

0 ms  

(250, 300) ms 

Fixa!on dot First S!mulus Display Second S!mulus Display 
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was controlled by its orientation contrast relative to the background lines. The 

target and distractor were tilted by 45° in opposite directions (relative to a 

perfectly vertical axis). Half of the participants searched for a target tilted 

rightward (clockwise) and half searched for a target tilted leftward (anti-

clockwise). The background lines were all rotated by 11°, half of the trials 

leftward and half the trials rightward, which altered randomly on a trial by trial 

bases. The tilt direction of the background lines determined whether the target 

or distractor was the most salient singleton. When the background lines were 

tilted in the same direction as the target, e.g. both leftwards, the target was 

less salient (contrasts 34° with the background) than the distractor (contrast of 

56°) whereas when the background lines were tilted in the opposite direction, 

the target was more salient than the distractor. This way, two target salience 

conditions emerged (high and low) from the two directions in which the 

background lines could be orientated. The factors SOA (-400, -200, -100, -30, 0) 

and target salience (high, low) combined lead to a 5x2 within-subject design. 

Accuracy was measured as the proportion of first eye movements that was 

aimed at the target (landing in a 1.5° area around it) rather than the distractor. 

Saccadic latency was calculated as the duration between the onset of the first 

stimulus display and the initiation of the first saccadic eye movement.  When a 

saccade was initiated before the onset of the singletons (with an amplitude of 

1.5° or more), or when the first saccade was aimed at a position too distanced 

from the position of one of the singletons, a beep tone was sounded (250 ms) 

as feedback. These trials were excluded from further analyses. Additionally, 

between blocks of trials a feedback screen appeared showing the average 

saccadic latency of the participant in that particular block, a screen that 

disappeared with a button press. Each block consisted of 60 trials. There was a 

total of 10 blocks (excluding the practice block(s)), which made the experiment 

take approximately 45 minutes per participant. After finishing the experiment, 

participants were debriefed about the intentions of the study. 

 

3.3.2. Analyses 

Trials were excluded from the analyses when saccades were initiated before 

the onset of the singletons (1.1%) and when the first saccade did not land in an 
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area of 1.5° around either the target or distractor line (11.6%). On average this 

left 87.3% of valid trials per participant.     

Besides SOA (-400, -200, -100, -30, 0) and target salience (high, low) as factors, 

we additionally aimed to analyze the salience effects over time. For this we 

binned the data separately per onset timing condition and separately per 

participant in three equal groups by rank ordering the saccadic latencies and 

taking the 33.3 and 66.6 percentiles as bin boundaries.      

 

3.3.3. Results 

A repeated-measures ANOVA was performed on the individual proportions 

correct responses with SOA (-400, -200, -100, -30, 0), target salience (high, 

low), and latency bin (1-3) as within-subject factors. The results show a main 

effect of SOA, F (4, 60) = 14.287, p < .001, ��
� = .488, a main effect of target 

salience F (1, 15) = 9.072, p < .01, ��
� = .377, and a main effect of latency bin F 

(2, 30) = 18.344, p < .001, ��
� = .550. There is a significant SOA x target salience 

interaction, F (4, 60) = 5.779, p < .008, ��
� = .278, no SOA x latency bin 

interaction, F (8, 120) = .685, p > .25, and a significant target salience x latency 

bin interaction. F (2, 30) = 11.818, p < .001, ��
� = .441. Finally, there is a 

significant SOA x target salience x latency bin interaction, F (8, 112) = 2.489, p < 

.05, ��
� = .142. The 0 ms condition appears to be distinct from the rest of the 

conditions, since only in the 0 condition of SOA, the effect of target salience 

appears strong (see Figure 3.2). Indeed, the 0 condition has a stronger effect of 

target salience than the -30 ms condition, F (1, 15) = 12.750, p < .005, ��
� = 

.460, whereas there is no difference in the strength of the salience effect 

between the -30 ms and -100 ms condition, F (1, 15) = .416, p > .25, and no 

difference between the -100 and -200 conditions, F (1, 15) = .786, p > .25. 

There was a significant difference in the strength of the salience effect 

between the -200 ms and -400 ms conditions, F (1, 15) = 7.446, p = .016, ��
� = 

.332.    
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Figure 3.2 The proportion of first eye movements that were correctly aimed at 

the target rather than the distractor. Panels A - E show the proportion of 

correct saccades per latency bin for each SOA condition separately. Panel F 

shows the proportion of correct saccades in the high and low target salience 

conditions separately for each of the SOA conditions. The error bars reflect the 

within-subject 95% confidence interval of the means calculated and corrected 

separately per data point (Cousineau, 2005; Morey, 2008). 

