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Abstract
Background: Brain function in schizophrenia has been probed using saccade paradigms and functional magnetic
resonance imaging, but little information exists about how changing task context impacts saccade related brain activation and behavioral performance. We recruited schizophrenia and comparison subjects to perform saccade tasks
in differing contexts: (1) two single task runs (anti- or pro-saccades alternating with fixation) and (2) one dual task run
(antisaccades alternating with prosaccades).
Results: Context-dependent differences in saccade circuitry were evaluated using ROI analyses. Distinction between
anti- and pro-saccade activation across contexts (single versus dual task) suggests that the schizophrenia group did
not respond to context in the same way as the comparison group.
Conclusions: Further investigation of context processing effects on brain activation and saccade performance measures informs models of cognitive deficits in the disorder and enhances understanding of antisaccades as a potential
endophenotype for schizophrenia.
Keywords: Schizophrenia, Context, fMRI, Antisaccades, Prosaccades
Background
Context processing is defined as the ability to recognize
and maintain information necessary for the execution of
task-relevant responses [1]. Context manipulations can
range in specificity from using previously encountered
stimuli within a task, to more global instances of using
task instructions to bias responses and guide behavior
[2]. People with schizophrenia show impairments in context processing [2–5]. These deficits are apparent when
tasks involve suppression of prepotent responses in reference to contextual cues and are related to deficits in the
functioning of prefrontal cortex (PFC) and its circuitry
[1, 4, 6–10].
Saccade tasks are useful paradigms for studying context processing deficits in schizophrenia. Saccades
are fast eye movements that redirect gaze and require
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either a stimulus-driven glance toward (prosaccade), or
a controlled glance away (antisaccade), from a suddenly
appearing peripheral stimulus. Studies using functional
magnetic resonance imaging (fMRI) have shown that
saccade circuitry includes a number of cortical and subcortical regions, although antisaccades typically require
greater activation in existing circuitry, as well as recruitment of additional regions, such as PFC [11–14]. People
with schizophrenia show relatively preserved prosaccade performance and poor antisaccade performance,
evidenced by higher error rates, slower correct response
times [15–17] and under-activation of associated control
regions, including PFC [12, 18, 19]. Furthermore, deficits
in antisaccade performance and associated brain activation may be considered endophenotypes for schizophrenia [20, 21], making investigation of context-dependent
effects on saccade performance measures and brain activation an important area of study.
One means of manipulating context in saccade paradigms is via the presentation of single and dual task runs.

© 2016 The Author(s). This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Rodrigue et al. Behav Brain Funct (2016) 12:19

A single task run consists of one saccade type (blocks of
anti- or pro-saccades alternating with blocks of fixation,
e.g. AS-Fix-AS-Fix), whereas a dual task run consists of
two saccade types (blocks of antisaccades alternating with
blocks of prosaccades, e.g. AS-PS-AS-PS). This type of
context processing is reflective of more global processes,
where task instructions are used to bias certain behavioral responses. Results of Dyckman et al. [22] demonstrate
that when anti- and pro-saccades are performed in single
vs. dual task runs in healthy people, there are quantifiable differences in saccade circuitry activation. Regions
that show greater anti- than pro-saccade activation in the
single task runs, do not always show the same pattern in
the dual task run. Context processing deficits associated
with saccade tasks in schizophrenia have been reported in
studies using electroencephalography (EEG) and magnetoencephalography (MEG). When anti- and pro-saccade
trials are performed in the same run, people with schizophrenia show smaller neural differentiation between cues
that signal different trial types [23–25]. These studies,
however, only evaluate differences between anti- and prosaccades when they are performed in the same run and/
or focus on a more specific type of context processing: cue
responses to individual trials. This differs from the more
global evaluation of context in Dyckman et al. [22].
The primary goal of this study is to quantify context
processing of saccade tasks in schizophrenia by comparing behavioral performance and associated brain activation in single saccade task runs versus a dual saccade
task run using fMRI (similar to Dyckman et al. [22]). To
document context-dependent differences in saccade circuitry, we evaluate the blood oxygen level dependent
(BOLD) signal using region of interest (ROI) analyses.
We hypothesize that people with schizophrenia will fail
to show differentiation in saccade circuitry activation
based on contextual information.

