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Abstract 

Individual differences in the ability to control visual attention, often termed ‘attentional 

control’, have been of particular interest to cognitive researchers. This has led to the 

development of numerous tasks intended to measure attentional control, including the 

antisaccade task. While attentional performance on the antisaccade task is typically indexed 

through the recording of eye movements, increasingly researchers are reporting the use of 

probe-based methods of indexing attentional performance on the task. Critically, no research 

has yet determined the convergence of measures yielded by each of these assessment 

methods, nor compared the reliability of these measures. The purpose of the present study 

was to examine whether antisaccade cost measures yielded by a probe-based adaptation of 

the task converge with antisaccade cost measures yielded by an eye movement task in the 

sample of individuals, and whether these alternative approaches have comparable levels of 

psychometric reliability. Ninety-three individuals completed an eye movement task and a 

probe-based task at two assessment times, and an index of antisaccade cost was computed 

from each task at each assessment time. Analyses revealed that the antisaccade cost index 

yielded by each task demonstrated high internal reliability (eye-movement, rSB = .92; probe-

based, rSB = .80-.84) and high test-retest reliability (eye-movement, rSB = .82; probe-based, rSB 

= .72), but modest measurement convergence (r = .21-.35). Findings suggest that probe-based 

and eye-movement based antisaccade tasks measure shared variance in attentional control, 

though their measures do not converge strongly enough to be considered equivalent 

measures of attentional control. 
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Introduction 

For decades researchers have been interested in differences in the operation of 

cognitive processes across individuals, and much of this research has focused on attentional 

processing of visual information. Specifically, individual differences in the ability to control 

visual attention, often termed ‘attentional control’, have been of particular interest to 

researchers. Researchers’ interest in attentional control has led to the development of 

specific tasks intended to measure this attentional ability. One such task, described by Hallet 

(1978), is the antisaccade task. In this task participants start each trial with their attention 

on a central fixation point, then a visual stimulus abruptly appears either to the left or right 

side of visual fixation. Depending on trial type, participants are required to either orient 

their gaze towards this stimulus (i.e., make a prosaccade), or away from this stimulus (i.e., 

make an antisaccade) as quickly as possible. With the assumption that the abrupt onset of 

the stimulus will encourage a reflexive orientation of gaze toward its location (see 

Remington, Johnston, & Yantis, 1992), it is believed that an attentional shift away from the 

stimulus will require attentional control. Consistent with this assumption, participants 

typically take longer to make the antisaccade response than the prosaccade response, and 

this slowing is referred to as the “antisaccade cost”. Because this antisaccade cost will be 

lowest in people who have the greatest ability to successfully implement attentional 

control, the magnitude of the antisaccade cost is used to provide an index of an individual’s 

ability to effectively execute attentional control. 

Based on this reasoning, the antisaccade task has been widely used in studies that 

seek to assess the association between a wide variety of psychological variables and 

individual differences in attentional control (see Hutton, 2008 and Hutton & Ettinger, 2006 

for in-depth reviews). These include studies assessing the deficits in attentional control 
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associated with particular types of neuro-behavioural functioning (Currie et al., 1991; 

Guitton et al., 1985; Kitagawa et al., 1994; Pierrot-Deseilligny, 1994; Vidailhet et al., 1994), 

psychological disorders, such as schizophrenia (Calkins et al., 2004; Fukushima et al., 1988), 

and heightened levels of anxiety (Ansari & Derakshan, 2010; Basanovic et al., 2018; 

Derakshan, Ansari, et al., 2009) and depression (De Lissnyder et al., 2012; Jazbec et al., 

2005; Smyrnis et al., 2003). 

Most studies that have used the antisaccade task have assessed performance through 

the direct recording of eye movement latencies or the rate of erroneous eye-movement 

responses using specialized eye tracking systems. However, several researchers have 

described methods of indexing performance on adaptations of this task that do not involve 

the recording of eye movement, but instead employ probe discrimination latencies as the 

dependent measure of interest. For example several studies have, in addition to recording 

eye movements, described indexing antisaccade costs by computing the degree to which 

participants are slower to discriminate the identity of a target probe presented distal to the 

abrupt onset stimuli during antisaccade trials, than to discriminate the identity of a target 

probe presented proximal to the abrupt onset stimulus during prosaccade trials (Ansari et 

