-

P
brought to you by .i CORE

View metadata, citation and similar papers at core.ac.uk

provided by BOP Serials

Journal of Eye Movement Research
12(8):5

Shorter fixation durations for up-directed
saccades during saccadic exploration: A
meta-analysis

Harold H Greene

University of Detroit Mercy
Detroit Mercy

James M Brown

University of Georgia
Athens, Georgia, USA

Gregory P Strauss

University of Georgia
Athens, Georgia, USA

Utilizing 23 datasets, we report a meta-analysis of an asymmetry in presaccadic fixation
durations for saccades directed above and below eye fixation during saccadic exploration.
For inclusion in the meta-analysis, saccadic exploration of complex visual displays had to
have been made without gaze-contingent manipulations. Effect sizes for the asymmetry
were quantified as Hedge’s g. Pooled effect sizes indicated significant asymmetries such
that during saccadic exploration in a variety of tasks, presaccadic fixation durations for
saccades directed into the upper visual field were reliably shorter than presaccadic fixation
durations for saccades into the lower visual field. It is contended that the asymmetry is ro-
bust and important for efforts aimed at modelling when a saccade is initiated as a function
of ensuing saccade direction.
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Introduction

“...the model and good data go hand in hand in advanc-
ing the field.” (p. 7, Rayner, 2009)

The visual field is the area of visibility, with re-
spect to the current eye fixation. An object positioned
above or below the current eye fixation is respectively in
the current upper or lower visual field. It is well estab-
lished that temporal processing along the vertical
meridian of the visual field is asymmetric (Previc, 1990;
Skrandies, 1987; Woodworth, 1938; Y. Zhou, Yu,
Xuefei, Wu, & Zhang, 2017). For example, key-
press/manual reactions (MRTS) are usually faster for tar-
gets that appear in the lower, not upper visual field. These
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behavioral findings are supported by physiological find-
ings in the forms of shorter latency, and larger amplitude
evoked responses in retinal and occipital areas (Hagler,
2014; Kremlacek, Kuba, Chlubnova, & Kubova, 2004;
Portin, Vanni, Virsu, & Hari, 1999; see also Skrandies,
1987 for a review). The accepted explanation is that the
lower visual field advantage for manual reactions is a re-
sult of an asymmetrical representation of the lower visual
field in the (upper) retina and (superior) visual cortex ar-
eas (see Holmes, 1945; Silva et al., 2018; Skrandies,
1987).

Given the structural limitations of the visual sys-
tem, only a small central area of the visual field is acces-
sible to detailed scrutiny. As such, it is necessary to make
fast eye movements (i.e., saccades) to bring peripheral ar-
eas into central processing range. Saccades continually
change the position of the visual field. In contrast to the
lower visual field advantage for manual responses, the la-
tency to initiate a saccade towards a target is usually
shorter by 20ms- 50ms, if the target appears in the upper
visual field (e.g., Abegg, Pianezzi, & Barton, 2015; see
also Greene, Brown, & Dauphin, 2014 for an overview).
This upper visual field advantage for saccade reaction
times (SRTs) is well established in the literature (Abegg
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et al., 2015; Bell, Everling, & Munoz, 2000; Goldring &
Fischer, 1997; Hackman, 1940; Heywood & Churcher,
1980; Honda & Findlay, 1992; Miles, 1936; Pitzalis & Di
Russo, 2001; Schlykowa, Hoffmann, Bremmer, & Thiele,
1996; Tzelepi, Laskaris, Amditis, & Kapoula, 2010;
Tzelepi, Yang, & Kapoula, 2005; W. Zhou & King,
2002). As with MRTs, asymmetry in SRTs are also sup-
ported by physiological findings of sharper, faster and
stronger upper visual field representation in subcortical
and cortical oculomotor areas (Drager & Hubel, 1976;
Hafed & Chen, 2016; Tzelepi et al., 2010). The character-
istics of SRTs are important in clinical vision sciences.
For example, they have a diagnostic value in some move-
ment disorders (e.g., Huntington’s disease, and recessive
cerebellar ataxia; see Lasker & Zee, 1997; Patel,
Jankovic, Hood, Jeter, & Sereno, 2012; Termsarasab,
Thammongkolchai, Rucker, & Frucht, 2015). Hence, typ-
ical SRT asymmetries may provide insight on the func-
tioning of a healthy brain.

