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Introduction 

Greene, Brown and Dauphin (2014) 

found that during visual search, fixation dura-

tions preceding upward eye movements were 

briefer than fixation durations preceding down-

ward eye movements. This vertical visual field 

asymmetry in pre-saccadic fixation durations 

(PSFDs) is similar to the vertical asymmetry re-

ported for saccadic reaction times (SRTs) where 

SRTs are faster towards upper visual field 

(UpVF) than lower visual field( LoVF) targets 

when observers are instructed to make a single 

saccade as quickly as possible from a fixation 

point to a peripheral target (e.g., Tzelepi, Laska-

ris, Amditis, & Kapoula, 2010; see also Greene 

et al., 2014 for a review).  It should be noted that 

SRTs which are typically influenced by salient 

cues, are not equivalent to fixation durations, 

which are heavily influenced by various task de-

mands and endogenous processing (e.g., Hender-

son, Brockemole, Castelhano, & Mack, 2007).  

 The vertical visual field asymmetry find-

ings of Greene et al. (2014) suggest that PSFDs 

and SRTs behave in a manner that is functionally 

similar with respect to saccade direction.  

Whereas PSFDs are fixation durations before 

saccades are executed in a given direction (i.e., 

how long the eyes stay before moving in some 

direction), post saccadic fixation durations 

(PoSFDs) are fixation durations after saccades 

land from being executed in a given direction 

(i.e., how long the eyes stay depending on 

whence they came).  Obviously, PSFDs and 

PoSFDs are not independent of each other in a 

multi-fixation visual search task.  The same 

PoSFD after a saccade has been executed in a 

particular direction serves as the PSFD for the 
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ensuing saccade in the upcoming direction. De-

spite the lack of independence between PSFDs 

and PoSFDs, the functional similarity between 

SRTs and PSFDs suggest that PSFDs may pri-

marily reflect competition between (peripheral) 

saccade preparation and (foveal) fixation stabili-

zation mechanisms, as has been suggested for 

SRTs (e.g., Munoz & Fecteau, 2002).  Fixation 

stabilization would have to include the interac-

tion of low-level saccade preparation, and high-

level cognitive processing mechanisms.   A sac-

cade is executed when the direction-sensitive 

saccade mechanisms overcome fixation stabili-

zation, in a winner-take-all manner (Munoz & 

Fecteau, 2002; Trukenbrod & Engbert, 2014).  In 

contrast to PSFDs, PoSFDs may primarily re-

flect information accrual (i.e., high-level cogni-

tive processing mechanisms).  Justification for 

this assertion comes from text-reading and 

scene-viewing studies that have utilized gaze-

contingent screen manipulations of peripheral 

information (see Rayner, 2009 for a review).  In 

these studies, words or target objects which were 

visible in peripheral vision are changed during, 

or after a saccade that brought them into foveal 

processing range. The change imposed on the 

previewed item before fixation typically leads to 

an increase in the after-saccade fixation duration.  

These kinds of findings indicate that PoSFDs are 

influenced by peripheral preview in text-reading, 

and scene-viewing. A limitation of the gaze-con-

tingent approach utilized in the text-reading and 

scene-viewing studies above is that they allowed 

access only to experimenter-determined ele-

ments of interest (i.e., fixation duration on target 

word or target object).  It has been assumed that 

the findings generalize to all elements in a dis-

play. 

Visual search may not recruit the same 

mechanisms as text reading, and scene viewing. 

During visual search, a simple rejection of a cur-

rently-fixated non-target may be sufficient for 

the eyes to be moved to a different point of inter-

est. Compared to text reading and scene-view-

ing, during visual search, integration of infor-

mation from a previous point of interest may be 

less necessary for successful completion of vis-

ual search.  In effect, preview benefit may not be 

utilized as much during visual search. Previous 

visual search studies have not been designed to 

contrast PSFDs and PoSFDs.  In fact, visual 

search studies conducted with or without gaze-

contingent loss of peripheral information cannot 

compare PSFD and PoSFD, unless saccade di-

rection information is considered.  With con-

cerns almost similar to the focus of the present 

study (i.e., PSFD and PoSFD with an intervening 

saccade), Tatler and Vincent (2008) investigated 

pre- and post-saccade direction effects on fixa-

tion duration in a scene-viewing task.  Figure 1 

contrasts the concern of the present study with 

the concern of Tatler and Vincent (2008).  Tatler 

and Vincent (2008) found that fixation durations 

were longer with greater angles of pre- to  post-

saccade direction change.    