al., 2008; Derakshan, Ansari, et al., 2009; Klapetek et al., 2016; Wright et al., 2014). Other 

researchers have opted to employ probe-based assessment methods without also recording 

eye movement (Basanovic et al., 2017; Friedman & Miyake, 2004; Kane et al., 2001; Miyake 

et al., 2000; Unsworth et al., 2011). Under probe-based methods, the magnitude of slowing 

to correctly discriminate the identity of target probes distal from the abrupt onset stimulus 

on antisaccade trials, as compared to discriminating target probes proximal to the location 

of this stimulus on prosaccade trials, serves to reveal individual differences in ability to 

execute attentional control. 
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Importantly, though some researchers have used attentional probes in an attempt to 

differentiate attention allocation from saccade execution (Klapetek et al., 2016), commonly 

researchers adopting probe-based methods to index attentional control have assumed that 

the measures yielded by this method reflect the same variation in attentional control that is 

indexed by methods that assess eye movements. However, given that experimental 

research has demonstrated that it is possible for individuals to orient attention without the 

presence of corresponding eye movements (Remington, 1980; Shepherd et al., 1986), this 

assumption is not necessarily valid. 

Another reason why probe-based and eye movement-based assessment methods may 

also not yield equivalent measures of attentional control is that each type of measure will 

be affected by different types of error variance. For example, in eye movement assessment 

methods noise will be introduced into the antisaccade cost index of attentional control by 

variance in speed to simply execute the necessary ocular-motor movement (Myles et al., 

2019). Conversely, in probe-based assessment methods noise will be introduced by variance 

in the time taken to perceptually discriminate a probe’s identity, and by variance in basic 

speed to execute a finger pressing response. These alternative sources of noise will 

differentially impact on the capacity of eye movement and probe discrimination latency 

measures to sensitive index participants’ attentional control ability. Nonetheless, the 

relative ease and cost-effectiveness with which the probe-based adaptation of the 

antisaccade task can be deployed, without the need for specialised equipment to assess eye 

movement, renders this approach of considerable potential value to researchers wishing to 

investigate individual differences in attentional control. Consequently, probe-based 

adaptations of the antisaccade paradigm have been increasingly adopted by researchers.  
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Recognising the potential utility and efficiency of antisaccade assessment procedures 

that do not use eye movement recording, some researchers have directly compared 

measures yielded by eye movement recording with measures yielded by recording of 

manual responses (Brett & Machado, 2017). Brett and Machado observed that, though 

statistically significant, the association between antisaccade cost indices yielded by saccade 

latencies and manual response latencies was small (r = .24). This finding was consistent with 

the proposal that antisaccade cost index in each task reflected the same inhibitory control 

processes. Importantly however, the method adopted by Brett and Machado (Brett & 

Machado, 2017) for assessing performance via manual responses did not require 

participants to execute eye movements in order to manually respond to discriminate the 

identity of probes on each trial, but rather required participants to simply indicate the 

direction that they would move their gaze in order to execute a correct prosaccade or 

antisaccade. Given that researchers have identified processes of attentional goal 

identification and execution provide independent contributions to antisaccade performance 

(Myles et al., 2019), it possible that the association observed between manual responses 

and eye movements by Brett and Machado (Brett & Machado, 2017) does not reflect the 

strength of the association that would be observed if the manual response task necessitated 

eye movements in a manner similar to the traditional antisaccade task. 

Critically however, no study has yet investigated the degree to which probe-based 

adaptations of the antisaccade paradigm reflect the same variation in attentional control 

that is revealed by the traditional antisaccade task. Contrasting these two assessment 

approaches will serve to determine the validity of the assumption that these methods 

assess the same variation in attentional control. Thus, the aim of the present study was to 

examine whether the index of attentional control yielded by a probe-based adaptation of 
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the antisaccade task converges with the index of attentional control provided by the 

traditional eye movement-based antisaccade task, and whether these alternative measures 

have comparable levels of psychometric reliability. To do so, the present study recruited 

individuals to complete both tasks, and an index of antisaccade cost was computed from 

each. One task indexed antisaccade cost by computing the degree to which the latency to 

execute an instructed eye movement directed away from an abrupt onset stimulus was 

slower than the latency to execute an instructed eye movement directed toward this abrupt 

onset stimulus. The other task indexed antisaccade cost by computing the degree to which 

participants were slower to discriminate the identity of a visual target presented distally 

from an abrupt onset stimulus when instructed to attend away from this stimulus, than to 

discriminate the identity of a visual target presented proximal to an abrupt onset stimulus 

when they are instructed to attend towards this stimulus. Analyses determined the degree 

to which the antisaccade cost indices provided by each task converged. Further analyses 

compared the internal consistency of these two antisaccade cost indices, and their test-

retest reliability over two assessments.   