While knowledge of SRT characteristics is use-
ful (e.g., in clinical vision sciences), there is a limitation
with respect to temporal characteristics of saccadic explo-
ration of targets in a visual field. In SRT tasks, the goal is
to prepare and initiate a saccade as quickly as possible to
one of a number of preset alternative locations. This is
not the case during typical exploration of a visual scene,
where the viewer decides autonomously, where to direct
saccades. A comprehensive understanding of the visual
brain (leading to an ability to predict, model, and clini-
cally manage its operations) requires research on saccadic
exploration characteristics. Characteristics may be classi-
fied as when a saccade is initiated, and where the saccade
goes (i.e., directional and distance control). Many compu-
tational models of saccade exploration have focused on
where saccades go in the visual field (e.g., Itti & Koch,
2000; Najemnik & Geisler, 2009; Parkhurst, Law, &
Niebur, 2002; Rao, Zelinsky, Hayhoe, & Ballard, 2002;
Zelinsky, 2008). Towards real-time modelling of saccadic
exploration (e.g., Laubrock, Cajar, & Engbert, 2013;
Nuthmann, 2017; Nuthmann & Henderson, 2010;
Trukenbrod & Engbert, 2014), it is necessary to deter-
mine when a saccade is initiated in association with
where the saccade goes in the visual field (e.g., Brown &
Greene, 2018; Greene & Brown, 2017; Greene et al.,
2014; Tatler & Vincent, 2009). In the context of saccadic
exploration, a saccade is initiated after the duration of an
eye fixation. Following three recent studies (Brown &
Greene, 2018; Greene & Brown, 2017; Greene et al.,
2014), we refer to this duration as the presaccadic fixa-
tion duration (PSFD). Unlike SRTs, PSFDs are con-
founded by the time taken to exploit information in the
area fixated and the time required to program a saccade
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for exploration (Rayner, 1998; Sheth & Young, 2016).
Un-confounding the two variables is beyond the goal of
the present meta-analysis.

It has been reported that a vertical visual field
asymmetry for PSFDs exists, such that fixation durations
are shorter before the eyes are directed above eye fixation
(Brown & Greene, 2018; Greene & Brown, 2017; Greene
et al., 2014). A need exists to determine the replicability
and generality of this asymmetry if it is to be considered
in real-time modelling of saccadic exploration (see
Maxwell, Lau, & Howard, 2015; Shrout & Rodgers, 2018
for discussions of the replication crisis in science). In the
present study we report a meta-analysis of published and
unpublished results of the vertical asymmetry in PSFDs.
The goal was to summarize results of a diverse set of sac-
cadic exploration studies, and to quantify the extent of
visual field asymmetry for PSFD in these studies. If the
purported asymmetry in PSFDs is reliable (Brown &
Greene, 2018; Greene & Brown, 2017; Greene et al.,
2014), a significant asymmetry was expected in overall
effect size across different datasets. In addition to deter-
mining the overall effect size, four potential moderators
of the effect were considered. First we reasoned that the
differences in demands between searching for a target
and viewing a scene justifies the inclusion of Task (Vis-
ual Search vs Scene Viewing) as a moderator variable.
Second, towards safeguarding against publication bias,
unpublished data were included in the meta-analysis. For
this reason, the variable Source (Published vs Un-
published) was included as a moderator. Some of the da-
tasets included in the meta-analysis were created specifi-
cally to test for the existence of the purported asym-
metry in PSFDs. To assess the potential influence of ver-
ification bias, Pre-planned Test (Yes vs No) was included
as a moderator. Finally, some studies artificially con-
strained the observer’s head in a chinrest. Towards eco-
logical validity, it was useful to examine the constraint of
a chinrest as moderator: Chinrest (Yes vs No).