 

 
Figure 1. Schematic of a sequence of four fixations, 

denoted by circles, with arrows representing saccade 

direction between fixations. The solid black circles and 

solid arrows are of concern to the two studies shown. 

Panel A shows that Tatler and Vincent (2008) were 

concerned about pre- and post-sacade changes in 

direction on fixation duration. Panel B shows that the 

concern of the present study was pre- and post-saccadic 

fixation durations with an intervening saccade. 

 

While their study is informative, it does 

not address PSFD/PoSFD issues.  Without gaze-

contingent manipulations, Tatler and Vincent’s 

(2008) approach is also not  amenable to quanti-

fying peripheral preview effects in visual search 

(as has been done in text-reading and scene-
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viewing studies; see Rayner, 1998; 2009). When 

gaze-contingent peripheral screen information 

manipulations have been utilized in visual 

search, researchers have speculated and at-

tributed the general increase in fixation durations 

to a lack of peripheral benefit which led to higher 

PoSFDs (Bertera & Rayner, 2000; Greene, 

2006),  or competition between fixation stabiliz-

ing and saccade preparation mechanisms, which 

led to higher PSFDs (Cornelissen, Bruin, & 

Kooijman, 2005).  By considering saccade direc-

tions, Greene et al. (2014) revealed an asym-

metry in PSFDs. However, the question of 

PoSFDs was not addressed.  In effect, differ-

ences between PsFDs and PoSFD have not been 

well established for visual search.    The current 

state of knowledge inspires two questions that 

are addressed in the present work. First, do 

PSFDs and PoSFDs reflect different functional 

mechanisms? Second, how do competition be-

tween saccadic mechanisms and peripheral pre-

view rank in contributing to fixation durations?   

 

Question 1: Do PSFDs and PoSFDs reflect dif-

ferent functional mechanisms? 

 

While a vertical asymmetry is well-es-

tablished for PSFDs, it is not known, however, 

how PoSFDs behave as a function of saccade di-

rection. Given our earlier assertion that PoSFDs 

may primarily reflect information accrual (facil-

itated by preview benefit), it is reasonable to ex-

pect that PoSFDs may be longer after briefer 

PSFDs. Hence, PoSFDs may exhibit an asym-

metry that is opposite to that of PSFDs. It is also 

possible that such an asymmetry may not be ex-

hibited for visual search, given that preview ben-

efit may not be much utilized during visual 

search.  If PSFDs and PoSFDs demonstrate dif-

ferences in asymmetry, this would suggest that 

they are functionally different in their moment-

by-moment contributions to conscious vision. A 

functional difference would call into question, 

the popular practice of not distinguishing be-

tween the two in computational models of fixa-

tion duration (e.g. Nuthmann, Smith, Engbert, & 

Henderson, 2010; Trukenbrod & Engbert, 2014). 

     

Question 2: How do competition between sac-

cadic mechanisms and peripheral preview rank 

in contributing to fixation durations?  

  

Eye movement visual search is driven 

primarily by endogenous shifts of attention (e.g., 

Henderson, Brockmole, Castelhano, & Mack, 

2007).  As such, the durations of fixations during 

visual search reflect more than low-level compe-

tition between fixation stabilization and saccade 

preparation mechanisms. Given the assumption 

that PSFDs primarily reflect low-level competi-

tion between fixation stabilization and saccade 

preparation mechanisms (e.g., Munoz and Fec-

teau, 2002), and that PoSFDs primarily reflect 

the combination of pre- and post-saccade infor-

mation accrual mechanisms (e.g., Rayner, 2009), 

it is important to determine relative contributions 

of both low-level, and information processing 

mechanisms to fixation durations.  It is antici-

pated that knowledge of the relative contribu-

tions of both to fixation durations will contribute 

to constraining algorithms used to simulate real-

time visual search behavior.  