Methods 

Stage 1 Registered Protocol 

The Stage 1 In-Principle Accepted registered protocol can be accessed via PsyArXiv at 

the following URL (https://psyarxiv.com/ursbj/). Program files for the attention assessment 

tasks can be accessed via the Open Science Framework at the following URL 

(https://osf.io/xyvme/). 

Power analysis 

Power analysis was computed using the R package ‘pwr’ (Champely, 2018; R 

Development Core Team, 2018). A power analysis was conducted to determine the number 

https://psyarxiv.com/ursbj/
https://osf.io/xyvme/
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of participants required to provide 90% power (1 – β = 0.90), with a one-tailed test of 

statistical significance set at p < .05, to detect a correlation of at least r = .30. This effect size 

is smaller than r = .50, commonly considered to represent a minimum acceptable level of 

convergent validity (Carlson & Herdman, 2012). Thus, this effect size was considered to 

reflect the smallest correlation of interest for the purpose of determining whether measures 

from the two tasks converged enough to be considered equivalent measures of attentional 

control. This power analyses revealed a minimum sample size of 92 participants would be 

required. 

Participants 

One hundred and five participants were recruited through advertisement to the 

cohort of undergraduate psychology students at The University of Western Australia. All 

recruited participants were between the ages of 18 and 30 years and reported normal vision 

or corrected-to-normal vision. Ninety-three participants (Age: M(SD) = 19.10(1.82), Range = 

18-28 years; Gender: 55 Female, 37 Male, 1 Other), were included in statistical analysis after 

applying the registered participant exclusion criteria (see Participant Exclusion subsection of 

Results section). 

Materials 

Apparatus.  All tasks were developed using Experiment Builder 2.2.61 (SR Research 

Ltd, Mississauga, Canada). The tasks were run on a desktop PC and presented on a 

widescreen 24-inch monitor at a resolution of 1920 x1080 pixels. Participants’ head 

movements were stabilised with a chinrest mounted at a 60 cm viewing distance from the 

monitor screen. Participants’ eye movements were recorded using a desk-mounted SR 

Research EyeLink 1000 that recorded monocular gaze at 1000Hz with 0.25˚ accuracy and 

0.01˚ spatial resolution. Eye movements were recorded using pupil centre corneal reflection 
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standardised via a nine-point calibration procedure. A standard QWERTY keyboard with USB 

connection was used to collect manual responses.  

Attentional control assessment tasks. Two tasks were deployed. The parameters of 

each task were closely matched, but critical differences in their design reflected the 

assessment of either eye movement or probe discrimination latency to compute an 

antisaccade cost index believed to reflect attentional control. The design parameters 

common to both tasks will next be described, followed in turn by a description of 

parameters unique to each task. A schematic representation of each task is present in Figure 

1. 

Design parameters common to both tasks. In both tasks, trials were presented upon a 

black background. Each trial commenced with the presentation of a white fixation cross in 

the centre of the computer screen. A gaze contingency algorithm was implemented such 

that the trial would not proceed from this point until a fixation was detected at the location 

of the cross, otherwise the cross remained on the screen until an appropriate fixation was 

detected. Once gaze was directed to the fixation cross, the cross remained on screen for 

1000 ms, 1500 ms, or 2000 ms with equal frequency. Upon offset of this fixation cross a 

solid white oval shaped stimulus (H = 63 mm, W = 35 mm) was abruptly presented on screen 

for 600 ms. The stimulus was presented 130 mm to the left, or 130 mm to the right, of the 

fixation point with equal frequency. This distance resulted in 12 degrees of visual angle 

between the central fixation point and the stimulus at a viewing distance of 60 cm. This 

eccentricity value falls within the range of eccentricity values commonly used by other 

investigators assessing the antisaccade effect, which have varied from 8 to 20 degrees of 

visual angle (Ansari et al., 2008; Berggren et al., 2011; Brett & Machado, 2017; Chen et al., 

2014; Derakshan, Ansari, et al., 2009; Derakshan, Salt, et al., 2009; Manoach, 2004; 
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Manoach et al., 2002). Previous research has demonstrated the presently adopted 

eccentricity capable of detecting antisaccade effects (Cornwell et al., 2012; Myles et al., 

2019). At the onset of the abrupt stimulus participants were required to execute the 

instructed attentional response. 