Methods
Subjects

We recruited thirty DSM-IV-TR diagnosed schizophrenia subjects (age M = 37.8 years, SD = 10.5; 60 % male,
27 right handed) [26] and twenty-nine comparison
subjects (age M = 36.3 years, SD = 11.2; 55 % male, 26
right handed). Comparison subjects were given the nonpatient edition of the structured clinical interview for
DSM-IV-TR [27] and the schizotypal personality questionnaire (SPQ) [28] to rule out existing psychopathology. All subjects signed an informed consent and were
screened for confounding factors: head trauma, drug use,
and/or criteria related to MRI compatibility. This study
was approved by the University of Georgia (UGA) Institutional Review Board.
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Procedure

Imaging was performed at the UGA Bio-Imaging
Research Center with a GE Excite HD 3.0T MRI scanner (Milwaukee, Wisconsin, USA). Subjects were given
task-specific instructions before being positioned in the
scanner. Heads were stabilized with foam padding and a
forehead strap. Subjects viewed stimuli through a dual
mirror box (16 cm above and in front of the eyes) on a
screen at their feet (174 cm from the nasion).
Imaging acquisition included a fast 3D T1-weighted
structural scan BRAVO protocol (TE = 4.6 ms,
TR = 10.8 ms, flip angle = 13°, matrix = 352 × 224,
FOV = 24 cm, in-slice resolution .68 × 1.07, 1.2 mm
slice thickness, 150 slices, scan time 3 min 7 s) to determine the angle of acquisition along the AC-PC line. An
additional T1-weighted 3D FSPGR sequence (TE = MinFull, TR = 7.8 ms, flip angle = 20°, matrix = 256 × 256,
FOV = 24 cm, in-slice resolution .9375 × .9375, 1.2 mm
slice thickness, 150 axial slices, scan time 6 min 20 s)
was acquired to obtain a high resolution image of subjects’ brain anatomy. Three T2*-weighted gradient echo
whole brain EPI scans also were collected (TE = 30 ms,
TR = 2000 ms, flip angle = 90°, matrix = 64 × 64,
FOV = 22 cm, in-slice resolution 3.4375 × 3.4375, 4 mm
slice thickness, 33 slices, oblique acquisition (AC-PC
aligned), 180 volumes, scan time 6 min 12 s) while eye
movements were recorded (MEyeTrack LR, SensoMotoric Instruments, Inc., Berlin, Germany). During the
three T2* scans, subjects performed two single task runs
of saccades (blocks of anti- or pro-saccades alternating
with blocks of fixation-Anti/Fix and Pro/Fix respectively)
and one dual task run of saccades (blocks of antisaccades
alternating with blocks of prosaccades-Anti/Pro). Saccade blocks in each run contained 7 trials. The Anti/Fix
and Pro/Fix runs, therefore, contained 42 trials each (6
blocks × 7 trials) and the Anti/Pro run contained 42 antisaccade trials (6 blocks × 7 trials) and 47 prosaccade trials (7 blocks × 7 trials). Run order was counterbalanced
across subjects. See Dyckman et al. [22] for saccade task
instructions. Task parameters, stimuli, and timing are
shown in Fig. 1.
Analysis
Behavior