To this end, we have devised an approach 

based on the findings that a gaze-contingent 

change imposed on previewed items before a 

saccade, typically leads to an increase in the 

post-saccade fixation duration (Greene, 2006; 

Rayner, 2009).  The approach involves quantify-

ing the cost of obstructing one side of the periph-

eral visual field at a time, in a gaze-contingent 

manner.  Given the difference found in UpVF 

and LoVF visual field processing during visual 

search (Greene, et al., 2014), we blocked the 

UpVF and LoVF from view. It has been sug-

gested that saccade preparation mechanisms are 

most active when saccades were directed to vis-

ible, locally-defined peripheral targets (Edelman 
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& Goldberg, 2001; 2003).  Hence, blocking the 

peripheral visual field should minimize competi-

tion from saccade preparation mechanisms, and 

should thus move the balance of competition to-

wards fixation stabilization (and longer PSFDs). 

Blocking the peripheral visual field is also ex-

pected to minimize peripheral preview, leading 

to longer PoSFDs (see Rayner, 2009 for a re-

view). If only competition between fixation sta-

bilization and saccade preparation mechanisms 

are responsible for increased fixation durations, 

then we expect PSFDs to be longer when ensuing 

saccades are directed towards the region that was 

blocked from view. As well, no effect of the vis-

ual field would be expected for PoSFDs. If how-

ever, only peripheral preview benefit mecha-

nisms are responsible for increased fixation du-

rations, then we expect PoSFDs to be longer if 

the preceding saccade was directed towards the 

obstructed visual field. No such increase in 

PSFDs is expected. Finally, if both types of 

mechanisms are involved (i.e., competition for 

dominance, and peripheral preview benefit), 

then we expect PSFDs and PoSFDs to be longer 

when saccades are directed towards the ob-

structed visual field. comparison of the effect 

sizes would revea which process (competition 

for dominance, or peripheral preview) is more 

influential in causing increased fixation duration 

during obstructed visual search. By inference, 

we would have quantified the ranking of compe-

tition between saccadic competition mechanisms 

and peripheral preview mechanisms, as they 

contribute to fixation durations.  

Methods 

 Participants 

Eighteen adults (18 - 54 years old; 5 

male) at the University of Detroit Mercy partici-

pated in the experiment. All were naïve about the 

aim of the study, and all had normal or corrected-

to-normal visual acuity. The experiment was part 

of a project approved by the Institutional Review 

Board at University of Detroit Mercy, and it was 

conducted in accordance with the Belmont Re-

port, and the Code of Ethics of the World Medi-

cal Association (Declaration of Helsinki). 

 

 

 

 
Figure 2.  A. Sample stimulus display with a target square. The contrast of the target is exaggerated in the figure.  B. 

Sample view of a participant who first looks to the upper left of the display (see the eye), and then to the lower right.
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Stimulus  

The stimuli were multi-grey-level ran-

dom dot noise images (e.g., Figure 2A). Images 

were 32 wide X 26 high. For each image, a tar-

get was embedded in one of 68 predefined loca-

tions along invisible concentric circles. The tar-

get was a low contrast square, 1.5 wide X 1.5  

high.    

Apparatus 

Random dot noise images were presented 

on a 17- inch monitor (60Hz refresh rate, 1024 X 

768 pixels). Observers acknowledged finding the 

target by pressing the computer’s left mouse key. 

Eye positions were sampled at 500 Hz by an Eye-

link II eye tracker that recorded saccades when 

eye velocity exceeded 30° s−1, or when eye ac-

celeration exceeded 8000° s−2.    The eye tracker 

was controlled by EYETRACK software 

(http://blogs.umass.edu/eyelab/software/). Gaze-

contingent obstructions in the peripheral fields 

were created using moving mask algorithms in 

EYETRACK. A peripheral obstruction was a 

black rectangular mask placed 2.5 above (UpVF 

obstruction) or 2.5 below (LovF obstruction) the 

current eye position on the random dot noise im-

ages.  The size of the obstruction on the screen 

changed to hide the display, depending on the 

current eye position. For example, with a LoVF 

obstruction, an eye fixation at the upper left cor-

ner of a random dot noise image left most of the 

image hidden (Figure 2B).  A Sper Scientific 

light meter 840006 was used to record ambient 

illumination in the laboratory.  
 

