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Abstract 

Our study investigated the effect of preparatory selective attention on encoding two target 

items (T1 and T2), causing an attentional blink effect (AB), as observed in previous studies. We 

altered participants' readiness state on a trial-to-trial basis using informative or uninformative 

cues for selective attention. Additionally, we varied their overall state of readiness by randomly 

mixing cue types (mixed cue-context) or presenting them in separate blocks (blocked cue-

context). Our findings demonstrated a clear advantage in performance when participants received 

informative cues compared to uninformative ones in the mixed cue-condition, regardless of the 

lag between T1 and T2. Notably, in the blocked cue-context condition, cueing benefits were 

limited to the shortest T1-T2 lag. This suggests that participants proactively prepared to focus on 

T1 when anticipating conflict, but the extent of this preparation varied between cue-contexts. A 

heightened state of preparation led to an overinvestment of resources to T1 encoding, which 

negatively affected T2 encoding. 
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Introduction 

Human sensory systems process vastly more information than can be analyzed 

meaningfully. Research on attention aims to understand how this sensory input is processed 

selectively. Attentional conflicts arise when goal-irrelevant information competes with goal-

relevant information for attentional priority. For example, notifications on mobile devices may 

cause attentional conflicts, and distract people from achieving a behavioural goal such as 

studying or driving. From a scientific perspective, uncovering how the human cognitive system 

adjusts attention in pursuit of goal-directed behaviour is a major challenge.  

The biased competition account points to a potential mechanism in the visual system that 

manages this challenge (Desimone & Duncan 1995; Kastner & Ungerleider, 2001). According to 

this account, competition between multiple stimuli in the visual field can be biased by bottom-up 

sensory-driven factors (e.g., stimulus salience), or by top-down influences that control selective 

attention (Kastner & Ungerleider, 2001). The latter of the two processes utilize internal goals and 

ongoing context to generate a task-set that biases information processing in service of 

behavioural goals (Miller & Cohen, 2001; Egner, 2017). For example, task-sets might describe a 

mental representation of task-relevant stimuli, responses, and their corresponding stimulus-

response mappings, all of which facilitate selection of an appropriate action in response to a 

stimulus (Monsell, 2003). This form of cognitive control thus grants us considerable behavioural 

flexibility; but how is such flexibility regulated? That is, how does the brain determine when and 

how much attentional control to apply? 

The dual mechanism of control (DMC) framework operationalizes one way in which 

such control could be instantiated (Braver, 2012). According to this framework, cognitive control 

dynamically shifts between proactive and reactive control settings in response to changing 
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environments or goals (Braver, 2012). Proactive control involves the active maintenance of 

internal goals and prepares the appropriate task-set in anticipation of upcoming attentional 

conflict (Braver et al., 2007; Shenav et al., 2013; Egner, 2014; Jiang et al., 2014; Abrahamse et 

al., 2016). In contrast, reactive control is more transient in nature, and resolves attentional 

conflict on an as-needed basis with minimal demand on mental resources. Thus, while proactive 

control grants us more behavioural efficiency, it does so at the cost of being slow and effortful. 

Of interest in the present study is the degree to which selective attention can indeed 

depend on proactive control processes. In particular, we were interested in whether people can 

utilize explicit cues that signal forthcoming conflict and adjust control proactively to minimize 

interference. Though this issue has been previously studied, most notably in the colour Stroop 

task (e.g., Bugg & Smallwood, 2016; Logan & Zbrodoff, 1982; see also Gratton et al., 1992), 

here we address this issue using an attentional blink paradigm (AB; Raymond, Shapiro, & 

Arnell., 1992). The AB refers to a decrement in identification of a second target (T2) when it is 

paired closely in time to the presentation of a first target (T1). This second target decrement is 

thought to capture the temporal limits of the deployment of selective attention (Dux & Marois, 

2009). Before introducing the AB method used in the present study, we provide a brief overview 

of the broader topic of contextual control of selective attention, and then summarize prior 

research on endogenous cueing effects on selective attention efficiency. 

Contextual control of selective attention 

Contextual control of selective attention refers to the idea that selective attention 

efficiency depends on the context in which a selective attention task is presented to participants. 