   

 

Examining the SOA conditions using separate ANOVAs with target salience and 

latency bin as factors, all conditions show a significant main effect of target 

salience (all F > 6.9 and all p < .05), except for conditions -400 ms and -30 ms, 

respectively F (1, 15) = 1.324, p > .25 and F (1, 15) = 0.470, p > .25. 

Furthermore, all SOA conditions show a main effect of latency bin (all F > 4.70 

and p < .05), and all show a target salience x latency bin interaction (all F > 3.7 

and p < .05), except for conditions -400 ms and -200 ms, respectively F (2, 30) = 

.739, p > .25 and F (2, 30) = 2.584, p = .090.   

A repeated-measures ANOVA was performed on the individual average 

saccadic latencies with the factors SOA (-400, -200, -100, -30, 0) and target 

salience (high, low). The results show a main effect of SOA, F (4, 60) = 34.041, p 

< .001, ��
� = .694, and no effect of target salience, F (1, 15) = 3.127, p = .097. 

There was no SOA x target salience interaction, F (4, 60) = .067, p > .25. Further 
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examining the main effect of SOA reveals that saccadic latencies increase when 

the singletons are presented earlier in time (see Figure 3.3). Rank ordering SOA 

conditions from -400 ms to 0 ms, and repeatedly testing the difference 

between two neighboring conditions shows that all conditions lead to different 

saccadic latencies (all F > 6.5 and p < .05) except for a difference between 

conditions -30 ms and 0 ms, F (1, 15) = 0.003, p > .25. 

 

Figure 3.3 The mean saccadic latency per target salience and per SOA 

condition. The error bars reflect the within-subject 95% confidence interval of 

the means calculated and corrected separately per data point (Cousineau, 

2005; Morey, 2008).    

 

3.3.4. Discussion 

The results indicate that salience-driven effects are weaker when the 

singletons are presented prior to the background elements rather than 

simultaneously with the background elements. The background elements 

evoked a difference between the salience level of the target relative to the 

distractor, but if the singletons were presented before the background 

elements, this salience difference had little if any effect on oculomotor 

behavior. Importantly, salience did not gradually lose influence over 

increasingly larger SOAs. The reduction of the influence of salience was an 

abrupt consequence of presenting the singletons before the onset of the 

background lines. The results are thus in favor of the view that salience-driven 

effects are caused by the speed with which proto-objects are detected, and not 

by a continuous salience-driven signal that is down regulated by goal-driven 

mechanisms. 
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However, the results of Experiment 1 alone are not sufficient to entirely rule 

out an involvement of goal-driven mechanisms. Perhaps the presentation of 

the singletons in isolation facilitated the identification of the singletons. 

Therefore, there might have been sufficient time, possibly even in the case of 

the -30 ms SOA condition, for goal-driven mechanisms to have gained full 

control. In order to examine whether the availability of identity information or 

location information was the determining factor behind the reduced effects of 

salience on oculomotor selection, we performed a second experiment in which 

the singletons could also appear after the onset of the background lines, rather 

than before. If the relative salience difference between the singletons affects 

selection behavior when the singletons appear later in time, it is the identity 

information rather than the location information that prevents salience-driven 

effects from occurring. On the contrary, if selection behavior is unaffected by 

the relative salience difference between the singletons when the singletons 

appear later in time, the prior availability of location information rather than 

identity information reduces the influence of salience on oculomotor selection.  

 

3.4. Experiment 2 

Experiment 2 was similar to Experiment 1 except that we used different SOAs 

including conditions in which the singletons were presented after the 

background lines. There were five SOA conditions in which the onset between 

the singletons and the background lines was varied: -100 ms, -30 ms, 0 ms, 30 

ms, 100 ms. 

 

3.4.1. Method 

3.4.1.1. Participants 

Sixteen paid volunteers (8 female; 8 male) between 20 and 30 years of age 

participated in the experiment which was conducted at the Vrije Universiteit 

Amsterdam. All participants reported to have normal or corrected-to-normal 

vision. The experiment was conducted in accordance with the guidelines of the 

Helsinki Declaration. 
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3.4.1.2. Stimuli, Design and Procedure 

All details were equal to Experiment 1, except for two SOA conditions. The 

conditions in which the singletons appeared 200 and 400 ms before the 

background lines were replaced with conditions in which the singletons 

appeared 30 and 100 ms after the onset of the background lines (SOA 

therefore comprised of the conditions: -100 ms, -30 ms, 0 ms, 30 ms, 100 ms). 

As a consequence of presenting the background first, the background yielded 

two open spaces where the singletons were about to appear. These open 

spaces in the grid are salient as those locations diverge from the line pattern of 

the background elements.  