Trials in each task were presented in two conditions. In one condition, labelled the 

‘antisaccade condition’, participants were instructed to “look” at the opposite side of the 

screen to the stimulus as soon as it was presented. In the other condition, labelled the 

‘prosaccade condition’, participants were instructed to “look” at the stimulus as soon as it 

was presented.  

Each task presented 96 experiment critical trials across eight blocks of 12 trials each. 

Four blocks presented trials in the antisaccade condition, and four blocks presented trials in 

the prosaccade condition. The order of the trial blocks was counterbalanced across 

participants such that participants started with the antisaccade or prosaccade condition of 

each task with equal frequency. Each block was preceded by instructions informing the 

participant of the required action for trials in the upcoming block. 

For each task, the index of attentional control was labelled the antisaccade cost index. 

This index was computed by subtracting the mean latency to correctly respond on trials in 

the prosaccade condition, from the mean latency to correctly respond on trials in the 

antisaccade condition. Thus, for each task higher scores on this index represent greater 

slowing to correctly respond in the antisaccade compared to the prosaccade condition, and 

so reflect relatively poorer attentional control. 

Eye movement latency assessment task. The eye movement latency assessment task 

reflects the traditional eye movement approach to the antisaccade paradigm. Thus, this task 
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assessed the degree to which participants were slower to execute required saccadic 

movements in the antisaccade condition as compared to the prosaccade condition.  

Across trials in the antisaccade condition participants were required to execute a 

saccadic eye movement away from the abrupt onset stimulus as soon as it was presented, 

to the opposite screen region. Instructions for these trials informed participants to 

“immediately look at the opposite side of the screen when the stimulus is presented”. 

Across trials in the prosaccade condition participants were required to execute a saccadic 

eye movement towards the abrupt onset stimulus as soon as the stimulus was presented. 

Instructions for these trials informed participants to “immediately look at the shape when 

the stimulus is presented”. 

During both types of trials, a saccade-contingency procedure detected the conclusion 

of an eye movement response in the correct direction. Upon detection the stimulus 

remained on screen for 500ms, after which the screen was cleared. A 500ms inter-trial 

interval preceded the commencement of the next trial. 

For trials delivered in each condition the latency and accuracy of saccadic responses 

was recorded by the experiment software. Response latencies were determined by 

measuring the initiation latency, in milliseconds, of participants’ first saccade eye movement 

executed after the appearance of the abrupt onset stimulus. A saccade was defined as an 

eye movement that exceeded a 30˚s-1 velocity threshold and 8000˚s-2 acceleration 

threshold, was greater than 3˚ in amplitude, and was directed within 45˚ from the horizontal 

plane of the initial fixation location. Saccades were excluded from analysis if they reflected 

an eye movement to an incorrect location. Remaining saccades were excluded if they were 

initiated earlier than 80 ms following the appearance of the abrupt onset stimulus. Finally, 

remaining saccades were excluded if their initiation latency fell beyond 2.58 standard 
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deviations above the mean of the participant’s initiation latencies within each trial 

condition. 

Probe discrimination latency assessment task. The probe discrimination latency 

assessment task reflects an adaptation to the antisaccade paradigm that does not measure 

eye movement. The probe discrimination latency assessment task assessed the degree to 

which participants were slower to discriminate the identity of a visual target presented 

distal to the abrupt onset stimulus, labelled the antisaccade condition, as compared to the 

identity of a visual target presented proximal to the abrupt onset stimulus, labelled the 

prosaccade condition. Visual targets were a small arrow, 5 mm in length, that was oriented 

to point upwards or downwards with equal frequency. 

Instructions for trials in the antisaccade condition informed participants to 

“immediately look at the opposite side of the screen and identify the direction the arrow is 

pointing when the stimulus is presented”. Instructions for trials in the prosaccade condition 

informed participants to “immediately look at the shape and identify the direction the 

arrow is pointing when the stimulus is presented”. 

Participants were required to discriminate the orientation of the target by pressing 

the corresponding arrow key on the computer keyboard. Upon executing the discrimination 

response, the screen was cleared, and the next trial will commence after a 500 ms delay1. 