Findings that align with this idea are well-documented in the literature, and particularly so for the 

classic Stroop task (Stroop, 1935). In this task, colour naming responses are slower and less 
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accurate when the print colour and meaning of colour words mismatch (incongruent trials; e.g., 

RED printed in blue) compared to when they match (congruent trials; e.g., RED printed in red). 

This difference in performance is a highly robust finding known as the Stroop congruency effect, 

and it is attributed to limitations in the ability to selectively attend to the task-relevant stimulus 

feature (i.e., print colour of the word) due to interference from the task-irrelevant stimulus 

feature (i.e., meaning of the word). By probing factors that systematically alter the magnitude of 

the Stroop congruency effect, we can then make inferences about processes that control selective 

attention. The widest known example is perhaps the list-wide proportion congruency effect 

(LWPCE). 

The LWPCE refers to the finding that the Stroop congruency effect is smaller when items 

are presented in a mostly incongruent relative to mostly congruent list or block (Logan and 

Zbrodoff, 1979; Lowe and Mitterer, 1982; Lindsay and Jacoby, 1994; Kane and Engle, 2003; 

Bugg et al., 2011; for a review see Bugg & Crump, 2012). Similarly, a LWPCE manipulation has 

also been shown to attenuate the congruency effect in the Erikson flanker task (Bugg & 

Gonthier, 2020). Although there has been debate about the precise mechanisms underlying the 

LWPCE, there is clear evidence for a cognitive control account, which posits that the degree to 

which task-relevant information (e.g., target colour) and task-irrelevant information (e.g., 

distractor word) are processed is adjusted based on the overall likelihood of encountering 

conflict (Suh & Bugg, 2021). Thus, in a mostly incongruent condition, the word dimension is 

processed to a lesser degree than in a mostly congruent condition (Melara & Algom, 2003). Yet 

the mechanisms that bring about different levels of attentional control in the different task 

contexts remain the target of rich theoretical debate.  
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 One possible mechanism relies on list-level information such as the likelihood of 

occurrence of trial types. According to this expectancy-driven mechanism, participants 

completing trials in a mostly congruent or incongruent block develop explicit knowledge of the 

likelihood of conflict on incongruent trials, which leads them to strategically alter attention in 

advance of stimulus presentation (Lindsay & Jacoby, 1994; Lowe & Mitterer, 1982; Suh & 

Bugg, 2021). Therefore, in a mostly incongruent block, where incongruent trials are expected, 

participants may proactively filter out word information to minimize interference, whereas in a 

mostly congruent list, they may bias attention to the word as an effective strategy for the 

expected congruent trial. This idea that participants adapt attentional control explicitly and 

strategically in response to the task context aligns well with a proactive account of control 

(Braver et al., 2007).  

 Although a strategic explanation seems both parsimonious and intuitive, there are other 

competing accounts for the LWPCE. One particularly impactful idea is the conflict adaptation or 

conflict monitoring account which attributes the LWPCE, at least in part, to a reactive control 

mechanism (Botvinick et al., 2001). According to this model, in addition to strategic adjustments 

of attention at the start of the experiment in order to achieve task goals, the cognitive system 

continues to dynamically adapt attentional control on a trial-to-trial basis throughout a task. To 

this end, conflict monitoring is thought to be triggered in reaction to previous conflict, consistent 

with reactive control of attention as described under the DMC framework. This account is 

substantiated by the finding of sequential effects in conflict tasks wherein congruency effects are 

reduced following incongruent compared to congruent trials (for reviews see Duthoo et al., 2014; 

Egner, 2007).  
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 The possibility that LWPCE manipulations produce effects that are caused by local trial-

to-trial adaptive control mechanisms is supported by the fact that LWPCE manipulations 

introduce local trial sequence differences across conditions. Specifically, for mostly incongruent 

lists, incongruent trials more often follow incongruent trials than congruent trials. Similarly, for 

mostly congruent blocks, incongruent trials more often follow congruent trials than incongruent 

trials. If these differences in local trial sequences impact performance, and if these impacts on 

processing are unrelated to proactive shifts in strategies, then smaller congruency effects for 

mostly incongruent than for mostly congruent blocks does not necessarily require an 

interpretation in terms of proactive control.  