Method

Data Selection Criteria

Eye movement data were included from research
conducted at three laboratories. As our concern was sac-
cadic behavior, the specific aims of the different studies
considered were not important. Published and new da-
tasets were considered, to safeguard against publication
bias. We were particularly interested in situations that
reasonably simulated realistic looking demands. For in-
clusion in the meta-analysis, saccadic explorations had to
have been made without gaze-contingent (GC) visual
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field restrictions on complex visual displays. Our inclu-
sion criteria allowed real-world scenes, fractals,
roadmaps, picture webpages, random dot displays, and
ambiguous inkblot images. Studies that utilized struc-
tured alpha-numeric characters were excluded. For stud-
ies that utilized some GC manipulations, only the condi-
tions without GC manipulations were included.

Description of Selected Datasets

Six of the datasets were from 3 published stud-
ies that reported the vertical asymmetry in PSFDs during
saccadic exploration (Brown & Greene, 2018; Greene &
Brown, 2017; Greene et al., 2014). Eight of the datasets
were from 3 published studies of saccadic exploration
that had not previously checked for the vertical asym-
metry in PSFDs (Foulsham & Kingstone, 2010; Greene,
Brown, & Paradis, 2013; Greene, Pollatsek, Masserang,
Lee, & Rayner, 2010; Strauss, Ossenfort, & Whearty,
2016). Nine new eye-movement datasets were from the
laboratories of the authors, and were included in the anal-
ysis, to minimize publication bias. Table 1 presents brief
descriptions of the methods utilized for the datasets in-
cluded in the meta-analysis. Figure 1 shows one urban
scene used in previously unpublished scene viewing
tasks, and a sample trial display with a target circle
among ovals, used in visual search tasks. In one scene-
viewing task, the stimuli were randomly chosen
webpages, containing pictures and words. All other stim-
ulus sets are well described in the published datasets (see
Greene, Brown, & Paradis, 2013; Greene, Pollatsek,
Masserang, Lee, & Rayner, 2010; Strauss, Ossenfort, &
Whearty, 2016), and briefly described in Table 1.

Figure 1. An urban scene used in a scene viewing task, and a
sample display with a target circle among ovals, used in visual
search tasks included in the new eye movement data for the
meta-analysis. The square in the visual search display depicts
for the reader, the position of the target in this particular dis-

play.

In sum, 23 datasets were included in the meta-
analysis (14 visual search, and 9 scene-viewing datasets).
Eye movements were tracked using Eyelink systems at
250Hz, or higher, as participants explored presentations
on a computer screen. All data collection was approved
by the relevant university Institutional Review Boards.
They were conducted in accordance with the Belmont
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Report, and the Code of Ethics of the World Medical As-
sociation (Declaration of Helsinki). Participants were
healthy adults with normal, or corrected-to-normal visual
acuity.

Data Analysis

In-house codes were used to extract PSFDs as-
sociated with ensuing saccade directions within the quad-
rants of the visual field (e.g., Brown & Greene, 2018;
Greene & Brown, 2017). A priori paired samples t tests
were conducted to test for significant differences between
PSFDs for saccades directed within the 90 deg radius
above, and below each current eye fixation. The meta-
analysis was conducted using Comprehensive Meta-
Analysis V3 software. The data entered were the mean
PSFDs for saccades directed within the 90 deg wedge
above and below current eye fixation, the sample size,
and the paired samples t value. Effect sizes for the differ-
ence in PSFDs when saccades were directed into the up-
per visual field (UpVF) and lower visual field (LoVF)
were quantified as Hedge’s g (Hedges & Olkin, 1985).
Heterogeneity among datasets was assessed as the per-
centage of variance in effect (i.e., I? % = 100(Q - df)/Q;
Higgins & Thompson, 2002, where in the present con-
text, Q is the result of Cochran’s % test with df degrees of
freedom).