For trials in each condition the latency and accuracy of responses was recorded by the 

experiment software. Response latencies were operationalised as the latency, in 

milliseconds, between the presentation of the probe and the execution of a probe 

 

1 On the basis of published data from studies employing similar probe-based and eye-movement based 
methodological approaches, it appears that performing manual response typically takes around 250ms longer 
than performing the saccadic response (Ansari et al., 2008; Derakshan, Ansari, et al., 2009). This suggests that 
blocks of trials in the probe discrimination latency task will last approximately 3 seconds longer than blocks in 
the eye-movement latency assessment task. 



A COMPARISON OF ATTENTIONAL CONTROL TASKS      11 

 

discrimination response on the keyboard. Individual probe discrimination latencies were 

excluded from analysis if they reflected an incorrect discrimination response. Remaining 

discrimination latencies were excluded if they were occurred at a latency beyond 2.58 

standard deviations below, or above, the mean of the participant’s discrimination latencies 

within each trial condition. 

Procedure 

All procedures described were approved by the Human Research Ethics Committee at 

the University of Western Australia. Prior to recruitment, participants were briefed that the 

study seeks to examine patterns of visual information processing across different attention 

assessment conditions and provided an information sheet that informed them of the 

requirements involved in participation. 

Prior to commencement of the assessment session, participants provided informed 

consent to participate and basic demographic information. The experiment session 

comprised two consecutive assessment periods, labelled Assessment Time 1, and 

Assessment Time 2, respectively. During Assessment Time 1, participants completed each 

attention assessment task in an order that was counterbalanced across participants. All 

participants were then provided a five-minute break. In Assessment Time 2, participants 

again completed each task in the same order. These assessment periods allowed an 

examination of the test-retest reliability of the two attention assessments.  

In each assessment time participants were provided with task instructions verbally by 

the experimenter, and by text presented on screen. Before starting experiment critical trials, 

participants completed a practice version of each assessment task. Each practice task 

comprised one block of trials each for the prosaccade and antisaccade conditions. At this 

point, in the case that a participant was unable to comprehend the requirements of the 
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tasks, or unable to register a recordable gaze signal during the initial gaze calibration 

procedure, the experiment session was discontinued, and the participant’s data was 

excluded from any analysis. 

The length of the experiment session was 60 minutes. The experimenter monitored 

participants’ performance and eye movements from a second computer in the same room 

as the participant. Once both assessment times were complete the experiment session 

concluded and the experimenter verbally debriefed participants concerning the aim of the 

experiment and participants were provided this information in writing. 

Results 

Data availability 

Data and analysis scripts can be accessed via the Open Science Framework at the 

following URL (https://osf.io/xyvme/). 

Participant Exclusion 

Two participants who did not complete the entire study protocol and one participant 

who reported misunderstanding the task instructions, were excluded from statistical 

analyses. As the primary focus of the study was to compare indices of task performance 

across the two tasks, a list-wise exclusion method excluded remaining participants if they 

demonstrated a response error rate on the eye movement latency assessment task or probe 

discrimination latency assessment task that was more than 2.58 standard deviations below 

the mean accuracy rate for the respective task across all participants, or if they yielded a 

number of valid trials that was less than 2.58 standard deviations below the mean number 

of valid trials yielded by participants for the respective task. These criteria resulted in 

exclusion of nine additional participants. Thus, 93 participants were included in the 

statistical analyses conducted and reported below. 

https://osf.io/xyvme/
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Statistical Analyses 

The objectives of the statistical analyses were to compare the respective reliability of 

the antisaccade cost index yielded by each task, and to determine the degree of 

convergence between these two indices. The reliability of the task measures was 

determined by examining the internal consistency of antisaccade cost indices yielded by 

each task, and the consistency of the antisaccade cost indices yielded by each task across 

the two assessment times. The convergence between the antisaccade cost indices yielded 

by each task was determined by examining the correlation between the antisaccade cost 

indices yielded by each task at each assessment time. Because the observed correlation 

between any measures that are not completely internally consistent will underestimate the 

true correlation between the underlying constructs assessed by these measures (Goodwin & 

Leech, 2006; Schmidt & Hunter, 1999), correlations conducted to assess test-retest 

reliability and measurement convergence were also computed while incorporating 

Spearman’s ‘correction for attenuation’, labelled r(corrected), which accounts for imperfect 

internal consistency within the correlated variables. Unless otherwise stated, statistical 

significance was determined using a two-tailed alpha criterion of p < .05. 