 Another finding that points to a form of reactive rather than proactive control is the 

context specific proportion congruency effect (CSPCE; Crump et al., 2006). The CSPCE is the 

observation that congruency effects are still reduced when mostly congruent and mostly 

incongruent trials are randomly intermixed and only distinguished by a secondary contextual 

cue. For example, Crump et al. (2006; Experiment 2A) used a prime-probe version of the Stroop 

task, whereby a color-word (prime) was presented briefly in black and was followed by a colored 

rectangle (probe) that appeared randomly either above or below fixation. On each trial, the probe 

was shown in one of two screen locations and, unbeknownst to the participants, location was 

predictive of the proportion of incongruent trials (or conflict-likelihood). Across trials, probe 

location was randomized, therefore participants could not form accurate expectations for 

likelihood of probe congruency. Despite this, the congruency effect was smaller for items in the 

mostly incongruent location (25% congruent trials) compared to items in the mostly congruent 

location (75% congruent trials). Parallel findings of this nature have been observed in the more 

conventional Stroop paradigm (Bugg et al., 2008), and in the flanker task using different types of 
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contextual cues (Corballis & Gratton, 2003; Wendt et al., 2008; Lehle & Hübner, 2008). A key 

contribution of these studies is that they rule out the possibility that this type of contextual 

control is mediated by explicit expectancies (i.e., proactive control). 

They key takeaway from this section is that, although LWPCE manipulations could 

possibly index proactive control, they are confounded by the presence of congruency sequence 

effects. This allows for the possibility of other control mechanisms; most viable of which include 

adaptive reactive control processes that accounted for the CSPCE to also contribute to the 

LWPCE. These issues highlight the need for methods other than those used to study the LWPCE 

to investigate the degree to which expectancy-based proactive control processes contribute to 

cognitive control over attentional conflict.  

Endogenous Cueing of Congruency 

An alternative approach to exploring the role of proactive control in selective attention is 

to manipulate participants’ expectation of conflict without altering the balance of congruent and 

incongruent trials within a list. For example, using Stroop stimuli, Entel et al. (2014; see also 

Bugg et al., 2015) instructed participants that they would be completing a mostly congruent or 

mostly incongruent list of trials while keeping conflict experience constant; that is, proportion 

congruency was .50 for both lists. Here a LWPCE-like pattern was found, wherein Stroop 

interference was reduced under high conflict probability instructions compared to low conflict 

probability instructions. A similar false instruction effect has been observed in a Simon 

interference task (Desender, 2018).  

These list-wide instructional effects on cognitive control suggest that one might also find 

evidence for trial-to-trial cueing effects on cognitive control. Do trial-to-trial pre-cues that signal 

whether the upcoming item will be congruent or incongruent modulate congruency effects? To 
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date, only a handful of studies have employed this approach, with most being limited to a variant 

of the Stroop paradigm (Bugg & Smallwood, 2016; Chao, 2011; Correa et al., 2014; Lamers & 

Roelofs, 2011). In Bugg and Smallwood’s (2016) procedure, congruent and incongruent Stroop 

trials were pre-cued informatively with the words “CONFLICTING” for incongruent trials and 

“MATCHING” for incongruent trials, or uninformatively with a row of Xs (i.e., 

“XXXXXXXXX”). A pronounced pre-cue benefit was observed on congruent trials when the 

cues were 100% valid, as had been reported in prior studies that used other conflict tasks (Correa 

et al., 2009; Gratton et al., 1992; Logan & Zbrodoff, 1982). Although this is an interesting result, 

it can be explained by an attention switching strategy rather than an up-regulation in cognitive 

control in response to the pre-cue—participants may switch their attention to the nominally 

irrelevant (and faster to process) stimulus dimension when they know in advance that the trial 

will be congruent. More important, there was also a pre-cue benefit for incongruent trials; 

participants responded more quickly to incongruent trials following a valid and informative cue 

than following an uninformative cue. However, it was notable that this pre-cue effect for 

incongruent trials was found only for a relatively long cue-to-stimulus interval (CSI; 2000 ms), 

and only when informative cues were 100% valid. 

