@ PLOS|ONE

Check for
updates

G OPEN ACCESS

Citation: Myles O, Grafton B, Clarke P, MacLeod C
(2019) GIVE me your attention: Differentiating goal
identification and goal execution components of
the anti-saccade effect. PLoS ONE 14(9):
€0222710. https://doi.org/10.1371/journal.
pone.0222710

Editor: Alessandra S. Souza, University of Zurich,
SWITZERLAND

Received: February 27,2019
Accepted: September 5, 2019
Published: September 23, 2019

Copyright: © 2019 Myles et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All data files are
publicly available through the Open Science
Framework, and are available from: osf.io/xd7hc.

Funding: This work was supported by Australian
Research Council Grants DP170104533 and
FL170100167 (https://www.arc.gov.au/), and an
Australian Government Research Training Program
(RTP) Scholarship (https://www.education.gov.au/
research-training-program). The funders had no
role in study design, data collection and analysis,

RESEARCH ARTICLE

GIVE me your attention: Differentiating goal
identification and goal execution components
of the anti-saccade effect

Owen Myles®'*, Ben Grafton', Patrick Clarke?, Colin MacLeod'

1 Centre for the Advancement of Research on Emotion, the University of Western Australia, Perth, Western
Australia, Australia, 2 Curtin University, Bentley, Western Australia, Australia

* owen.myles @research.uwa.edu.au

Abstract

The anti-saccade task is a commonly used method of assessing individual differences in
cognitive control. It has been shown that a number of clinical disorders are characterised by
increased anti-saccade cost. However, it remains unknown whether this reflects impaired
goal identification or impaired goal execution, because, to date, no procedure has been
developed to independently assess these two components of anti-saccade cost. The aim of
the present study was to develop such an assessment task, which we term the Goal Identifi-
cation Vs. Execution (GIVE) task. Fifty-one undergraduate students completed a conven-
tional anti-saccade task, and our novel GIVE task. Our findings revealed that individual
differences in anti-saccade goal identification costs and goal execution costs were uncorre-
lated, when assessed using the GIVE task, but both predicted unique variance in the con-
ventional anti-saccade cost measure. These results confirm that the GIVE task is capable of
independently assessing variation in the goal identification and goal execution components
of the anti-saccade effect. We discuss how this newly introduced assessment procedure
now can be employed to illuminate the specific basis of the increased anti-saccade cost that
characterises various forms of clinical dysfunction.

Introduction

Individuals differ in their cognitive control capability [1,2]. Investigators interested in such
individual differences have developed a shared interest in a widely-used assessment approach
known as the anti-saccade task. In this task, participants must initially attend to a central fixa-
tion cross, often displayed for varying temporal durations across successive trials. Next, a sin-
gle visual object stimulus (e.g. a shape such as a solid oval) is presented to either the left or
right side of the screen. Immediately upon its presentation, participants are required to make a
saccadic response either towards or away from this visual object, depending on block condi-
tion. On “pro-condition” blocks, participants must execute a saccadic shift towards the visual
object, whereas on “anti-condition” blocks, they must instead execute a saccadic shift away
from the visual object, towards the opposite side of the screen. Making a saccadic response
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away from the visual object is challenging, and so participants are generally slower to make the
required saccade in anti-condition blocks compared to pro-condition blocks, with the magni-
tude of this difference depending on the specific task parameters employed and the cognitive
load carried by participants while performing the task [3-6]. This slowing of response times in
the anti-condition compared to pro-condition is referred to as the anti-saccade cost.

It has repeatedly been demonstrated that this anti-saccade cost is increased in people with
certain clinical disorders, including emotional disorders [7], neurological disorders [8], and
developmental disorders [9]. For example, compared to healthy controls, individuals diag-
nosed with various forms of emotional dysfunction such as major depression [7] and anxiety
[10,11], or suffering from neurological disorders such as Parkinson’s disease [8], or with devel-
opmental disorders such as autism spectrum disorders [9], exhibit heightened anti-saccade
cost. Investigators have highlighted the potential applied importance of such findings, suggest-
ing that the assessment of anti-saccade cost may help to improve diagnostic accuracy and/or
serve as a marker of disease progression [12]. More important still, it has been argued that the
cognitive anomalies that serve to increase anti-saccade cost in such cohorts may also contrib-
ute to their dysfunctional symptoms [13], making anti-saccade cost a candidate therapeutic
target in cognitively focussed interventions.