Results

In Table 1, we have presented PSFDs for paired
samples comparisons of mean PSFDs associated with
UpVF-directed and LoVF-directed saccades. A priori
paired samples t tests revealed significant vertical visual
field asymmetries in 19 of the 23 datasets (p <.05). The
table shows that overall, there was an asymmetry in
PSFDs such that PSFDs were shorter by 25ms for up-di-
rected saccades. Standardized extent of asymmetry in
PSFDs was quantified by Hedge’s g for each dataset.
There was statistically significant heterogeneity among
the 23 datasets (Q(22) = 68.16, p < .01; percentage of
variance in effect sizes due to heterogeneity: [ % =
67.72%). Given the heterogeneity of variances, a random
effects model was preferred over a fixed effect model to
quantify the pooled effect size. The random effects model
produces a wider confidence interval, to compensate for
the heterogeneity. The pooled effect size (shown as a dia-
mond at the bottom of Figure 2) indicated significant
asymmetry such that during saccadic exploration in a va-
riety of tasks, PSFDs for saccades into the upper visual
field were typically shorter than PSFDs for saccades into
the lower visual field (pooled g overall = 0.97, z=9.09, p
<.00).
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Moderator: Task (Visual Search vs Scene Viewing)

Analysis of data subsets showed statistically sig-
nificant heterogeneity among Scene Viewing tasks (Q(8)
=19.07,p<.01; I? % = 58.05%), and Visual Search
tasks (Q(13) =47.18, p <.01; I % = 72.44%). With a
random effects model, there was a significant asymmetry
such that during saccadic exploration in Visual Search
and in Scene Viewing tasks, PSFDs for saccades into the
upper visual field were typically shorter than PSFDs for
saccades into the lower visual field (pooled g for Visual
Search = 1.05, z = 6.34; pooled g for scene viewing = .86,
z=6.56, all ps <.01).

The variable Task(Visual Search vs Scene
Viewing), was not significant as a moderator Q(1) = .76,
p>.05 (see also, overlapping 95% confidence interval di-
amonds for pooled Visual Search and pooled Scene
Viewing effects in Figure 2). In sum, the effect size was
not different between Visual Search and Scene Viewing
tasks examined in the meta-analysis.

Moderator: Source (Published vs Unpublished)

Analysis of data subsets showed statistically sig-
nificant heterogeneity among Published studies (Q(13) =
42.92, p<.01; I? % = 69.71%), and Unpublished studies
(0(®8)=21.71,p<.01; I? % = 63.15%). With a random
effects model, there was a significant asymmetry such
that during saccadic exploration in Published and Un-
published datasets, PSFDs for saccades into the upper

Foulsham & Kingstone, 2010; Vision Research
Greene, Brown & Dauphin 2014_; Vision Research
Greene's lab 1

Greene's lab 2

Greene's lab 3

Strauss’lab 1

Strauss'lab 2

Strauss, Ossenfort, & Whearty, 2016, PLOS One
Strauss, Ossenfort, & Whearty, 2016, PLOS One

Brown & Greene, 2018; in PVN..Weisstein

Brown & Greene, 2018; in PVN..Weisstein
Greene & Brown,2017; JEMR

Greene, Brown & Dauphin 2014; Vision Research
Greene, Brown & Dauphin 2014; Vision Research
Greene, Brown & Paradis, 2013; Displays
Greene, Brown & Paradis, 2013; Displays
Greene, Brown & Paradis, 2013; Displays —
Greene, Brown & Paradis, 2013; Displays —
Greene, etal., 2010; Vision Research
Greene's lab 4

Greene's lab 5

Greene's 1ab 6

Greene's lab7

ARG

-2.00

=
=
3
N
=
3

PSFD up > PSFD down PSFD up < PSFD down

Figure 2. Standardized mean difference (as Hedge’s g) between
PSFDs for up-directed and down-directed saccades. The se-
quence of datasets in the forest plot is the same as the sequence
presented in Table 1. Error bars represent 95% confidence in-
tervals. The sizes of the black squares reflect sample sizes.
Pooled effect sizes are shown as diamonds for scene viewing
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and visual search (open), and overall (closed). The horizontal
extent of the diamonds depict 95% confidence intervals. The
pooled effect sizes indicate an asymmetry such that PSFDs are
shorter for up-directed than down-directed saccades.

visual field were typically shorter than PSFDs for sac-
cades into the lower visual field (pooled g for Published
studies = .85, z = 6.37; pooled g for Unpublished studies
=1.19,z=6.65, all ps <.01).