Descriptive statistics.  Descriptive statistics concerning response latency and accuracy 

recorded under the antisaccade and prosaccade trial conditions of each task, at each 

assessment time, are presented in Table 1. 

Assessment of internal consistency of each antisaccade cost index. To measure the 

internal consistency of the antisaccade cost index yielded by each assessment task at each 

assessment time, a series of multiple permutation split-half correlations were conducted2. 

 

2 Multiple permutation analyses were conducted using the R package splithalf (Parsons, 2021) 
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This approach splits each participant’s trial data into two randomly selected halves and 

computes the antisaccade cost index for each half, followed by a computation of the 

Spearman-Brown adjusted correlation coefficient between these indices across all 

participants. This process is repeated across 5000 randomly selected split-half trial 

combinations. The measure of internal consistency is then determined by computing the 

mean and 95% confidence interval of the distribution of correlations coefficients observed 

across the split-half trial combinations. Thus, for each task a higher mean estimate and 

narrower 95% confidence interval reflects a greater level of internal consistency.  

The results of these analyses revealed that the internal consistency of antisaccade cost 

index scores yielded from the eye movement latency assessment task at each assessment 

time was high, Assessment Time 1 rSB = .92, CI95%[.89, .94], Assessment Time 2 rSB = .92, 

CI95%[.90, .95]. The internal consistency of antisaccade cost index scores yielded by the 

probe discrimination latency assessment task at each assessment time was also high, 

Assessment Time 1 rSB = .84, CI95%[.79, .89]; Assessment Time 2 rSB = .80, CI95%[.71, .87]. 

Thus, together these analyses revealed that antisaccade cost index scores yielded by each 

assessment task, at each assessment time, demonstrated a high level of internal 

consistency. 

Assessment of test-retest reliability of each antisaccade cost index. To measure the 

test-retest reliability of the antisaccade cost index yielded by each assessment task, for each 

task the correlation between the index scores yielded at Assessment Time 1 and Assessment 

Time 2 were computed. The results of these analyses revealed the index scores yielded from 

the eye movement latency assessment task to have high test-retest reliability across the two 

assessment sessions, r(91) = .82, CI95%[.74, .88], p < .001, r(corrected) = .89, CI95%[.80, .97]. The 

test-retest reliability of index scores yielded from the probe discrimination latency 
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assessment task was also high, r(91) = .72, CI95%[.60, .80], p < .001, r(corrected) =.88, 

CI95%[.73, .98]. Thus, these analyses revealed that antisaccade cost index scores yielded by 

each assessment task demonstrated a high level of test-retest reliability. 

Assessment of convergence of individual differences in antisaccade cost indices.  

Convergence between antisaccade cost index scores yielded by the eye movement latency 

assessment task and by the probe discrimination latency assessment task was examined by 

computing the correlation between the antisaccade cost indices yielded by each task at 

each assessment time. Statistical significance for these analyses was determined using a 

one-tailed alpha criterion of p < .05. 

These analyses revealed a statistically significant correlation between antisaccade cost 

index scores yielded by each task at Assessment Time 1, r(91) = .21, CI95%[.01, .40], p(1-tailed) = 

0.021, r(corrected) = .24, CI95%[.01, .46], and at Assessment Time 2, r(91) = .35, CI95%[.16, .52], p(1-

tailed) < 0.001, r(corrected) = .41, CI95%[.19, .61]. Thus, at each assessment time the index scores 

yielded by the assessment tasks demonstrated a statistically significant association, which 

indicates measurement convergence. However, the strength of the association between the 

measures was low to moderate. 

Discussion 

The aim of the present study was to examine whether the index of attentional control 

yielded by a probe-based variant of the antisaccade task converges with the index of 

attentional control yielded by an eye movement-based antisaccade task, and whether these 

alternative measures have comparable levels of psychometric reliability. The study recruited 

individuals to complete both tasks, and an index of attentional control labelled the 

‘antisaccade cost index’ was computed from each. Analyses first examined the internal 

consistency and test-retest reliability of the antisaccade cost indices produced by each task 
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at each assessment time. Next, analyses examined the strength of the association between 

the indices yielded from each task at each assessment time to determine the degree to 

which the measures converged. 