Eye movement data were scored in MATLAB (The Mathworks Inc., Natick, MA, USA). Saccade performance
measures included percent correct (PC) [(number of correct trials/total number of usable trials) ×100] and correct reaction time (RT) (time in ms between peripheral
stimulus presentation and saccade start) for each subject
and each saccade task in the three imaging runs (Anti/Fix,
Pro/Fix, Anti/Pro). Percent of corrected errors [(number
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Fig. 1 Imaging design and stimuli. a Imaging design. Three block designed runs: two single task runs and a dual task run. There were 13 blocks in
each run, 7 fixation blocks and 6 antisaccade blocks: each block lasted 28 s for a total run time of 6 min and 4 s. b Stimuli and stimuli timing. All trials
during saccade tasks had the same timing: 2400 ms fixation stimulus, 200 ms gap, and 1400 ms peripheral stimulus. Stimuli color was used to cue
task instructions. Saccades were made ±5º or 10º in the horizontal plane. Green arrows indicate correct direction of gaze and were not visible to the
subject

of corrected errors/total number of errors) ×100] for
antisaccades also was calculated in order to assess subjects’ understanding of the task. Eye movements for 2/30
schizophrenia and 2/29 comparison subjects were not
obtained due to technical difficulties. Subjects with missing eye movement data sufficiently performed all tasks
and were included in the imaging analyses.
fMRI

Preprocessing of functional images was completed with
analysis of functional neuroimages (AFNI) [29] software
and included despiking, slice timing correction, registration to a representative volume for movement, alignment of functional data to anatomy, smoothing with a
4 mm full-width at half-maximum (FWHM) Gaussian
filter, and scaling each voxel to a mean of 100. Functional
images for each subject were masked using the subject’s anatomical image and warped to talairach space
in preparation for reference function estimation via a
probabilistic independent component analysis (PICA)
(using MELODIC [30] in FMRIB Software Library [31]).
Blocked design fMRI data is commonly analyzed by testing voxel time courses against hypothesized reference
functions created by convolving block onsets and their

durations with the hemodynamic response. These reference functions do not fully characterize the data, however, and are likely unrealistic when modeling data with
multiple contributing sources of signal and noise [32].
We used PICA to obtain a data-driven reference function
for use in a later GLM analysis, similar to that suggested
in McKeown et al. [32]. PICA was chosen for reference
function estimation because of its agnostic approach and
its ability to reduce problems of overfitting, which can be
the case when using hypothesis driven reference functions and GLM methods [30]. Furthermore, analyses in
the present study were meant to closely match those in
Dyckman et al. [22] to ensure comparability of results.
Each run was averaged across subjects followed by concatenation of the three runs in space. Averaging across
subjects is one alternative when estimating component
maps using ICA. With a large number of subjects, it
reduces the computational load, yet accurately estimates
associated time courses [33]. PICA returned 43 spatially
independent components. By referring to a scree plot of
the percent of variance accounted for and visual inspection of the time course for each component, we selected
the first four as ideal reference waveforms. Components
are ordered by their explained variance and ranged from
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7.91 to 1.6 %; the percentage associated with the 4th
component was 3.5 %. The first four components showed
the same peak frequency and time course as the experimental design. A GLM (using AFNI’s 3dFIM+) was then
performed for each subject between the time series of
the first four PICA components and the BOLD time
series in each voxel for each run. Movement estimates
from registration in the preprocessing stage and functions characterizing scanner drift (linear, quadratic, and
cubic) were used as regressors of no interest. For each
run, results returned a voxel-wise best fit correlation coefficient with one of the four task related components
(see Dyckman et al. [22]). From the chosen component,
percent signal change was calculated for each voxel. This
value was used to characterize activation for each run:
activation related to antisaccades compared to fixation
in the Anti/Fix run, activation related to prosaccades
compared to fixation in the Pro/Fix run, and activation
related to antisaccades compared to prosaccades in the
Anti/Pro run.
Activation in saccade circuitry was evaluated with ROI
analyses. ROIs were 8 mm spheres centered on coordinates reported in Dyckman et al. [22] and included supplementary eye fields (SEF), lateral frontal eye fields
(latFEF), medial frontal eye fields (medFEF), prefrontal
cortex (PFC), precuneus, cuneus, middle occipital gyrus
(MOG), inferior parietal lobule (IPL), striatum, and thalamus. For each individual and for each run, ROI spheres
were overlaid on functional maps. The percent signal
change from voxels encompassed by the ROI masks were
averaged and output as a single value for each ROI. The
average percent signal change across subjects was then
calculated for each ROI in each run. Differences between
anti- and pro-saccade activation in the single task runs