The variable Source (Published vs Un-
published), was not significant as a moderator O(1) =
2.23,p>.05. Insum, the effect size was not different
between Published and Unpublished studies examined in
the meta-analysis.

Moderator: Pre-planned Test (Yes vs No)

Only visual search studies were in the pool of
studies designed specifically to test for the purported
asymmetry in PSFDs. There was no significant heteroge-
neity among these studies (i.e., Yes studies; Q(6) = 2.15,
p> .05; 17 % = 0%). In contrast, there was significant
heterogeneity among (visual search and scene-viewing)
studies that were not designed specifically to test for the
purported asymmetry (i.e., No studies; Q(15) =40.58, p <
.01; 7% = 63.03%).

With a random effects model, there was a sig-
nificant asymmetry such that during saccadic exploration
in Yes, and No studies, PSFDs for saccades into the up-
per visual field were typically shorter than PSFDs for
saccades into the lower visual field (pooled g for Yes
studies = 1.46, z = 11.45; pooled g for No studies = .77, z
=6.79, all ps <.01).

The variable Pre-planned Test (Yes vs No), was
a significant moderator Q(1) = 15.97,p< .01. In sum,
the effect size was larger for studies (limited to visual
search studies in our meta-analysis) specifically designed
to test for the purported asymmetry in PSFDs.

Moderator: Chinrest (Yes vs No)

Analysis of data subsets showed statistically sig-
nificant heterogeneity among studies that used a chinrest
(0(9)=31.55,p<.01; I? % = 71.47%), and studies that
did not (Q(12) =31.44,p <.01; I? % = 61.84%). With a
random effects model, there was a significant asymmetry
such that during saccadic exploration in Chinrest and No
Chinrest datasets, PSFDs for saccades into the upper vis-
ual field were typically shorter than PSFDs for saccades
into the lower visual field (pooled g for chinrest studies =
.19, z=4.87; pooled g for no chinrest studies = 1.13, z =
8.09, all ps <.01).
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The variable Chinrest (Yes vs No), was not sig-
nificant as a moderator Q(1) = 2.43, p>.05. Insum, the
effect size was not different between Chinrest and No
Chinrest studies examined in the meta-analysis.

Discussion

An asymmetry has been reported for PSFDs as-
sociated with saccades directed within the vertical visual
field (Greene & Brown, 2017; Greene et al., 2014). An
open question is the robustness of this reported asym-
metry for future research endeavors. The present meta-
analytic study, the first of its kind, had two objectives: to
report PSFDs for vertically-directed saccades in a diverse
set of saccadic exploration studies, and to quantify the ex-
tent of vertical asymmetry in PSFDs. Overall, there was a
statistically significant asymmetry in PSFDs such that
during saccadic exploration, fixation durations were
briefer if saccades were directed into the upper visual
field. The results of the meta-analysis support the pub-
lished reports of PSFD asymmetry. The effect was not
moderated by saccade exploration task (i.e., Visual
Search vs Scene Viewing), publication bias, or the con-
straint of a chinrest. Whether or not a study was designed
specifically to test for the PSFD effect did matter, such
that studies designed to test for the effect showed a larger
effect size. However, all the studies designed specifically
to test for the effect were visual search studies. In the fu-
ture, it would be useful to conduct a planned comparison
of the effect for scene-viewing and visual search of the
same stimulus set.

Speculative explanations

Movement of sensors relative to objects in the
environment is important for learning regularities of our
environment (e.g. Hawkins, Ahmad, and Cui, 2017). As
the visual brain reaches out to engage with the world, in-
formation above or below the current eye fixation is re-
spectively positioned in the current upper or lower field,
and saccades continually change what constitutes the up-
per and lower visual field. To date, it has not been estab-
lished why PSFDs tend to be shorter when the ensuing
saccade is directed upwards. An account is summarized
here, to stimulate future research efforts on the question.