Procedure  

Participants sat about 55 cm from the 

monitor in a well-lit room (100 Lux). An exper-

imental session started with a 9-point calibration 

of a head-mounted Eyelink II eye tracker. Eye 

drift correction was performed before every 

search trial to maintain a high level of tracking 

accuracy. A trial consisted of a random dot noise 

stimulus (e.g., Figure 2A).  Observers executed 

a saccadic search for the target in each stimulus, 

and terminated the trial with a mouse click re-

sponse as soon as the target was localized.  Each 

trial consisted of one of three viewing condi-

tions:  No Obstruction, Upper Visual Field Ob-

struction, and Lower Visual Field Obstruction. 

The obstruction (programmed as a gaze-contin-

gent moving mask that hid everything below or 

above eye fixation) was located 2.5 degrees 

above, or below the fixation point. The obstruc-

tion followed the observers’ eye position with a 

delay that was brief enough not to disrupt a 

seamless perception of the visual stimuli. The 

target was presented one time at random in each 

of sixty-eight predefined target locations, for a 

total of 204 trials per observer (i.e., 68 target lo-

cations X 3 viewing conditions).   

Results and Discussion 

The hypotheses of the experiment de-

pend on an influence of visual field obstruction, 

which was located 2.5 deg above or below eye 

fixation.  As such, it was important to verify that 

saccades were made beyond the boundary of the 

obstruction, when it was present.  One-sample t 

tests (comparing mean saccade amplitudes to a 

parameter of 2.5 deg) indicated that mean sac-

cade amplitudes were significantly greater than 

2.5 deg when there was no obstruction (all t(17) 

> 10.35; all ps < .001), in the Upper Visual Field 

Obstruction condition (all t(17) > 6.45; all ps < 

.001), and in the Lower Visual Field Obstruction 

condition (all t(17) > 4.95; all ps < .001). Indeed, 

saccades were typically made beyond the bound-

ary of the obstruction. The polar plot in Figure 3 

illustrates the amplitudes of saccades relative to 

upper and lower visual field obstruction.     

http://blogs.umass.edu/eyelab/software/
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Figure 3: Saccade amplitudes  as a function of saccade direction and obstruction condition. The 

rectangles show visual field obstruction locations in the upper or lower visual field, relative to eye 

fixation (i.e. 0 deg). Vertical saccades were executed beyond the 2.5 deg near boundaries of obstruction. 

 

 

 
Figure 4: (Left) Pre-Saccadic Fixation Durations and (Right) Post-Saccadic Fixation Durations as a function of 

saccade direction and obstruction condition. The panels on top depict fixation durations as a function of 20 deg 

saccade direction bins. The panels at the bottom depict fixation durations as a function of 90 deg saccade direction bins 

(i.e., Up, Down, Left, Right).  All analyses in the text reflect a 3 Obstruction (None, Upper Visual Field Obstruction, 

and Lower Visual Field Obstruction) X 4 Saccade Direction (Up, Down, Left, Right) design. 
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The primary concern of the experiment was fix-

ation durations made in search of the target. Fol-

lowing Greene (2006), search fixation durations 

were defined as fixation durations made after the 

initial saccades but before the final fixations 

were terminated by key-press responses.  Search 

fixation durations less than 90 ms and greater 

than 2000 ms were defined as outliers.  

Across observers this criterion led to a removal 

of about 6% of search fixation durations. Each 

observer was left with between 1800 and 9600 

fixation durations (median, 3775).  These dura-

tions were then classified as PSFD, and PoSFDs, 

depending on saccade direction. As described 

earlier, PSFDs are fixation durations before the 

eyes go to a new location. PoSFDs are fixation 

durations after the eyes have come from some lo-

cation in the display. Saccade directions were 

grouped in 90 deg bins (i.e., up, down, left, right) 

for statistical analysis.  Two separate factorial 

ANOVAs—one for PSFDs and one for PoSFDs 

were conducted: 3 Peripheral Obstruction (None, 

Upper Visual Field Obstruction, and Lower Vis-

ual Field Obstruction) X 4 Saccade Direction 

(Up, Down, Left, Right). 