(Anti/Fix vs. Pro/Fix) were quantified with dependent
sample t-tests. Differences between anti- and pro-saccade activation in the dual task run were quantified with
one sample t-tests (Anti/Pro vs. 0).
The effect of context (difference in activation between
anti- and pro-saccades in the single vs. dual task run)
was evaluated with a subtraction method. Activation in
the Pro/Fix run was subtracted from that in the Anti/
Fix run for all ROIs in each subject. This difference was
compared to activation in the Anti/Pro run (because of
the block design nature, the Anti/Pro run was already the
difference in activation between anti- and pro-saccades).
To quantify significant differences between anti- and
pro-saccade activation in the single vs. dual task runs,
dependent t test were done within each group. All tests
were two-tailed and thresholds for significance were set
at p = .05.

Results
Behavior

Results are summarized in Table 1.
The schizophrenia group generated significantly more
antisaccade errors than the comparison group in both the
single and dual task runs (see Table 1 for test statistics).
Saccade performance measures did not significantly differ between the single and dual task runs in the schizophrenia group (Antisaccades: PC [t(27) = −.48, p = .64],
RT [t(25) = −.84, p = .41]; Prosaccades: PC [t(27) = 1.48,
p = .15], RT [t(26) = −.46, p = .65]) or in the comparison group (Antisaccades: PC [t(26) = −1.64, p = .11],
RT [t(25) = .68, p = .50]; Prosaccades: PC [t(26) = 1.89,
p = .07], RT [t(26) = −1.31, p = .19]). Percentage of corrected antisaccade errors was above eighty percent (SZ:
M = 84 %, SD = 25; C: M = 90 %, SD = 16) and did not

Table 1 Behavioral results summary
Percent correct

Reaction time (ms)

C (n = 27)

SZ (n = 28)

T-statistic,
p value

Cohen’s
d

C (n = 27)

SZ (n = 27)

T-statistic,
p value

Cohen’s
d

Anti/Fix

71.0 (25)

53.8 (30)

.60

287 (81)

303 (61)

Anti/Pro

76.0 (24)

55.5 (31)

t(53) = 2.2, .03*

.74

279 (68)

313 (89)

t(50) = −.82, .42

−.23

Antisaccades

Prosaccades
Pro/Fix

98.8 (1.0)

98.7 (2.1)

Anti/Pro

97.5 (4.0)

95.0 (13)

t(53) = 2.7, .01*
t(53) = .20, .84

t(53) = .95, .35

.05

175 (23)

178 (31)

.26

180 (26)

181 (34)

t(50) = −1.5, .13
t(52) = −.31, .76

t(52) = −.05, .96

−.42
−.09

−.01

Saccade performance measures showing percent correct and correct reaction time (mean (SD)) by saccade type (anti- or pro-saccade) in each of the three runs (Anti/
Fix, Pro/Fix, and Anti/Pro). T-statistics and corresponding p values are for comparisons between C and SZ groups. The SZ group made significantly more antisaccade
errors in each run. There were no significant differences across single and dual task runs for either group
C comparison group, SZ schizophrenia group
* p < .05
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significantly differ between the two groups [t(52) = 1.08,
p = .28].
fMRI
Overall results

Both the schizophrenia and comparison groups showed
greater anti- than pro-saccade activation in a majority of
ROIs, regardless of whether they were performed in the
single or dual task run, although there were two exceptions. First, in both groups, the MOG showed more prothan anti-saccade activation in the single and dual task
runs. Second, in the comparison group, the IPL showed
more anti- than pro-saccade activation in the dual task
run only.
Context results

Subjects performed saccades in two contexts: single task
runs and a dual task run. Context was evaluated by comparing the difference between anti- and pro-saccade activation in the single task runs (Fix/Anti-Fix/Pro) to that
in the dual task run (Anti/Pro). The comparison group
exhibited a consistent and robust pattern of activation
that was context-dependent across a majority of the a priori defined ROIs in that the difference between anti- and
pro-saccade activation was greater in the dual task run
than in the single task runs. The schizophrenia group did
not exhibit such a pattern. The difference between antiand pro-saccade activation was similar regardless of context for all ROIs (Fig. 2).