If one considers global optic flow while walking
and looking straight ahead, the speed/velocity across the
retina is least at the fixation point, and increasing in the
periphery. In an outdoor setting with sky above, a greater
amount of such stimulation would be in the lower visual

field. A “check and detect” behavior pattern stemming

from ecological constraints (e.g., Previc, 1990) may un-
derlie the vertical visual field asymmetry for PSFDs.
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Given the position of the eyes atop the human body, in-
formation in far/extra-personal space tends to be in the
UpVF, and information near the body tends to be in the
LoVF. Hence, as one moves within one’s environment,
gaze is typically directed some distance ahead to search
for, and detect new information in the slower flowing up-
per optic array (i.e. UpVF). As one is covertly aware of
near-body/peripersonal and ground-level space in the
LoVF, one rarely looks down to check already covertly
attended things in one’s faster flowing ground level. Oc-
casionally, one makes saccades downwards to check the
information in the current LoVF. Support for a “check
and detect” behavior pattern comes from laboratory find-
ings that saccades are more likely to be directed upwards
to discern information in the current UpVF (see Greene et
al., 2014; see also Foulsham & Kingstone, 2010 for
possible influences of perceived scene orientation on the
probability of saccade direction). The vertical asym-
metry in PSFDs elicited by a “check and detect” mecha-
nism may be grounded in neuroscience.

From a visibility perspective, greater representa-
tion of the lower visual field in the (upper) retina and (su-
perior) visual cortex areas (Silva et al., 2018; Skrandies,
1987) results in higher contrast sensitivity below eye fix-
ation. Hence, there may be a greater urgency to terminate
a fixation, and make a saccade upwards, because for a
given radius, objects above fixation are seen less clearly
during a fixation. The visibility perspective predicts
shorter fixation durations for ensuing saccades directed
upwards because there is a greater need to disambiguate
by looking, objects above fixation.

Beyond a visibility perspective, magne-
toencephalography results (Tzelepi et al., 2010) suggest
that frontal cortical areas involved in saccade preparation
respond earlier when saccades are directed upwards, than
when saccades are directed downwards. Additionally,
when the intention is to make a saccade upwards, frontal
cortex activity is lower than when a downward saccade is
intended (Tzelepi et al., 2010). The findings suggest that
saccade programming may require less cortical effort for
saccades directed upwards in the visual field. In turn,
less cortical effort may encourage shorter fixation dura-
tions for ensuing saccades directed upwards.

Beyond cortical effort, saccades are controlled by the cor-
tex through the sub-cortical superior colliculus (see Gold-
berg and Walker, 2013, for an introduction). Recent find-
ings suggest that the representation of the vertical visual
field is not uniform in the superior colliculus (Hafed &
Chen, 2016). Specifically, the UpVF representation in the
superior colliculus is faster than the LoVF representation
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(Hafed & Chen, 2016). Indeed, the asymmetrical repre-
sentation of the vertical visual field by the superior collic-
ulus may also contribute to the asymmetry in vertical
PSFDs. Together, a combination of adaptive mecha-
nisms (e.g. check and detect behavior), and retinal, corti-
cal and subcortical mechanisms may reasonably underlie
the observed shorter fixation durations before saccades
are directed upwards in the visual field. Perhaps, future
animal neuroscience experiments could manipulate as-
pects of the saccadic circuitry to test the speculations pro-
posed.

A word on SRTs and PSFDs

Whereas effect sizes in our meta-analysis have demon-
strated the robustness of the vertical field asymmetry in
PSFDs (irrespective of statistical significance in null hy-
pothesis tests), it is informative to ask whether SRTs are
also similarly robust. Greene, Brown and Dauphin
(2014) have argued that while the high level of experi-
mental control in SRT tasks is useful for determining the
operations of the saccadic circuitry, a limitation is that the
task demand is different from saccadic exploration. Rea-
sonably, SRTs index the time required to program a sac-
cade, based on exogenously oriented attention. In con-
trast, during saccadic exploration (e.g., visual search and
scene viewing), observers typically direct their attention
endogenously, such that PSFDs heavily reflect both the
time required to program a saccade and the amount of
time taken to process the currently-fixated element in the
visual field (see also, Nuthmann et al.,2010; Trukenbrod
& Engbert, 2014). The systematic asymmetry in PSFDs
probably reflects this added saccade programming time.
To date, no meta-analysis has been conducted to ascertain
this. Despite the difference in focus between SRTs and
PSFDs, in their overview of the literature, Greene, Brown
and Dauphin (2014) have suggested that the SRT asym-
metry is noteworthy for convergent validity and computa-
tional modelling of saccadic behavior.