 

Major findings 

Figure 4 shows that there was a Periph-

eral Obstruction X Saccade Direction interaction 

for PSFDs [F(6, 102) = 4.99, p < .01], and for 

PoSFDs [ F(6, 102) = 11.94, p < .01]. In effect, 

PSFDs before the eyes went off in a given direc-

tion, and PoSFDs after the eyes came from mov-

ing in that direction were influenced by obstruc-

tion in the visual field. As evident in Figure 4 and 

discussed below, the pattern of fixations dura-

tions as a function of saccade direction with and 

without an obstruction was different for PSFDs 

vs. PoSFDs. 

 

 

 

 

Minor findings 

For PSFDs, there was a main effect of Pe-

ripheral Obstruction [F(2, 34) = 6.75, p <.01], 

and Saccade Direction [F(3, 51) = 6.75, p < .01]. 

While there was a main effect of Peripheral Ob-

struction [F(2, 34) = 6.87, p < .01] for PoSFDs, 

there was no effect of Saccade Direction [F(3, 

51) = 0.78, p > .05].  

 

Question 1: Do PSFDs and PoSFDs reflect dif-

ferent mechanisms? This question was addressed 

by analyzing asymmetries in PSFDs and PoSFDs 

in each of the three peripheral obstruction condi-

tions of the experiment using Tukey tests. The 

main findings shown in Figure 4 are summarized 

in Table 1.   

 

Table 1  PSFD and PoSFD Asymmetry (Asym) are not 

Equivalent as a Function of Gaze-Contingent Obstruction 

Obstruction PSFD PoSFD 
None LoVF Asym No Asym 
UpVF LoVF Asym UpVF Asym 
LoVF LoVF Asym LoVF Asym 

 

1.  Asymmetry comparisons: Visual search with 

no peripheral obstruction.  

If PSFDs and PoSFDs reflect different 

mechanisms, it was reasonable to expect the 

vertical visual field asymmetry observed for 

PSFDs (Greene et al., 2014) would not be the 

same for PoSFDs. For this paragraph, the reader 

is directed to the dark region in the top left 

panel, or the squares in the bottom left panel of 

Figure 4. Analysis of the No Obstruction condi-

tion (similar to Greene et al., 2014) showed that 

PSFDs were shorter by 23 ms for up-directed 

saccades (256ms) than down-directed saccades 

(279ms) [t(102) = 6.67, p <.01].  The LoVF-

weighted vertical visual field asymmetry 

matches the asymmetry reported by Greene et 

al. (2014). No significant difference in PSFDs 

was found for left-directed saccades (267ms) vs 

right-directed saccades (270ms), [t(102) = 0.99, 
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p > .05] -- a finding also consistent with the re-

sults of Greene et al. (2014). In sum, the verti-

cal visual field asymmetry reported for PSFDs 

by Greene et al. (2014) was replicated in the 

present study.   

 For this paragraph, the reader is directed 

to the dark region in the top right panel, or the 

squares in the bottom right  panel of Figure 4. No 

significant difference was found for PoSFDs af-

ter up-directed saccades (270ms), compared to 

down-directed saccades (266ms) [t(102) =  0.99, 

p > .05]. Hence in contrast to PSFDs, there was 

no vertical visual field asymmetry for PoSFDs. 

There was also no horizontal asymmetry be-

tween left-directed saccades (270ms) and right-

directed saccades (267ms)  [t(102)=  0.99, p > 

.05]. In sum, when there was no obstruction in 

the visual field, PoSFDs did not behave the same 

way as PSFDs. This suggests that PSFDs and 

PoSFDs may reflect the operations of different 

mechanisms. 

 

2.  Asymmetry comparisons: Visual search with 

UpVF peripheral obstruction.  

For this paragraph, the reader is directed 

to the light grey region in the top left panel, or 

the up-pointed triangles in the bottom left panel 

of Figure 4. PSFDs were shorter by 13 ms before 

up-directed saccades (271ms) than down-di-

rected saccades (284ms) [t(102) = 3.92, p <.05]. 

This small LoVF-weighted vertical visual field 

asymmetry matches the asymmetry reported 

above, when there was no obstruction in the vis-

ual field. No significant difference in PSFDs was 

apparent before left-directed saccades (279ms) 

and right-directed saccades (283ms) [t(102) = 

1.04, p > .05]. In sum, the results with a gaze-

contingent obstruction in the UpVF are similar 

to those of Greene et al.(2014), who had no vis-

ual field obstruction.  