A detailed review of the literature on congruency pre-cues suggests that there are indeed 

some nuances to the conditions that produce pre-cue benefits for incongruent trials. This issue 

was pursued by Jiménez et al. (2021) in an extensive series of experiments that explored factors 

that affect participants’ use of congruency cues to prepare for conflict. Their findings highlight 

important boundary conditions that suggest that proactive preparation in response to trial-by-trial 

cues is limited to conditions in which: (a) participants have sufficient time to prepare for conflict 

following cues; (b) the cues are 100% valid; (c) the cues are presented between trials, rather than 
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embedded in a stimulus/response property of the prior trial; (d) the task to which the cues are 

applied involves a nonarbitrary stimulus-response mapping. Together with previous cueing 

studies, these results demonstrate that although endogenous cueing of congruency can produce a 

proactive control effect in the Stroop and flanker tasks, such effects are often small in size and 

limited to particular methods. 

Contextual control of selective attention in an AB method 

In the present study, we aimed to study a related set of issues using a method that 

produces an AB effect. The AB is generally studied by embedding two visual targets (T1 and 

T2) in a stream of rapidly displayed stimuli, one after the other in the same spatial location, a 

technique known as rapid serial visual presentation (RSVP; Broadbent & Broadbent 1987). 

Under these conditions, identification accuracy is quite good for T1, but poor for T2 when the 

temporal lag between the two targets is short (100-300 ms). T2 performance then improves 

progressively as the lag is increased to about 700 ms (Raymond et al., 1992).  

The AB effect appears to be sensitive to selective attention demands. Raymond et al. 

(1992; Experiment 3) presented participants with an RSVP stream of letters on each trial and 

asked them to respond selectively to two targets that could appear in each stream. The first target 

(T1) was a white letter, and participants were to report its identity. The second target (T2) was a 

black “X” that appeared on some trials and not on others; participants were to report its presence 

or absence. Importantly, on some trials T1 was followed by a blank 90 ms interval, while on 

other trials no such interval was present. The key result was that the magnitude of the two-target 

deficit was significantly reduced when T1 was followed by a blank interval. This result is 

consistent with the idea that the T1+1 item holds the potential to interfere with T1 encoding, and 
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that selective attention to T1 is needed to prevent that interference. However, selective attention 

to T1 renders attention temporarily unavailable for T2 encoding, which causes the AB effect.  

It is noteworthy for our purpose that the AB effect does not require use of an RSVP 

method. Duncan et al. (1994) developed a skeletal method to measure the AB effect. In this 

method, a red letter (T1) and a green digit (T2) were presented rapidly, sequentially, and masked. 

When the task was to identify both items, T2 identification was poor when the interval between 

T1 and T2 was short but improved as this temporal interval increased. This pattern of results 

closely resembles the AB in studies that use the RSVP method and suggests that as long as T1 

and T2 are pattern masked the rest of the distractors in the RSVP stream are not necessary to 

measure an AB effect.  

An alternative skeletal method was developed recently that points directly at the role of 

selective attention in the AB effect (MacLellan et al., 2015). On any given trial there were two 

events: T1 was a red word, and T2 was a white word that followed T1 after a blank interval of 

varying duration. Participants were to report the identity of T1 and T2 at the end of each trial. T1 

was interleaved with a green distractor word (selection trials) or presented on its own (no-

selection trials). T2 accuracy was nearly perfect on no-selection trials irrespective of the T1-T2 

interval. However, T2 accuracy for selection trials was quite poor at the shortest T1-T2 interval, 

but improved as this interval was extended—that is, an AB effect was observed. 

More important, this AB effect was sensitive to the task context in which trials were 

presented. T2 performance for selection trials was substantially worse when selection and no-

selection trials were randomly intermixed in the same block than when these two trial types were 

presented in separate blocks. T2 performance for selection trials also varied in accord with the 

relative proportions of selection and no-selection trials, with better T2 performance in contexts in 



MSc Thesis – S. Montakhaby Nodeh                  McMaster- Psychology, Neuroscience & Behavior 

 10 

which selection trials were frequent. These list-wide context effects are reminiscent of the 

LWPCE observed in numerous conflict tasks. MacLellan et al. (2015) also reported the presence 

of sequence effects, such that selection performance was better following a sequence of two 

consecutive selection trials than following a sequence of two consecutive no-selection trials.  