In the present study, the advantage of a meta-
analysis is that it quantifies an effect in a manner that
does not rely on a single dataset. Although selected da-
tasets were not all created using the same methodology,
the underlying mechanism of interest was the same--that
is to say, saccadic explorations were made without GC
manipulations on complex visual displays. The present
study indicates that when there are no GC spatial con-
straints, there is a robust PSFD asymmetry for up- and
down-directed saccades. Despite the difficulty of separat-
ing exploitation time from saccade preparation time in
saccadic exploration tasks, PSFDs, like SRTs, are sys-
tematically shorter when the ensuing saccade is directed
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into the UpVF. Given the similarity in characteristics be-
tween SRTs and PSFDs, we contend that low-level sac-
cade programming mechanisms affect PSFDs in predicta-
ble ways, which make PSFDs relevant in clinical vision
sciences where they may have a diagnostic value in some
movement disorders (e.g., Huntington’s disease, and
recessive cerebellar ataxia; see Lasker & Zee, 1997; Patel
et al., 2012; Termsarasab et al., 2015). It has also re-
cently come to our attention that there are stable individ-
ual differences in saccadic indices (Castelhano &
Henderson, 2008; Foulsham, Frost, & Sage, 2018;
Henderson & Luke, 2014). This makes the reported
asymmetry a worthwhile avenue for research on psycho-
metric dynamics. Finally, we contend that the asymmetry
in PSFDs is important for efforts aimed at modelling
when a saccade is initiated as a function of ensuing sac-
cade direction in the visual field (e.g., Laubrock et al.,
2013; Nuthmann, 2017; Nuthmann, Smith, Engbert, &
Henderson, 2010; Trukenbrod & Engbert, 2014).

Limitations

A potential limitation of the presented meta-
analysis is the small number of datasets considered.
Three moderators were not statistically significant. How-
ever, without regard to statistical significance, moderator
analyses indicated a slightly larger asymmetry for visual
search than scene viewing tasks (Ag=1.05 - .86 =.19),
unpublished than published studies (Ag=1.19 - .85 =
.34), and No Chinrest than Chinrest studies (Ag=1.13 -
.79 = .34). Perhaps most interesting from a theoretical
point of view is the potential larger effect when a chin
rest is not utilized. An ecological account of the asym-
metry in vertical PSFDs predicts that the effect should be
hindered by artificial head constraints. The availability of
a larger set of studies in the future may contribute to as-
sessing statistical significance of artificial (chinrest) con-
straints in the size of the effect.

Conclusion

We have shown that vertical visual field asym-
metry for PSFDs is robust. Despite the small number of
studies considered, it may reasonably be argued that the
benefits of the present meta-analysis far outweigh its lim-
itation. Of course, meta-analyses of the present sort may
be facilitated by the deposition of data in publicly acces-
sible databases (e.g. Dryad data repository, https://da-
tadryad.org/ ). Ideally, for each fixation, deposited data
should have at least, the components presented in italics,
below.
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<sampling rate>

<eye recorded>
<fixation_start_time_stamp> (optional)
<fixation_end_time_stamp> (optional)
<fixation_duration_in ms>
<average_horizontal _eye_position>
<average vertical_eye_position>

To conclude, we predict that the vertical visual
field asymmetry is present in datasets from other labora-
tories and encourage groups of researchers to conduct
similar meta-analyses, towards establishing trustworthi-
ness in the kinds of data used to guide computational
modelling of real-time saccadic exploration. Indeed,
“...the model and good data go hand in hand in advancing
the field.” (p. 7, Rayner, 2009). Given the theory of an
ecology-driven functional specialization of the visual
field above and below eye fixation (Previc, 1990), it may
reasonably be predicted that the asymmetry in PSFDs is
most apparent under typical environmental demands.
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Table 1
Description of tasks included in the meta-analysis. Presaccadic Fixation Durations (PSFDs) for up-directed and down-directed
saccades, and effect sizes (Hedge's g) for paired samples comparisons.