Common guidelines for research measures in psychological science have suggested 

intracorrelation coefficients of .70 represent minimal acceptable levels of internal 

consistency (see Ponterotto & Ruckdeschel, 2007). Under such guidelines, the internal 

consistency of both the eye movement latency assessment task and the probe 

discrimination latency assessment task was acceptable at each assessment point. Analysis 

also demonstrated large correlations between measures yielded from repeated assessment 

of each task and so indicated that each task demonstrated a high level of test-retest 

reliability. Of primary importance to the aim of the study, analyses revealed that 

antisaccade cost indices yielded by the eye movement latency assessment task and the 

probe discrimination latency assessment task demonstrated a statistically significant 

correlation within each assessment time, and so indicted measurement convergence. These 

results are consistent with the proposal that measures yielded from eye-movement and 

probe-based variants of the antisaccade task reflect a shared source of individual variation 

in attentional control performance. Notably however, the strength of the association 

between these measures was modest, indicating that each measure also reflects a 

considerable proportion of variance that is not shared across tasks. 

While the present study demonstrated the internal consistency of both assessment 

tasks to be acceptable, evaluation of the confidence intervals of the estimates indicates the 

probe-based assessment task holds a lower level of internal consistency. This observation is 

consistent with results observed across previous studies. For example, studies measuring 

antisaccade cost index scores yielded by eye-movement antisaccade tasks have previously 
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reported internal consistency estimates ranging from rSB = 0.92 to 0.94 (Myles et al., 2019, 

2020). In contrast, recent studies have reported internal consistency estimates yielded by 

probe-based variants of the antisaccade that are nominally lower (rSB = 0.59; Basanovic et 

al., 2021). It is important to note, however, that such comparisons have been limited by the 

fact that they are drawn from different methodological designs and sample sizes. The 

present study resolved this limitation by employing highly consistent task designs in a single 

participant sample, and so enables a more robust comparison of the internal consistency of 

each assessment task. Of course, variation in the methodological parameters employed in 

the probe-based variant of the antisaccade task (e.g., stimulus presentation durations, or 

characteristics of the abrupt onset stimulus or target probes) may impact the internal 

consistency of the measure produced. Thus, future researchers should take care to ensure 

that decisions regarding these parameters are carefully considered. Nonetheless, the 

alignment of the present finding with these previous observations supports the conclusion 

that probe-based variants of the antisaccade task demonstrate reduced, but still acceptable, 

internal consistency as compared to eye-movement-based variants.  

The assessment of test-retest reliability of each task measure revealed both tasks to 

hold a high level of reliability across assessment times. Confidence intervals of the test-

retest correlations of each task demonstrated significant overlap and so indicated that the 

level of reliability was comparable between tasks. Nonetheless, it is important to consider 

that the evaluation of test-retest reliability was conducted on assessments that were 

separated by minutes. It is unknown how the comparison test-retest reliability of the tasks 

may differ when greater lengths of time separate repeated assessments. Thus, researchers 

who repeatedly administer a probe-based antisaccade assessment task over longer 

timeframes may observe different levels of reliability.  
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The statistically significant but modest correlation between eye-movement and probe-

based task measures in the present study indicates that measures yielded by each task 

reflect some shared variance, but also a notable amount of unshared variance. Future 

research could usefully seek to determine whether measurement convergence of eye-

movement and probe-based antisaccade tasks can be enhanced by identifying and 

eliminating or controlling for sources of unshared variance between tasks. For example, 

sources of unshared variance specific to probe-based tasks would include individual 

variation in the time taken to determine the identity of the target probe and execute the 

required manual response once attention has been allocated to it. In some cases, 

investigators have sought to control for such interindividual differences between 

participants (Basanovic, Kaiko, et al., 2021), while other researchers have sought to 

eliminate them entirely from the method of measurement (Basanovic, Todd, et al., 2021; 

Roberts et al., 1994). Alternatively, researchers can, where practical, compute latent 

variables that represent the variance shared across multiple measures of antisaccade 

performance (Nishimura et al., 2020). However, this aim is achieved, the effective control or 

elimination of unshared variance between eye-movement and probe-based assessment 

tasks would potentially improve the convergence of their measures and enhance the utility 

of probe-based tasks in the assessment of attentional control. 