For this paragraph, the reader is directed 

to the light grey region in the top right panel, or 

the up-pointed triangles in the bottom right panel 

of Figure 4. In contrast to PSFDs, PoSFDs were 

longer by 21 ms after up-directed saccades 

(295ms) than down-directed saccades (274ms) 

[t(102) =  5.76, p <  .01]. This UpVF-weighted 

asymmetry was in the opposite direction of that 

reported above, for PSFDs.  There was no signif-

icant difference in PoSFDs after left-directed 

saccades (279ms) vs right-directed saccades 

(275ms) [t(102)=  1.00, p > .05]. In sum, PoSFDs 

did not behave the same way as PSFDs, suggest-

ing that they may reflect different mechanisms.  

 

3.  Asymmetry comparisons: Visual search with 

LoVF peripheral obstruction.  

For this paragraph, the reader is directed 

to the black line in the top left panel, or the 

down-pointed triangles in the bottom left panel 

of Figure 4. PSFDs were shorter by 35 ms before 

up-directed saccades (260ms) than down-di-

rected saccades (295ms) [t(102) = 10.49, p <.01].  

The result reflects a LoVF-weighted vertical vis-

ual field asymmetry typical of PSFDs (see also 

Greene et al., 2014).  No significant difference in 

PSFDs was found before left-directed saccades 

(283ms) vs right-directed saccades (284ms) 

[t(102) = 0.39, p > .05].  

For this paragraph, the reader is directed 

to the black line in the top right panel, or the 

down-pointed triangles in the bottom right  panel 

of Figure 4. PoSFDs exhibited a LoVF-weighted 

asymmetry in that they were longer by 19 ms af-

ter down-directed saccades (292ms) than up-di-

rected saccades (273ms) [t(102) =  5.33, p <  

.01].  This LoVF asymmetry was in the opposite 

direction of that found when a peripheral ob-

struction was in the UpVF (see right panels in 

Figure 4).  There was no significant horizontal 

asymmetry in PoSFDs (277ms vs 284ms after 

saccades were directed leftwards and rightwards, 

respectively) [t(102) = 1.83, p > .05]. In sum, 

PoSFDs did not behave the same way as PSFDs. 

Together, the asymmetry findings suggest that it 

is reasonable to conclude that PSFDs and 

PoSFDs reflect different mechanisms.  
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Question 2: How do competition between sac-

cadic mechanisms and peripheral preview rank 

in contributing to fixation durations?  

To address this question, the cost of pe-

ripheral obstruction to PSFDs and PoSFDs were 

analyzed. The logic was that there would be a 

greater cost of obstruction for the mechanisms 

that are more dominant in the adjustment of fix-

ation durations. If competition between saccade 

and fixation mechanisms is more dominant than 

peripheral preview mechanisms, a greater cost 

of peripheral obstruction was expected for 

PSFDs than PoSFDs. In contrast, a greater cost 

was expected for PoSFDs than PSFDs if periph-

eral preview mechanisms are more dominant in 

the adjustment of fixation durations. The ques-

tion was addressed by analyzing obstruction-in-

duced increases in PSFDs and PoSFDs for sac-

cades directed towards the gaze-contingent ob-

structions using Tukey tests. 

 

1.  The cost of peripheral obstruction: Saccades 

directed upwards.  

For this paragraph, the reader is directed 

to the upper quadrants in the two left panels of 

Figure 4. With the UpVF obstruction, PSFDs for 

saccades directed upwards (271ms) were longer 

by 15 ms than PSFDs directed upwards when 

there was no obstruction (256ms) [t(102) = 4.31, 

p <.01, d= .58]. The LoVF obstruction had no ef-

fect on PSFDs for saccades directed upwards 

(260ms vs 256ms) [t(102)= 1.13, p > .05,   d= 

.30]. Thus, only the UpVF obstruction increased 

PSFDs for saccades directed upwards.  