 

3.4.2. Results 

Trials were excluded from the analyses when saccades were initiated before 

the onset of the singletons (1.1%) and when the first saccade did not land in an 

area of 1.5° around either the target or distractor line (14.7%). On average this 

left 84.2% of the trials per participant.     

A repeated-measures ANOVA was performed on the individual proportions 

correct responses with SOA (-100, -30, 0, 30, 100), target salience (high, low), 

and latency bin (1-3) as within-subject factors. The results show a main effect 

of SOA, F (4, 60) = 6.415, p < .001, ��
� = .300, a main effect of target salience, F 

(1, 15) = 26.198, p < .001, ��
� = .636, and a main effect of latency bin, F (2, 30) = 

34.744, p < .001, ��
� = .698. There is a significant SOA x target salience 

interaction, F (4, 60) = 14.864, p < .001, ��
� = .498, no SOA x latency bin 

interaction, F (8, 120) = .531, p > .25, and a significant target salience x latency 

bin interaction. F (2, 30) = 29.551, p < .001, ��
� = .663. Finally, there is a 

significant SOA x target salience x latency bin interaction, F (8, 120) = 4.859, p < 

.001, ��
� = .245. Only in the 0 ms condition the effect of target salience appears 

strong (see Figure 3.4). Indeed, the effect of target salience is stronger in the 0 

ms than in the 30 ms condition of SOA, F (1, 15) = 43.285, p < .001, ��
� = .743, 

as well as stronger than in the 100 ms condition, F (1, 15) = 24.403, p < .001, ��
� 

= .619. Furthermore, the effect of target salience is equally strong in the -100 

ms condition as in the 100 ms condition, F (1, 15) = 1.969, p = .18. Similarly, 

also the -30 ms and 30 ms SOA conditions do not differ from one another 



THE GLOBAL EFFECT BEYOND THE FIRST SACCADE 

80 

 

regarding the effect of target salience, F (1, 15) = .338, p > .25. Taken together, 

in all SOA conditions the effect of target salience is weaker than in the 0 

condition. There was also no difference in the salience effect between a 

positive and negative SOA, so the effect of the relative salience of the target 

was not overruled by the early availability of target information. 

 

Figure 3.4 The proportion of first eye movements that were correctly aimed at 

the target rather than the distractor object. Panels A - E show the proportions 

correct per latency bin for each SOA condition separately. Panel F shows the 

proportion correct of the high and low target salience conditions separately for 

the onset timing conditions. The error bars reflect the within-subject 95% 

confidence interval of the means calculated and corrected separately per data 

point (Cousineau, 2005; Morey, 2008).   

 

 

Examining the SOA conditions using separate ANOVAs with target salience and 

latency bin as factors, all conditions show a significant main effect of target 

salience (all F > 5.9 and all p < .05), except for the 100 ms condition, F (1, 15) = 

4.449, p = .051. In addition, all conditions show a main effect of latency bin (all 

F > 10.9 and p < .001), and all show a target salience x latency bin interaction 

(all F > 4.3 and p < .05) except for the 100 ms condition, F (2, 30) = 1.240, p > 

.25.   
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A repeated-measures ANOVA was performed on the individual average 

saccadic latencies with the factors SOA (-100, -30, 0, 30, 100) and target 

salience (high, low). The results show a main effect of SOA, F (4, 60) = 35.779, p 

< .001, ��
� = .705, and no effect of target salience, F (1, 15) = 0.17, p > .25. 

There was no SOA x target salience interaction, F (4, 60) = .898, p > .25. Further 

examining the main effect of SOA reveals that saccadic latencies increase when 

the singletons are presented earlier in time (see Figure 3.5). Rank ordering the 

SOA conditions from 100 ms to -100 ms, and repeatedly testing the difference 

between two neighboring conditions shows that all conditions lead to different 

saccadic latencies (all F > 13.7 and p < .005) except for a difference between 

conditions 30 ms and 0 ms, F (1, 15) = 1.418, p >.25. 

 

Figure 3.5 The mean saccadic latency per target salience and per SOA 

condition. The error bars reflect the within-subject 95% confidence interval of 

the means calculated and corrected separately per data point (Cousineau, 

2005; Morey, 2008).    

 

3.4.3. Discussion 

Similar to Experiment 1, the effect of salience is smaller when the singletons 

are not presented simultaneously with the background stimuli. Importantly, a 

reduced salience effect is observed regardless of whether the singletons or 

background stimuli are presented first. This result implies that the strength of 

salience-driven effects on oculomotor selection is determined by the 

availability of object location information and is unrelated to the availability of 

(target) identity information.  
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3.5. General Discussion 

The role of salience in oculomotor selection is critically dependent on the onset 

synchrony of the stimuli. When the target and distractor singletons are 

presented before the onset of the background elements (Experiment 1 and 2), 

or when the singletons are presented after the onset of the background 

elements (Experiment 2), the relative salience of the target and distractor (as 

determined by the background elements) has an reduced effect on oculomotor 

selection performance. The strength of salience-driven influence did not 

gradually deteriorate over increasing SOAs. Rather, the reduction in strength 

was immediate, already at an interval of 30 ms between the onset of the 

singletons and the background elements. This observation indicates that 

salience effects are reduced as soon as observers obtained knowledge 

concerning the locations of distinct objects.  