Hence, there are good reasons for seeking to understand the cognitive basis of this anti-sac-
cade cost effect. Many researchers argue that anti-saccade costs are lowest in those with the
greater inhibitory attentional control [14], and so attribute elevated anti-saccade cost to
impairments in inhibitory attentional control [15]. However, other investigators suggest alter-
native conceptions of the processes that underpin anti-saccade cost [16]. For example, some
accounts are quite general in nature, such as the suggestion that variation in anti-saccade cost
reflects individual differences in fluid intelligence or global processing speed [17,18]. Other
accounts are more specific, such as the idea that performing an anti-saccade requires the time-
consuming inversion of the pre-potent saccadic movement vector, in order to compute and
control execution of the opposing saccadic movement vector [19].

Despite the differences between alternative accounts, investigators agree that performance
on the anti-saccadic task must logically involve two key components processes [3-5]. Specifi-
cally, performing this task requires participants to: i. correctly identify whether to saccade to
the right or to the left (i.e. saccadic goal identification); and ii. swiftly and successfully execute
this saccadic goal (i.e. saccadic goal execution). In the anti-saccade task, as soon as the visual
object appears, the participant must first identify whether their goal is to saccade to the left or
to the right (which will depend on where this visual object appears, and whether the trial is
given on the pro-condition or anti-condition). Then the participant must swiftly execute this
saccadic goal, by making a saccade either to the left or to the right side as required. Thus, the
slowing observed in the conventional anti-saccade task, on anti-condition relative to pro-con-
dition blocks, could reflect a combination of two quite differing effects; slowing to formulate
the correct saccadic goal, or slowing to implement this saccadic goal, in the former relative to
the latter condition. It follows from this that elevations in anti-saccade cost could be driven by
a deficit in anti-saccade goal identification, or a deficit in anti-saccade goal execution, or both.

However, our ability to differentiate these two candidate loci of variation in the magnitude
of the anti-saccade effect has been hindered by the fact that current assessment approaches
cannot yield independent sensitive measures of variation in anti-saccade goal identification
and in anti-saccade goal execution components of anti-saccade task performance. Thus, it
remains unknown whether previously observed clinically-linked elevations in anti-saccade
cost result from inflated anti-saccade goal identification cost, from inflated anti-saccade goal
execution cost, or both. The capacity to independently assess individual differences in these
two facets of anti-saccade cost would enable investigators to more precisely pinpoint the locus
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of the elevated anti-saccade cost that characterize different clinical disorders. In addition to
advancing understanding by illuminating underlying mechanisms, this may also yield applied
benefits, by identifying the precise mechanism(s) that could most usefully be targeted in thera-
peutic interventions designed to enhance cognitive control in such cohorts.

The aim of the present study was to develop a novel assessment task capable of indepen-
dently and sensitively assessing individual differences in anti-saccade goal identification and
goal execution, which we term the Goal Identification Vs. Execution (GIVE) task. The GIVE
task comprises two subtasks. One subtask, which we label the Saccadic Goal Identification Sub-
task, is designed to measure the speed with which participants can identify, when the visual
object stimulus appears, whether the appropriate goal is to saccade to the left or to the right
side. Similar to keyboard based versions of the anti-saccade task, such as that employed by
Hunt & Klein [20] and others [5], or visual Simon tasks [21], participant responses depended
on the position of the visual object. However, in this saccadic goal identification subtask, par-
ticipants did not make a saccadic response, but kept their gaze fixed on the centre of the screen.
Instead, they were required to respond only by indicating the direction in which they would
move their eyes if they were completing the equivalent trial on the conventional anti-saccade
task. This subtask permits assessment of the degree to which correct saccade goal identification
is slowed in anti-condition blocks compared to pro-condition condition blocks, without the
measure being contaminated by variation in speed of saccadic goal execution, as no saccade is
executed in this subtask.