For this paragraph, the reader is directed 

to the upper quadrants in the two right panels of 

Figure 4. With the UpVF obstruction, PoSFDs 

were longer by 25 ms after saccades were di-

rected upwards  (295ms) compared to PoSFDs 

directed upwards with no obstruction (270ms) 

[t(102) = 6.95, p <.01, d =  .79]. The LoVF ob-

struction had no effect on PoSFDs for saccades 

directed upwards (273ms vs 270ms)  [t(102) = 

0.75, p > .05, d = .15]. Thus, only the UpVF ob-

struction increased PoSFDs for saccades di-

rected upwards.  

 With respect to the question of cost, pe-

ripheral obstruction in the direction of up-di-

rected saccades imposed a greater absolute cost 

for PoSFDs (25 ms) than for PSFDs (15 ms).  As 

well, the related standardized effect size (Co-

hen’s d) was greater for PoSFDs than PSFDs (d= 

.79 vs d= .58). It is reasonable to conclude that 

peripheral preview mechanisms, not saccade-

fixation competition mechanisms, were more 

dominant in the adjustment of fixation durations 

for saccades directed upwards. 

 

 2.  The cost of peripheral obstruction: Sac-

cades directed downwards.  

For this paragraph, the reader is directed 

to the lower quadrants in the two left panels of 

Figure 4. With the LoVF obstruction PSFDs be-

fore saccades directed downward (295ms) were 

longer by 16ms than PSFDs directed downward 

with no obstruction (279ms) [t(102) = 4.95, p < 

.01, d= .80]. The UpVF obstruction had no sig-

nificant effect on PSFDs (284ms vs 279ms) 

[t(102) = 1.56, p > .05, d = .23]. In sum, only the 

LoVF obstruction increased PSFDs for saccades 

directed downwards. 

For this paragraph, the reader is directed 

to the lower quadrants in the two right panels of 

Figure 4. While the UpVF obstruction had no 

significant effect on PoSFDs after downward di-

rected saccades (274ms vs 266ms) [t(102) = 

2.18, p > .05, d= .32], the LoVF obstruction was 

associated with a 25 ms increase in PoSFDs 

(292ms vs 266ms)  ([t(102) = 7.07, p <  .01, d= 

1.04]. In sum, only the LoVF obstruction in-

creased PoSFDs for saccades directed down-

wards.  

 Cost-wise, peripheral obstruction in the 

direction of  down-directed saccades had a 

greater absolute cost on PoSFDs than on PSFDs 

(25ms vs 17ms).  Also, the related standardized 

effect size (Cohen’s d) was greater for PoSFDs 
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than PSFDs (d= 1.04 vs d= .80).  Together, the 

results suggest peripheral preview mechanisms, 

not saccade-fixation mechanisms, were more 

dominant in the adjustment of fixation durations 

for saccades directed downwards. 

General Discussion 

  The concern of the present study was the 

nature of PSFDs and PoSFDs during visual 

search. PSFDs were defined as fixation durations 

before the eyes moved in a given direction, and 

PoSFDs were defined as fixation durations after 

the eyes landed from the given direction.  Given 

their similarity to SRT patterns, PSFD patterns 

were assumed to be primarily reflective of low-

level competition between saccadic and fixation 

stability mechanisms, such that a saccade is exe-

cuted when saccade preparation mechanisms 

overcome fixation stabilization (Munoz & Fec-

teau, 2002).  Hence, selective minimization of 

competition from saccade preparation mecha-

nisms was expected to increase selectively, 

PSFDs.  In contrast, PoSFD patterns (which have 

not been specifically addressed in visual search) 

were assumed to be reflective of the interaction 

of pre- and post-saccade information accrual.  

Selective prevention of preview was expected to 

increase selectively, PoSFDs.  

Novel use of a gaze-contingent moving 

obstructer paradigm addressed two open ques-

tions related to visual search. The first question 

dealt with functional similarity between PSFDs 

and PoSFDs.  If PSFDs and PoSFDs reflect dif-

ferent mechanisms, it was expected that saccade 

direction would differentially influence PSFD 

and PoSFD patterns. Results showed that PSFD 

patterns exhibited a vertical visual field asym-

metry that was weighted towards the LoVF, irre-

spective of the location of a peripheral ob-

structer. This was similar to PSFD patterns re-

ported by Greene et al. (2014). However, PoSFD 

patterns exhibited this LoVF-weighted asym-

metry only when the obstructer was in the LoVF. 