The influence of salience did not disappear completely in some of the SOA 

conditions (both in Experiment 1 and 2). There are two possible explanations. 

First, in a small portion of the trials, participants might have missed the 

preview. A brief lack of focus or engagement of the participant, or a simple 

blink of the eyes at the very moment the singletons or the background 

appeared could have confined the detection of the proto-objects. The chance 

of this to occur could have increased due to the variable interval between the 

start of the trial and the onset of the first stimulus display. Second, a small bias 

caused by salience may just always remain. This explanation may only seem 

congruent with the view that salience has a continuous influence on selection, 

but perhaps in a number of trials, participants reanalyzed the locations of the 

singletons after the drastic change in the display (after the singletons or 

background elements were added to the scene), causing the reemergence of 

salience-driven effects.  

Furthermore, an important aspect of the results was the absence of a 

difference in the salience effect between presenting the singletons before and 

presenting the singletons after the appearance of the background elements 

(Experiment 2). To an equal extent salience-driven effects were observed to be 

reduced. This suggests that the strength of the influence of salience on 

oculomotor selection does not depend on the availability of (target) identity 

information. The interpretation that goal-driven mechanisms down regulate a 
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continuous influence of salience is not plausible, because if so, one would 

expect salience to affect performance most profoundly when identity 

information is unavailable. This is not the case in the current observations. The 

interpretation that does hold is that salience effects are contingent upon the 

speed of detecting object presence in a scene (de Vries et al., 2011; Donk & 

Soesman, 2010, 2011; Donk & van Zoest, 2008; Siebold et al., 2013). The 

system may utilize salience as a means to segregate objects from the 

background. An object that is more salient than others causes an activation at 

an earlier point in time (Donk & Soesman, 2010), rather than a continuously 

activation level that is higher than other objects in a priority map or salience 

map. Indeed, the results suggest that once the locations of distinct regions are 

processed, oculomotor selection is insensitive to relative differences in salience 

between objects at those locations.  

This view on the current results could offer an explanation as to why salience 

has little to no influence on oculomotor behavior beyond the first eye 

movement (N. C. Anderson et al., 2015; Brockmole & Henderson, 2005, 2008; 

Henderson et al., 1999; Matsukura et al., 2009; Siebold & Donk, 2014; Siebold 

et al., 2011). Every time gaze is reallocated, the input to the retina is drastically 

changed, so to prevent that the visual system needs to reanalyze all the 

information again, the system may hold on to (salience-based) spatiotopic 

representations of potentially relevant locations, representations that are held 

constant across eye movements such to enable more controlled oculomotor 

behavior. Salience might thereby still serve an important function even beyond 

the first eye movement (Donk & Soesman, 2010, 2011; Siebold & Donk, 2014; 

Silvis & Donk, 2014; Zhaoping, 2008). This idea is supported by work of 

Zhaoping (2008). In an experimental task participants were asked to search for 

a moderately salient target line that was concealed in a display filled with a 

large number of background lines that individually carried slight variations in 

salience. Participants had to report the presence of the target manually. In a 

proportion of the trials, the target and the background lines were displayed 

briefly. A mask would then cover all items such that the target could no longer 

be identified, and the relative salience differences that existed among the 

different items would be removed. The results indicated that there was an 

increased probability to shift gaze to the target and report its presence 

correctly even after the search items had been masked. Remarkably, the target 

was occasionally selected only after two or three saccadic eye movements. 
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This finding suggests that salience information, the only information that could 

have been obtained prior to the onset of the mask, was exploited to maintain 

the locations that potentially contained the target. Apparently, the oculomotor 

system is not merely interested in the single most salient item alone. The 

system processes and stores the locations of multiple salient objects. Possibly 

one object is detected earlier in time than another, if there exists a salience 

difference between the two. This would cause an early bias in selection 

behavior, but eventually when all objects are detected, multiple objects may 

be equally prioritized. Thereby all salient locations remain easy targets for the 

oculomotor system, despite any retinal input changes caused by intervening 

eye movements, and despite the high information density that a visual scene 

may yield. Salience may change from an attribute that drives gaze to a single 

object to an attribute that facilitates behavior to be directed toward  the 

positions of multiple potentially relevant objects.   

 

 