The other subtask, which we label the Saccadic Goal Execution Subtask, is designed to mea-
sure the speed with which participants can execute a predetermined saccadic goal (implement-
ing a preceding instruction to saccade to the left or to the right), at the time point when the
visual object appears, regardless of its location. By varying the object position, it is sometimes
the case that the execution of this predetermined goal of saccading either left or right will
involve the participants making a saccade towards the visual object (pro-condition), and some-
times it will involve making a saccade away from the visual object (anti-condition). Hence, this
subtask permits assessment of the degree to which saccadic goal execution is slowed in anti-
condition blocks compared to pro-condition condition blocks, without the measure being
contaminated by variation is speed of formulating the goal of saccading left or right, as this sac-
cadic goal is formulated prior to trial onset in this subtask.

We delivered the GIVE task, along with a conventional anti-saccade task, to a sample of
undergraduate student participants. We first sought to determine whether our participant
sample displayed the expected slowing of response latencies on anti-condition blocks, relative
to pro-condition blocks, on the conventional anti-saccade task. We next went on to determine
whether our participants displayed slowing of response latencies on anti-condition blocks, rel-
ative to pro-condition blocks, on the saccadic goal identification and/or on the saccadic goal
execution subtasks of the GIVE. Finally, we went on to empirically evaluate: i. whether slowing
observed on anti-condition blocks compared to pro-condition blocks, in the two subtasks of
the GIVE, were independent of one another, and ii. whether slowing observed on anti-condi-
tion blocks compared to pro-condition blocks, in the two subtasks of the GIVE task, predicted
independent variance in the anti-saccade cost effect observed on the conventional anti-saccade
task.

Method
Participants

Fifty-one participants were recruited from the University of Western Australia undergraduate
participant pool, and received course credit for their participation (M,g, = 20.10, SD = 4.65,
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range = 17-23, 39 female). In a multiple regression with two predictor variables, this number

of participants provides the capacity to detect effects that fall above f* = .20, with a probability
greater than .80, at an alpha level of .05 [22]. All participants had normal or corrected-to-nor-
mal vision at the time of completing the experiment.

Apparatus

Task stimuli were presented on a 24" widescreen LCD monitor. Participant eye-gaze was mon-
itored using a desk mounted Eye-Link 1000 Plus eye-tracking system, running at 1000 Hz. Sti-
muli presentation was controlled using the Experiment Builder software package (SR Research
Ltd, Mississauga, Canada).

Assessment tasks

Conventional anti-saccade task. The present anti-saccade task was closely based on the
approaches employed by Derakshan and colleagues [10,23]. Each trial commenced with the
presentation of a fixation cross in the centre of the screen, for either 1000ms, 1500ms, or
2000ms, with equal probability. Participants were required to maintain continuous eye-gaze
on this fixation cross in order for the fixation cross to disappear, and the trial to proceed. Fol-
lowing fixation cross offset, a single visual object stimulus was presented for 600 ms, posi-
tioned with equal frequency either 130mm to the left or right of screen centre. This visual
object stimulus was a solid white oval (H = 63mm; W = 35mm). Immediately upon presenta-
tion of this oval stimulus, the participant was required to make a saccadic movement. The spe-
cific saccadic movement required was determined by instructions delivered prior to each
block of trials. On pro-condition trial blocks, participants were required to shift their gaze left
or right when the stimulus appeared left and right respectively (i.e. to make a saccade towards
the oval stimulus). On anti-condition trial blocks, participants were required to shift their gaze
right or left when the stimulus appeared left and right respectively (i.e. to make a saccade away
from the oval stimulus). The response latency to successfully perform the required saccadic
movement was recorded. The next trial commenced 500ms later. In total, six blocks of 12
trials were presented across the anti-saccade task. Half of the blocks were delivered in the pro-
condition, and the other half were delivered in the anti-condition. These blocks of trials were
delivered in a random order. It was expected that participants would be slower to make the
required saccadic response on anti-condition blocks than on pro-condition blocks.