As with the earlier summarized findings, the list-wide context effects reported by 

MacLellan et al. (2015) are consistent with a proactive control interpretation—participants may 

have adapted control processes proactively and strategically to mitigate interference during T1 

encoding, which in turn improved T2 performance. However, these results do not necessarily 

require a proactive control interpretation. As noted above, reactive control mechanisms can result 

in trial-to-trial adaptations of cognitive control that produce effects which are easily mistaken to 

be markers of proactive control. In this case, T2 performance may have been better for the 

blocked condition than the mixed condition because attentional control processes are adapted 

reactively and carry over from one trial to the next automatically (Botvinick et al., 2001). What 

is needed to establish that proactive control processes can modulate the AB effect is a method 

that unambiguously measures proactive control, rather than a method that it ambiguous about 

whether it measures reactive control, proactive control, or both. 

The present study 

To address this issue, we used an endogenous cueing manipulation wherein a cue 

presented prior to T1 indicated whether or not T1 would be presented with or without a 

competing distractor. Participants were instructed to use these informative cues to prepare to 

selectively attend accordingly. Performance for informative cue trials was compared to 

performance on trials in which the cues were uninformative. 
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Whether an endogenous cueing effect would occur in the skeletal AB task described 

above was of interest for two reasons. First, prior studies of endogenous cueing of congruency 

effects have centered on the Stroop and Eriksen flanker paradigms (Bugg & Smallwood, 2016; 

Jiménez et al., 2021; add other citations here; but see Wühr & Kunde, 2008 for a study of Simon 

interference), and it would be useful to determine whether such effects generalize beyond these 

well-studied task domains. This issue of generalization to other tasks is particularly important 

given the restricted set of conditions in which such effects appear to occur (Bugg & Smallwood, 

2016; Jiménez et al., 2021).  

Second, generalization of cueing effects to an AB task would be particularly interesting in 

light of one particular theory of the AB effect: the overinvestment hypothesis (Olivers and 

Nieuwenhuis, 2005, 2006). According to this theory, the AB occurs because participants often 

devote too many attentional resources to T1 encoding, which inadvertently results in substantial 

encoding of one or more distractors that follow T1. Resolution of the resulting conflict then 

triggers processes that hurt T2 encoding. Indeed, several methods aimed at reducing attentional 

allocation to T1 have produced smaller AB effects: (1) instruction to think about leisure activities 

while completing the AB task; (2) a concurrent short-term memory task; (3) viewing pictures 

associated with positive affect prior to AB trials; and (4) instruction to concentrate less while 

completing the AB task (Olivers & Nieuwenhuis, 2005; 2006). In line with this view, it was not 

immediately clear whether an endogenous cueing of conflict effect in an AB task would improve 

or hurt T2 performance. 

To summarize, the research question addressed here concerned cueing effects on T2 

performance and centered on trials in which T1 required selection between a target and 

distractor: Would selective attention to T1—and subsequent T2 identification—depend on 
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whether cues informatively signalled the selective attention demand of T1? And if so, would the 

cueing of impending T1 conflict improve T2 performance, or would it trigger an overinvestment 

in T1 encoding and hurt T2 performance? 

Experiment 1 

As mentioned, cognitive control can be triggered in reaction to previous conflict (reactive 

control), as assumed under the conflict monitoring account and supported by the finding of 

sequential effects in conflict tasks (Gratton, Coles, & Donchin, 1992). However, can control also 

be triggered in a strategic manner in anticipation of conflict (proactive control)? The purpose of 

Experiment 1 was to address this question by adding an endogenous cuing method to our skeletal 

AB task. In the informative cue condition, we used 100% valid cues in this and subsequent 

experiments, as pilot work in our lab and other published studies indicate that use of 100% valid 

cues may be critical to measure a reliable cuing effect (Jiménez et al., 2021; Bugg and 

Smallwood, 2016; Luks, Simpson, Dale, & Hough, 2007; van Driel et al., 2015). Performance in 

this informative cue condition was compared with performance in an uninformative cue 

condition. In both cue conditions, the cues preceded each trial in a session that included 

randomly intermixed selection and no-selection trials. If participants can capitalize on the 

informative cues to adjust their attention on a trial-by-trial basis, a smaller AB may occur for 

selection trials preceded by informative cues than for selection cues preceded by uninformative 

cues. Conversely, if use of informative cues leads participants to overinvest attention resources 

in T1 encoding, then the opposite pattern of results may occur.   
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Methods  