Study Condition & stimuli in study Sample  PSFD up- PSFD Difference in Hedge’sg  Std Err
Size saccades down- means
(ms) saccade
(ms) (ms)

Foulsham & 2-second viewing of natural 20 243.55 269.17 25.62 0.702 0.242
Kingstone scenes and fractals (encoding
(2010) phase)
Greeneetal, Engaged viewing of ambigu- 44 327.28 355.25 27.97 1.015 0.183
(2014) ous (Rorschach) inkblots.
Greene’s lab 15-second viewing to rate the 20 252.40 270.71 18.31 0.515 0.230
~ attractiveness of 9 urban

scenes.
Greene’s lab 15-second viewing to rate the 19 252.98 278.63 25.65 0.499 0.234
~ secureness of 9 urban scenes.
Greene’s lab Engaged viewing of univer- 8 185.91 227.49 41.58 2.539 0.708
~ sity webpages.
Strauss’ lab Passive viewing of IAPS un- 20 272.89 300.2 27.31 1.204 0.287
~ pleasant scenes.
Strauss’ lab Passive viewing of IAPS un- 19 265.02 302.36 37.34 1.527 0.331
~ pleasant scenes.
Strauss etal,,  5-second viewing of un- 25 291.77 314.82 23.05 0.552 0.209
(2016) pleasant IAPS scenes, while

distracted by thoughts of un-

related neutral objects.
Strauss etal,,  5-second viewing of un- 25 282.27 304.66 22.39 0.726 0.219
(2016) pleasant IAPS scenes, while

reappraising them to be neu-

tral.
Brown & Visual search for low contrast 18 268.08 297.77 29.69 1.218 0.303
Greene, square in a random gray-dot
(2018) display.
Brown & Visual search for low contrast 18 280.39 313.86 33.47 1.506 0.337
Greene, square in a random red-dot
(2018) display.
Greene & Visual search for low contrast 18 256.14 278.71 22.57 1.409 0.325
Brown, square in a random gray-dot
(2017) display.
Greene etal.,  Visual search for low contrast 12 213.84 255.27 41.43 1.579 0.420

(2014)

checkerboard in a random
gray-dot display.
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Greene et al,, Visual search for low contrast 24 243.18 286.52 43.34 1.822 0.329
(2014) square in a random gray-dot

display.
Greene et al,, Monocular visual search for 12 218.29 227.82 9.53# 0.577 0.293
(2013) high contrast square in a ran-

dom gray-dot display.
Greene et al,, Monocular visual search for 12 341.6 366 24.40 0.647 0.299
(2013) low contrast square in a ran-

dom gray-dot display.
Greene et al,, Visual search for high con- 11 206.92 201.69 -5.23# -0.186 0.281
(2013) trast square in a random

gray-dot display.
Greene et al., Visual search for low contrast 12 305.56 317.6 12.04# 0.306 0.276
(2013) square in a random gray-dot

display.
Greene et al,, Visual search of roadmaps. 10 242.13 257.91 15.78# 0.552 0.314
(2010)
Greene’s lab 3-second visual search-white 15 201.52 220.41 18.89 1.313 0.342
~ circles on blue background.
Greene’s lab 3-second visual search-white 15 198.24 224.16 25.92 1.553 0.374
~ circles on green background.
Greene’s lab 3-second visual search-white 15 200.31 220.96 20.65 1.411 0.355
~ circles on red background.
Greene’s lab Visual search for low contrast 15 206.02 234.46 28.44 1.296 0.340
~ square in a random gray-dot

display.
Means 247.07 272.25 25.18

Notes. ~New data.
#Non-significant paired samples t

IAPS: International Affective Picture System https://csea.phhp.ufl.edu/media/iapsmessage.html
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