When considering the present findings, it is important to note that this present study 

did not examine the relative sensitivity of the probe-based assessment task to sources of 

within-individual and between-individual variation in antisaccade performance as revealed 

by eye-tracking assessment tasks. For example, using eye-tracking assessment procedures 

researchers have demonstrated influences of sleep deprivation (Bocca et al., 2014) and 

emotional states (Basanovic, Kaiko, et al., 2021; Myles et al., 2020) on within-individual 
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change in antisaccade performance. Other researchers have determined antisaccade 

performance is influenced by sources of individual difference, such as emotional 

vulnerability (Ansari & Derakshan, 2010; Basanovic et al., 2018; Derakshan, Salt, et al., 

2009), psychopathology (Calkins et al., 2004; Fukushima et al., 1988), and age (Olincy et al., 

1997). While the present findings suggest that probe-based approaches may also be 

sensitive to such influences, this will depend on the degree to which these influences are 

associated with the source of shared measurement variance between tasks, as compared to 

the source of unshared variance. Efforts to enhance the degree of variance shared between 

eye-movement and probe-based assessment tasks will likely enhance the degree to which 

probe-based antisaccade measures are sensitive to variation in within- or between- 

individual differences. Research that compares the relative sensitivity of each task variant to 

individual differences known to be associated with eye-movement assessment measures 

would inform upon the utility of probe-based antisaccade measures for within- and 

between- individual differences research. 

For the moment however, the present study demonstrated that measures of 

attentional control performance yielded by probe-discrimination latency assessment 

variants, and by eye-movement assessment variants of the antisaccade task, each exhibit 

acceptable levels of internal consistency and high levels of test-retest reliability, indicating 

that both are psychometrically reliable methods of assessing individual differences in 

attentional control. Moreover, the study revealed that measures yielded by a probe-

discrimination latency assessment task demonstrated a statistically significant, though 

small, degree of measurement convergence with an eye-movement latency assessment 

task. This finding indicates that probe-based and eye-movement based assessment tasks 

measure shared variance in attentional control, though measures from each task do not 
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converge strongly enough to be considered equivalent measures of attentional control. It is 

hoped that these findings will usefully inform researchers who seek to investigate individual 

differences in attentional control through the evaluation of antisaccade performance.
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Figure 1  

Schematic example of trials in each antisaccade task, under each trial condition. Objects in figure not to scale. 
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Table 1 

Descriptive statistics of measures of response latency and accuracy recorded under the anti-saccade and prosaccade trial conditions of each task administered 
during each assessment time of the experiment session; N = 93. 

   Response Latency 
(milliseconds) 

 Response Accuracy 
(prop. correct) 

Assessment Task Assessment 
Time Trial Condition M SD Paired t-test 

(Pro-saccade, Anti-saccade) 

 
M SD 

Eye-movement 
assessment task 

Time 1 Anti-saccade Cost Index 70.07 25.58 t(92) = 26.42, p < .001, dz = 2.74    
Pro-saccade 173.97 20.52   .99 .03 
Anti-saccade 244.03 27.71   .90 .10 

Time 2 Anti-saccade Cost Index 70.37 26.53 t(92) = 25.58, p < .001, dz = 2.65    
Pro-saccade 173.52 23.01   .99 .02 
Anti-saccade 243.89 29.09   .91 .08 

Probe discrimination 
assessment task 

Time 1 Anti-saccade Cost Index 18.58 40.17 t(92) = 4.46, p < .001, dz = 0.46    
Pro-saccade 632.38 46.88   .98 .02 
Anti-saccade 650.96 56.74   .97 .02 

Time 2 Anti-saccade Cost Index 11.25 33.26 t(92) = 3.26, p = .002, dz = 0.34    
Pro-saccade 625.17 38.50   .98 .02 
Anti-saccade 636.42 48.27   .98 .02 

 

 


	Abstract
	Introduction
	Methods
	Stage 1 Registered Protocol
	Power analysis
	Participants
	Materials
	Apparatus.
	Attentional control assessment tasks.
	Design parameters common to both tasks.
	Eye movement latency assessment task.
	Probe discrimination latency assessment task.


	Procedure

	Results
	Data availability
	Participant Exclusion
	Statistical Analyses
	Assessment of internal consistency of each antisaccade cost index.
	Assessment of test-retest reliability of each antisaccade cost index.
	Assessment of convergence of individual differences in antisaccade cost indices.


	Discussion
	References
	Figure 1