Participants 

A power analysis was conducted to estimate the appropriate sample size for this 

experiment using G*Power version 3.1.9.7 (Faul, Erdfelder, Lang, & Buchner, 2007). As no 

prior studies had examined endogenous cueing effects with this method, we used what may be a 

related effect as a starting point. MacLellan et al. (2015; Experiment 1; N = 24) reported superior 

T2 performance for blocked selection trials relative to selection trials that were randomly 

intermixed with no-selection trials, with a large effect size f of .675. Under the assumption that 

this effect may have both proactive and reactive control components, we reasoned that we might 

expect a proactive control (endogenous cueing) effect half this size. Using this estimate of effect 

size, we determined that a sample of 16 participants would be sufficient to detect such an effect 

with power = .80. Therefore, we recruited 16 participants (XX males, Mage = XX, range XX–

XX) from the introductory psychology undergraduate participant pool at McMaster University in 

exchange for partial course credit. All participants in this and subsequent experiments reported 

normal or corrected-to-normal visual acuity. All procedures reported in this article were 

approved by the McMaster Research Ethics Board (MREB). 

Apparatus and Stimuli 

The experiment was designed using Micro Experimental Laboratory (MEL2) software 

(Schneider, 1988), and presented in graphics mode on a Sony SVGA CRT color monitor that 

was connected to a Pentium 1 microcomputer. Target stimuli were presented against a black 

uniform background and were drawn from the stimulus set used by MacLellan et al. (2015). An 

endogenous cue was presented prior to the onset of T1 on all trials. 
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The stimulus set consisted of the following eight words presented in capital letters: 

BREAD, PLACE, CHIEF, RIGHT, STICK, DREAM, FLUTE, and GRAIN. On each trial three 

different words were randomly chosen from the eight-word set and assigned the roles of T1, T1 

distractor, and T2, with the condition that no word be assigned to more than one role within a 

single trial. On no-selection trials T1 consisted of a single target word displayed in red, whereas 

on selection trials T1 consisted of a red target word interleaved with a green distractor word. The 

green T1 distractor was slightly brighter than the red T1 target, as judged by the authors. 

Examples of the two trial types are presented in Figure 1. On selection trials, the T1 distractor 

had an equal likelihood of appearing either slightly above or below the T1 target. T2 was always 

a single word displayed in white. A pattern mask that followed T2 consisted of the symbols 

‘‘X’’, ‘‘O’’, and ‘‘&’’ superimposed on each other to ensure the spatial locations occupied by T2 

were fully masked. 

The informative cue for a no-selection trial was a single row of Xs (i.e., X X X X X), 

printed in white and presented at the center of the screen. The informative cue for a selection trial 

consisted of two rows of Xs printed in white and interleaved at spatial locations at which the T1 

target and distractor appeared. The uninformative cue was a single question mark, printed in 

white at the center of the screen (see Figure 1). All characters subtended approximately 0.5 

degrees of visual angle in height and 0.9 degrees of visual angle in width. Each character was 

separated by approximately one degree of visual angle.  

At the end of each trial, participants were asked to report the identity of the T1 and T2 

target words in the order they appeared on screen. Numbers 1-8 on the number keypad were 

labelled with the eight possible response options, and participants responded by pressing one of 

these keys for each of T1 and T2.  
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Design & Procedure 

Upon arrival in the lab, participants were asked to sign the informed consent form, and 

then seated at a table at approximately 57 cm from a computer screen. Participants received task 

instructions that informed them to report, to the best of their ability, the identity of the T1 and T2 

targets with key presses at the end of each trial. To improve their response accuracy, participants 

were encouraged to make use of informative cues when available to prepare for the more 

difficult selection trials.  

Each trial began with a white fixation cross at the center of a black screen. The subject 

initiated a trial when ready by pressing the space bar, upon which the white fixation cross was 

replaced by a blank screen. The blank screen remained for 100 ms and was followed by 

presentation of the cue for 500 ms. The cue was followed by a blank interval of 1500 ms, 

producing a cue-to-stimulus interval (CSI) of 2000 ms. Next, the T1 item appeared for 117 ms 

followed by a blank interval that preceded onset of T2, and that produced a T1–T2 stimulus 

onset asynchrony (SOA) of 233, 467 or 700 ms. T2 was presented for 100 ms and followed by a 

pattern mask that remained on screen until the participant reported the identity of the T1 and T2 

word targets at the end of the trial. The design of Experiment 1 included three within-subject 

variables: cue-type (informative/uninformative), trial-type (selection/no selection), and SOA 