Discussion
Context processing deficits in schizophrenia are evidenced by poor behavioral performance and disrupted
brain activation patterns. Saccade tasks are reliably used
to probe brain function in schizophrenia and provide
a unique means by which to look at context processing
deficits in this disorder. Subjects performed saccade tasks
during fMRI in two contexts: single and dual task runs.
Context-dependent modulation of saccade circuitry in
schizophrenia and comparison groups was evaluated
using ROI analyses.
The pattern of brain activation in the schizophrenia
group was different than that demonstrated by the comparison group (Fig. 2). In the comparison group, activation was modulated by context. The dual task run was
associated with greater antisaccade activation, resulting
in larger differences between anti- and pro-saccade activation than in the single task runs. Antisaccades typically
require greater circuitry activation than prosaccades [34],
but contexts that impose a higher cognitive load, like the
Anti/Pro run, require more neural resources and result
in increased brain activation [35–38]. The schizophrenia
group did not exhibit such a pattern, and instead showed
differences between anti- and pro-saccade activation
that were similar across contexts (Fig. 2). This similarity
in the schizophrenia group could arise from increases
in both anti- and pro-saccade activation in the dual task
run (which would leave the difference between them
unchanged). People with schizophrenia show similar
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Fig. 2 Context results. Bars show average difference in percent signal change (difference in activation and SE) for each ROI. Yellow bars show the
difference between anti- and pro-saccade activation when performed in the single task runs (Anti/Fix minus Pro/Fix). Blue bars show the difference
between anti- and pro-saccade activation when performed in the dual task run (Anti/Pro). Positive values in each indicate anti- > pro-saccade
activation, negative values indicate pro- > anti-saccade activation. *p < .05
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levels of brain activity (as measured by MEG) as comparison subjects, however, for prosaccades when they are
done in the same run with antisaccades [25]. It is more
likely then that the schizophrenia group failed to increase
activation during antisaccades like the comparison group
in the dual task run. This is consistent with reports that
people with schizophrenia show less circuitry activation than comparison subjects at higher cognitive loads
[39–41]. More specific to our study design, Barbalet et al.
[42] showed people with schizophrenia exhibit similar
levels of brain activation in complex, dual-task runs as in
simple, single-task runs. People with schizophrenia often
have difficulties recruiting additional neural resources
when the cognitive load or the contextual complexity
increases [39, 41] and reach the limit of their ability to
recruit those neural resources at lower thresholds than
comparison subjects [43].
One important consideration related to the studies
cited above is that all report behavioral deficits paired
with neural under-activation in schizophrenia when
going from a simple to a more complex context [40, 41],
suggesting context was recognized, but not appropriately
invoked to cope with differing task demands. In the current study, behavioral performance for anti- and prosaccades in the schizophrenia group did not differ across
contexts. It could be that brain differences are more sensitive to context manipulations than behavior. Because of
the predictable nature of the trials in the Pro/Anti run,
behavior may have been preserved in the face of differences in brain activation.
Lack of difference between anti- and pro-saccade activation in the dual task run in the schizophrenia group
could be due to task switching deficits, although this does
not seem to be the most likely explanation. Schizophrenia subjects showed similar switch costs as comparison
subjects in both error rate and reaction time measures
for single and dual task runs (see Additional file 1). Additionally, other studies using runs including anti-and prosaccades have shown that task switching is preserved in
schizophrenia [44–46]. Our study also utilized an fMRI
blocked design. Block designs do not allow for the separation of individual trials and are sensitive to sustained activation to a train of stimuli [47]. Activation, therefore, is a
result of averaging brain responses to many closely spaced
trials and do not account for transient responses to switch
trials that may start a task block. Our results could be due
to deficits in set maintenance in schizophrenia, a related,