These findings (summarized in Table 1) support 

the argument that PSFDs and PoSFDs reflect 

functionally different mechanisms. The second 

question of interest was the relative contribution 

of PSFDs and PoSFDs to visual search fixation 

duration. Although an obstructer in the UpVF al-

ways selectively increased PSFDs and PoSFDs, 

the increase (i.e., cost) was greater for PoSFDs. 

The same was true in the opposite direction for 

an obstructer in the LoVF.  Thus, the findings 

suggest that PoSFDs (which have been assumed 

to reflect primarily the interaction of pre- and 

post-saccade information accrual) contribute 

more to the duration of fixations than PSFDs 

(which were assumed to reflect saccade compe-

tition mechanisms).  Together, the results of 

the present study suggest that it is insufficient to 

theorize about the control of fixation durations 

without consideration of differential influences 

on PSFDs and PoSFDs.  

Computational simulations facilitate un-

derstanding of biological mechanisms.  Many 

computational models of looking behavior have 

focused on where saccades are directed (e.g., Itti 

& Koch, 2000; Najemnik & Geisler, 2009; 

Parkhurst, Law, & Niebur, 2002; Rao, Zelinsky, 

Hayhoe, & Ballard, 2002; Zelinsky, 2008).  Real 

time simulation of looking behavior can occur 

only if the control of fixation durations is suffi-

ciently understood.  The most relevant model 

with respect to visual search fixation duration is 

Trukenbrod & Engbert’s (2014) model (ICAT).   

ICAT assumes that fixation durations are ad-

justed both directly (by currently-fixated infor-

mation) and indirectly (by prior experience with 

processing demands). While the model accounts 

for global shifts in fixation duration from pro-

cessing demands (i.e., indirect influences), and 

local variations in fixation duration (i.e., direct 

display influences), simulated distributions of 

fixations do not take into account PSFD  patterns 

(e.g., Greene et al., 2014) and differences be-

tween PSFD and PoSFD patterns, as demon-

strated in the present study.  
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Interestingly, the PSFD asymmetry re-

ported here (and by Greene et al. 2014) is the op-

posite of the asymmetry observed when observ-

ers are instructed to respond manually to the on-

set of a target in the upper or lower visual field. 

Manual reaction times (MRTs) tend to be faster 

for targets in the lower, not upper visual field 

(Maehara, Okubo, & Michimata, 2004; see also 

Skrandeis, 1987 for a review).  In the present 

context, MRTs quantify a shift of attention when 

a target becomes visible. Tzelepi et al., (2010) 

have speculated on the reason for the dissimilar-

ity in SRT and MRT patterns.   In their study, 

observers were asked either to attend covertly, or 

make a saccade to stimuli presented in the visual 

field.  As expected, SRTs were faster for sac-

cades towards UpVF than LoVF targets.  Beyond 

this typical finding, magnetoencephalography 

(MEG) results indicated that frontal lobe areas 

involved in saccade preparation were accessed 

earlier and with less cortical activation for sac-

cades about to be directed into the UpVF, than 

for the saccades about to be directed into the 

LoVF.  The temporal advantage and greater au-

tomaticity in frontal processing may both con-

tribute to faster SRTs into the UpVF.  In contrast, 

when observers were instructed to attend cov-

ertly (without eye movements), dorsal cortex re-

gions were activated earlier than ventral regions, 

and cortical activation was lower if attention was 

directed to LoVF compared to UpVF. This tem-

poral advantage and greater automaticity in re-

sponse to LoVF targets may contribute to faster 

MRTs for targets in the LoVF.   

 

 

Conclusion 

The findings of the present study demon-

strate that fixation duration control is differen-

tially influenced by whence a saccade was di-

rected (i.e. PoSFD control) and whither a sac-

cade is to be directed (i.e., PSFD control). The 

results suggest a larger influence of preview 

(when a fixation lands after a saccade) than item 

selection (before a saccade is initiated).  Of 

course, generalization of the findings may de-

pend on the properties of the visual task (e.g. vis-

ual search vs passive scene viewing).  The take-

home message from the present findings is that 

fixation durations are influenced differently by 

pre-saccadic and post saccadic mechanisms, as a 

function of saccade direction. Future computa-

tional models of fixation duration control should 

consider pre- and post-saccadic influences as a 

function of saccade direction. 
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