Goal Identification Vs. Execution (GIVE) task. Saccadic Goal Identification Assess-
ment Subtask: This subtask was designed to assess individual differences in the relative speed
to correctly identify whether the goal was to execute a saccadic to the left or to the right, on
anti-condition trial blocks compared to pro-condition trial blocks, without the need to actually
execute these saccadic goals. The physical and temporal characteristics of each trial were the
same as in the conventional anti-saccade task. However, in this subtask, participants had to
keep their eye-gaze fixed in the centre of the screen for the duration of the trial, and were
required only to indicate the direction of the saccadic movement that would have been
required had this trial been delivered in that condition of the conventional anti-saccade task
(which they had just completed). On half the blocks, participants were told to indicate the
direction that their gaze would have been required to move in the pro-condition of the con-
ventional anti-saccade task. On the other half of the blocks, participants were told to indicate
the direction that their gaze would have been required to move in the anti-condition of the
conventional anti-saccade task. They responded using the keyboard, by pressing the left or
right arrow button to indicate the direction of the saccade goal they identified as being the
requirement. The latency and accuracy of this keyboard response was recorded. In total, six
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blocks of 12 trials were presented across this subtask, three blocks delivered in the pro-condi-
tion and three in the anti-condition trials. These blocks of trials were delivered in a random
order. It was expected that participants would be slower to correctly identify the saccadic goal
in anti-condition blocks, than to correctly identify the saccade goal in the pro-condition
blocks.

Saccadic Goal Execution Assessment Subtask: This subtask was designed to assess indi-
vidual differences in relative slowing to correctly execute the predetermined saccadic goal of
making a saccade either to the left or right, when this happened to result in a saccade away
from a presented oval stimulus (anti-condition blocks) or a saccade towards a presented oval
stimulus (pro-condition blocks). Again, the physical and temporal characteristics of each trial
were the same as those in the conventional anti-saccade task. The key methodological differ-
ence was that, in this subtask, prior to the commencement of each trial, participants were
explicitly told whether their goal was to make a saccadic shift to the left or to the right as soon
as the oval appeared (regardless of its position on screen). On half of the blocks, participants
were instructed that their goal was to make a saccade to the left as soon as the oval appeared.
On the other half of the blocks, they were instead instructed that their goal was to make a
saccade to the right as soon as the oval appeared. On half of the trials within a block, the oval
stimulus appeared in the opposite side of the screen to the location that participants had the
goal of saccading towards (anti-condition trials). On the other half of the trials within a block,
the oval stimulus appeared in the same location that participants had the goal of saccading
towards (pro-condition trials). In total, six blocks of 12 trials were presented across this sub-
task, and these blocks of trials were delivered in a random order. Speed and accuracy of sac-
cadic responses were recorded. It was expected that participants would be slower to correctly
execute their predetermined goal of shifting their gaze to the left or right screen location on
anti-condition trials than on pro-condition trials.

Procedure

This study was approved by the UWA Human Research Ethics Committee (RA/4/1/5243).
Participants provided written consent and were tested individually. To minimise head move-
ments during eye-tracking, the participant was positioned in a head-rest affixed 60 cm from
the computer monitor. The Eyelink 1000 Plus was calibrated for each new participant. Calibra-
tion was conducted using nine calibration points, and drift correction was performed prior to
each block of trials. Participants were then given instructions for the conventional anti-saccade
task, before completing two blocks of six practice trials (six pro-condition trials and six anti-
condition trials), with corrective feedback. Upon completion of these practice trials, the assess-
ment trials for the conventional anti-saccade task were delivered. Next, participants were given
instructions for the GIVE task. Participants always completed one of the GIVE subtasks before
the other, with the order of these subtasks counter-balanced across participants. Two blocks of
six practice trials (six pro-condition trials and six anti-condition trials) of the upcoming sub-
task were always delivered prior to the participant completing the assessment trials of that sub-
task. Eye-tracker calibration was checked after each block of trials, and corrections to the
calibration made as required. Upon completion of the GIVE task, participants were thanked
for their participation and debriefed.

Statistical methods

We first sought determine whether each of our sub-tasks demonstrated the slowing of
response latencies usually observed on the conventional anti-saccade task. This was achieved
by comparing response latencies on pro-condition trials with response latencies on anti-
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condition trials, using a series of within-subjects t-test. Next, we calculated an index of the
anti-condition cost shown by each participant on each subtask, by subtracting their average
response time for that task delivered in pro-condition from their average response time when
the task was delivered in anti-condition. We proceeded to determine whether there was a cor-
relation between the anti-condition cost indices on the two sub-tasks of the GIVE, before then
conducting the planned multiple regression analysis, to determine whether independent vari-
ance in anti-saccade cost observed on the conventional anti-saccade was predicted by the two
anti-condition cost measures provided by the GIVE task, respectively reflecting cost in terms
of saccadic goal identification and cost in terms of saccadic goal execution.