but distinct process from task set switching involved in
performing runs with two tasks [48]. Set maintenance
refers to the ability to regulate how much competing task
sets interfere with the present task set. Kieffaber and colleagues [49, 50] found that people with schizophrenia are
impaired in their ability to sustain encoding processes
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related to the current response implementation. This is
similar to other studies that have found intact task switching in schizophrenia, but problems in working memory
for global task context [1, 51]. This lack of sustainability may underlie the lack of antisaccade activation in the
schizophrenia group since task set maintenance results
in sustained and tonic activation (which is more likely
detectable with block designs) of brain regions that overlap with those in our study [52]. It is important to note
that studies of set maintenance deficits in schizophrenia
typically only use dual task paradigms. In this case, mixing cost effects, which are attributed to behavioral differences between single task and dual task runs, cannot be
accounted for. In our study, mixing costs were not apparent (see Additional file 1; Table 1). Furthermore, both
groups showed similar behavioral patterns across contexts
even though the schizophrenia group displayed generalized performance deficits (significantly higher error rates
and non-significantly slower RTs).
People with schizophrenia exhibited worse behavioral
performance on the antisaccade task (in both contexts),
which is consistent with other saccade studies [53]. It is
possible that lack of greater activation in the Anti/Pro
run in the schizophrenia group was due to fewer correct
trials. The schizophrenia group, however, showed similar
levels of activation as the comparison group in the Anti/
Fix run, despite similar differences in antisaccade behavior. People with schizophrenia activated the same amount
as comparison subjects in the Anti/Fix with less behavioral benefit, reflecting inefficient neural processing often
seen in schizophrenia [54]. Differing behavioral performance between the two groups, therefore, does not seem
to account for differences in Anti/Pro activation. Differences between the two groups could also be an effect of
psychotropic medication although poor context processing and associated brain dysfunction is a persistent feature in schizophrenia regardless of medication status [4,
8] and furthermore, is not a general feature of psychopathology [4, 55].
This study partially replicated results from Dyckman
et al. [22], which included healthy people performing
similar single and dual task saccade runs. That study
found neither prosaccade activation in the thalamus
or PFC in the Pro/Fix run nor a difference between antiand pro-saccade activation in the dual task run in some
ROIs. It is possible that these discrepancies were due to a
problem of underestimation in the PICA. Dyckman et al.
[22] used three PICA components in the GLM analysis.
The use of a fourth PICA component in the current study
may have accounted for additional variation, resulting
in greater measurable activation in the Anti/Pro run. It
is also true that Dyckman et al. [22] used a lower field
strength than the current study (1.5 vs. 3 T). Although
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the contributions of this variable may be small, there
are reports that frontal, thalamic, striate, and extrastriate regions may be better detected with a higher field
strength [56]. The participants in the previous study were
also all female, college-age women, whereas our sample
was community-based and had an average age of around
thirty. Sample characteristics, including those related
to age, education level, etc. may also account for study
differences.

Conclusions
Based on our imaging analyses, the schizophrenia group
did not respond to context in the same way as the comparison group. This could have been due to concomitant
increases in both anti- and pro-saccade activation or a
failure to increase antisaccade activation alone in the
schizophrenia group. We provide support for the latter,
although future studies should include runs with comparable baselines so that both anti- and pro-saccade activation can be evaluated in both contexts.
Disrupted context processing of saccade tasks in schizophrenia could have important implications. Antisaccades are considered possible endophenotypes for the
disorder and are commonly used to index cognitive control. Additionally, saccade tasks may inform research on
context processing deficits in schizophrenia, which may
contribute to a number of chronic disturbances in cognition and behavior that impact daily functioning.
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