Results

One participant was excluded from data analysis due to difficulties in tracking their eye-move-
ments. In keeping with data cleaning approach adopted by Derakshan et al [10], for each
experimental task, only the first response made by the participant was included in the data
analysis, and responses that were incorrect, anticipatory responses, or responses that occurred
after the oval stimulus was cleared from the screen, were eliminated from analysis. Anticipa-
tory responses were defined, using Derakshan et al.’s [10] criterion, as responses less than
83ms. Across the tasks, this led to the exclusion of 7.9% of responses. On the Anti-Saccade
Goal Identification subtask, trials on which the participant failed to comply with the instruc-
tion to keep their eye-gaze fixed in the centre of the screen for the duration of the trial were
eliminated. This led to the exclusion of 2.1% of responses.

We first sought to determine whether participants in our sample exhibited the expected
slowing on anti-condition trials, relative to pro-condition trials, when performing the conven-
tional anti-saccade task. Response times on both pro-condition trials and on anti-condition
trials were found to demonstrate high reliability, indicated by Spearman-Brown split-half reli-
ability co-efficients of .95, p < .001, and .97, p < .001, respectively. Mean response time was
178.45 ms (SD = 36.56) on pro-condition trials, and 255.71 ms (SD = 36.56), on anti-condition
trials. A paired-samples t-test revealed that this slowing on anti-condition trials compared to
pro-condition trials was statistically significant, t (49) = 17.15, p < .001, confirming that partic-
ipants demonstrated the usual anti-saccade cost on this conventional anti-saccade task.

We then examined response times on each of the GIVE sub-tasks. In the saccadic goal iden-
tification sub-task, response times again demonstrated high reliability both in the pro-condi-
tion trials and in the anti-condition trials, demonstrated by Spearman-Brown split-half
reliability coefficients of .93, p < .001, and .94, p < .001, respectively. Mean response time
was 391.58 ms (SD = 44.37) on pro-condition trials, and 412.27 ms (SD = 41.70) on anti-condi-
tion trials. This difference in means was shown to be statistically significant, using a paired-
samples t-test, t (49) = 5.33, p < .001. Thus, participants were generally slower to correctly
identify whether their goal was to shift their gaze to the left or right, when this saccadic goal
identification subtask was delivered in the anti-condition than when it was delivered in the
pro-condition.

Next, response times obtained on the saccadic goal execution subtask of the GIVE were
examined. Once again, the response times demonstrated high reliability both in the pro-condi-
tion trials and the anti-condition trials, with Spearman-Brown split-half reliability coefficients
of .93. p < 0.001, and .95, p < 0.001, respectively. Mean response time on this subtask was
175.62 ms (SD = 25.97) in the pro-condition, and 220.75 ms (SD = 30.84), in the anti-condi-
tion, with a paired-samples t-test confirming that this represents significantly slower respond-
ing on anti-condition trials than on pro-condition trials, f (49) = 18.87, p < .001. This
indicates that participants were relatively slower to execute the predetermined goal of making
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a saccadic to the right or left, when such saccadic goal execution required making a saccade
away from the oval stimulus rather than towards it.

Together, these findings confirm that participants exhibited the expected patterns of
response slowing, in the anti-condition compared to the pro-condition, not only on the con-
ventional anti-saccade task, but also on both sub-tasks of the GIVE, respectively assessing sac-
cadic goal identification and saccadic goal execution. We went on to determine whether
individual differences in the magnitude of this response slowing in the anti-condition com-
pared to the pro-condition were independent across the two GIVE subtasks. To do this, we
computed an index of the anti-condition cost not only on the conventional anti-saccade task
(anti-saccade cost; Spearman-Brown split-half reliability = .94), but also on the saccadic goal
identification sub-task of the GIVE (anti-saccadic goal identification cost; Spearman-Brown
split-half reliability = .67) and on the saccadic goal execution sub-task of the GIVE (anti-sac-
cadic goal execution cost; Spearman-Brown split-half reliability = .62), as described in the
Method section. Pearson’s correlation analysis revealed no evidence of an association between
these two index scores, r = -.03, p = .84, suggesting that these two GIVE sub-task cost indices
vary independently of each other. This conclusion was supported by the outcome of a Bayesian
correlation. The resulting Bayes Factor of BF;, = 5.56 represents substantial support for the
null hypothesis [24], and lends further weight to the independence of the two cost indices pro-
vided by the GIVE task.

As planned, we went on to examine whether variation in each of these two cost indices
yielded by the GIVE, respectively reflecting anti-saccadic goal identification cost and anti-sac-
cade goal execution cost, accounted for independent variance in the anti-saccade cost observed
on the conventional anti-saccade task. Specifically, the anti-saccade cost index scores obtained
using the conventional anti-saccade task scores were entered as the dependent variable in a
regression analysis, with the anti-saccadic goal identification cost index scores and anti-sac-
cadic goal execution cost index scores obtained using the GIVE sub-tasks simultaneously
entered as independent variables. The overall model was significant, F (2, 49) = 6.53, p = .003,
R’ = .22. This indicates the overall model accounted for 22% of the variance in anti-saccade
cost. Moreover, the GIVE task anti-saccade goal identification cost index scores, t (49) = 2.11,
p =.040, B = 272, and the GIVE task anti-saccade goal execution cost index scores, ¢ (49) =
3.00, p = .004, B = .387, each did indeed predict independent variance in the anti-saccade cost
index scores obtained using the conventional anti-saccade task, accounting for 7% and 15% of
the variance in anti-saccade cost respectively. The relationship between anti-saccade cost on
the conventional anti-saccade task and the GIVE task measures of anti-saccade goal identifica-
tion cost and anti-saccade goal execution cost is shown in Figs 1 and 2 respectively. This pat-
tern of results supports the capacity of the GIVE tasks to measure independent variance in the
saccadic goal identification component and in the saccadic goal execution component of anti-
saccade task performance. Furthermore, this demonstrates that individual differences in both
component processes assessed by the GIVE contribute to variation in the anti-saccade cost
effect commonly observed on the conventional anti-saccade task.

It is possible that the cost indices yielded by the conventional anti-saccade task, and by the
two GIVE sub-tasks, might all be greater in people who have slower overall processing speed,
and such differences in processing speed could potentially drive the observed association
between these cost measures. In order to address this possibility, we carried out mediation
analyses to determine whether the association between the anti-saccade cost index scores, and
each of the GIVE sub-task cost index scores, reflected the mediating influence of overall
response speed, as indexed by average RT latency across all trial types. The outcome of these
analyses revealed that the association between the anti-saccade cost index scores and the anti-
saccade goal identification cost index scores was not significantly mediated by overall
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Fig 1. Scatterplot of association between anti-saccade goal identification cost index and conventional anti-saccade cost index,
showing line of best fit.
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processing speed (Sobel test = .977, p = .33, bootstrap confidence interval = -.11 to .13).
Bootstrap confidence intervals of the indirect effect were obtained using 5000 bootstrap sam-
ples. Further, the association between the anti-saccade cost index and the anti-saccade goal
execution cost index also was not significantly mediated by overall processing speed (Sobel

.00 20.00 40.00 60.00 80.00 100.00

Anti-Saccade Goal Execution Cost Index

Fig 2. Scatterplot of association between anti-saccade goal execution cost index and conventional anti-saccade cost index,
showing line of best fit.

https://doi.org/10.1371/journal.pone.0222710.9002
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test = -.36, p = .72. bootstrap confidence interval® = -.49 to .30). Thus, this pattern of findings
suggest that the observed association between these cost measures is not driven by individual
differences in overall processing speed.

Discussion

The aim of this study was to develop and evaluate a new assessment approach, capable of inde-
pendently assessing variation in saccadic goal identification and saccadic goal execution. Our
findings show that the measures of anti-saccade goal identification cost and anti-saccade goal
execution cost yielded by our newly developed GIVE task were uncorrelated with one another,
and Bayesian analysis further supports the conclusion that no such association exists. The
absence of an association between these two cost indices cannot be attributed to the insensitiv-
ity of one or other measure, perhaps reflecting reduced sensitivity when a key press response
or eye-tracking is used to compute the cost index. Such an explanation is incompatible with
the observation that each cost measure yielded by the GIVE task accounted for statistically sig-
nificant independent variance in the anti-saccade cost effect observed on the conventional
anti-saccadic task. Thus, taken together, this pattern of findings suggests that the GIVE task is
capable of differentiating and sensitively assessing the individual differences in saccadic goal
identification, and in saccadic goal execution, that independently contribute to anti-saccade
cost in the widely-used anti-saccade task. This discussion will briefly consider the implications
of the present demonstration that variability in goal identification and goal execution sepa-
rately contribute to variation in anti-saccade cost, before highlighting the potential value of the
GIVE task in pinpointing the loci of the elevated anti-saccade costs known to characterize a
number of clinical conditions.

It will be important to ensure that the present pattern of findings can be replicated by other
investigators. In part, this is likely to depend on the reliability of the GIVE task. While the pres-
ent study demonstrates that response latencies and index measures on both GIVE sub-tasks
are characterized by acceptable internal reliability for cognitive tasks [25], determining their
test-retest reliability will require appropriate extensions of the present work, that employ mul-
tiple assessment sessions. Should future research confirm the replicability of the presently find-
ings, then it is reasonable to suppose that understanding of the conventional anti-saccade
effect will be enhanced by illuminating the basis of variation in saccadic goal identification and
saccadic goal execution. It seems likely that each of these two component processes will them-
selves reflect the operation of subsidiary cognitive mechanisms that, in time, can be empirically
distinguished and independently assessed. For example, it seems reasonable to suppose that
the process of saccadic goal identification within the anti-saccade task could be further broken
down into the sub-components of coding the location of the visual object stimulus, accessing
the task instruction for that trial block (concerning whether to shift gaze towards or away from
the displayed object), and computing from these two sources of information whether the cor-
rect saccadic goal on the current trial is to saccade left or saccade right. Hence, individual dif-
ferences in the saccadic goal identification component of the anti-saccade cost effect could
potentially reflect the independent contributions of variability in each of these subsidiary pro-
cesses. We encourage future researchers to continue the conceptual delineation of such com-
ponent processes, while also developing novel assessment methodologies that can differentially
assess these components, in order to construct a comprehensive understanding of the pro-
cesses that contribute to variability in anti-saccade cost. For the moment, by enabling the dis-
crete assessment of individual differences in saccadic goal identification and in saccadic goal
execution, the newly developed GIVE task provides researchers with the capacity to illuminate
the basis of the elevations in anti-saccade cost observed across differing clinical conditions.
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Although there are a wealth of previous findings demonstrating increased anti-saccade cost
in people with certain clinical conditions, the limitations of previous assessment approaches
have made it impossible to determine whether this reflects a deficit in anti-saccadic goal identi-
fication, a deficit in anti-saccadic goal execution, or both. For example, the increased anti-sac-
cade cost evident in people with Parkinson’s disease [8] could reflect a deficit in anti-saccade
goal identification due to the cognitive restrictions evident in this disease [26], or may result
from a deficit in anti-saccade goal execution due to the degeneration of oculomotor control
that accompanies the disease [27]. By employing the GIVE task in future research studies to
assess anti-saccade cost in these populations, and in other populations also characterized by
increased anti-saccade cost (e.g. individuals with autism spectrum disorders, anxiety & elderly
populations [7,9,10,28], it will become possible to identify which of these component processes
is compromised in each of these conditions. Interventions designed to attenuate or reverse
such deterjoration in cognitive control then can target the precise mechanisms that underpins
the particular problems experienced by each population of interest.

Future research of the type described will serve to pinpoint the loci of the elevated anti-sac-
cade costs known to characterize different clinical conditions. But, for the moment, the work
reported in this paper has given rise to a new assessment approach that can sensitively assess
the individual differences in saccadic goal identification, and in saccadic goal execution, that
independently contribute to variation in the anti-saccade cost effect observed on the conven-
tional anti-saccadic task. We hope that the GIVE task will now enable researchers to refine our
knowledge of the mechanisms that underpin increased the anti-saccade cost evident across a
number of important clinical disorders, in ways that will advance understanding and inform
intervention approaches.
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