(233/467/700 ms). Participants completed 4 blocks of 72 trials, totaling 288 experimental trials, 

with 2-3 min breaks between each block. Each block contained an equal number of trials in each 

condition and trial order was randomized within each block. Prior to starting the experimental 

trials, participants completed a practice block of 12 trials; with trials in each of the conditions 

defined by the cue-type, trial-type, and SOA variables. Performance on these practice trials were 

excluded from all analyses.   
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Figure 1. Event structure for trials in all experiments. Cue-to-stimulus interval (CSI) consists of 

the 2000 ms interval from onset of the cue event (an informative or uninformative cue that 

appeared for 500 ms) to the onset of T1. Stimulus onset asynchrony (SOA) consists of the 

interval between onset of T1 (117 ms duration) and onset of T2 following a blank interval of 

varying duration (116 ms, 350 ms, and 583 ms).  

Results 

There were two primary dependent measures for this and all subsequent experiments in 

this article: (1) the percentage of correctly identified T1 items; and (2) the percentage of 

correctly identified T2 items given that T1 was accurately identified (T2|T1). Two criteria were 

established to determine whether data from any given participant were included in the analyses. 

These criteria were intended to be inclusive, identifying participants as outliers only if they did 

not understand the task, did not attempt to perform the task accurately, or found the task 
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prohibitively difficult. In line with this aim, we computed a single accuracy measure per 

participant separately for each trial-type by averaging across their T1 and T2|T1 identification 

accuracies. We excluded data from anyone whose average performance on no-selection trials fell 

below 60% correct (about 9.62 standard deviations below mean T1 and T2|T1 performance), or 

whose mean selection trial performance was less than 20% correct (slightly better than chance 

performance of 12.5% correct, and approximately 2.78 standard deviations below the mean T1 

and T2|T1 performance). For this experiment, the data from all participants satisfied these 

criteria and were included in analyses.    

T1 and T2|T1 accuracy were submitted to separate analyses of variance (ANOVA) with 

an alpha criterion of .05 to determine statistical significance in these primary analyses. Effect 

sizes were approximated using both partial eta squared (η2P) and generalized eta squared (η2G) to 

facilitate cumulative science based on the guidelines recommended by Lakens (2013) on 

reporting effect size. An alpha level of .05 was used to determine statistical significance unless 

otherwise noted. Mean T1 and T2|T1 accuracy rates, collapsed across participants for 

Experiment 1 are depicted in Figure 2.  

 

 

 

 

 

 

 

 
 



MSc Thesis – S. Montakhaby Nodeh                  McMaster- Psychology, Neuroscience & Behavior 

 18 

A.       B.  

 

Figure 2. Percent correct T1 and T2|T1 averaged across participants in Experiment 1 as a 

function of cue type (informative/uninformative), trial-type (selection/no-selection), and SOA 

(233/467/700 ms). Error bars reflect the standard error of the mean corrected to remove between-

subject variability (Cousineau, 2005; Morey, 2008), calculated with the Superb package 

(Cousineau, Goulet, Harding, 2021). 

T1 Analysis.  

The percentage of correct responses to T1 were submitted to a three-way ANOVA with 

cue-type (informative/uninformative), trial-type (selection/no selection), and SOA (233/467/700 

ms) as within-subject factors. In general, mean T1 accuracy in the left panel of Figure 2 shows 

near ceiling performance for no selection trials across all SOAs. In contrast, T1 accuracy is 

substantially below ceiling performance for selection trials; performance is worst at the shortest 

SOA and recovers somewhat at the two longer SOAs. These observations are supported by the 

significant main effects of trial-type F(1, 15) = 26.5, MSE = 997.7, p < .001,  η2P= .639 , η2G= 
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.426, and SOA F(2, 30) = 27.0, MSE =80.6, p < .001, η2P= .643 , η2G= .073, as well as a 

significant interaction between trial-type and SOA F(2, 30) = 28.0, MSE = 60.5, p < .001, η2P= 

.651 , η2G= .061. These findings replicate effects observed in prior studies with this skeletal two-

target method (MacLellan et al., 2015), and occur in all experiments reported in this paper. 

More important, selection trial performance appears to be more accurate on informative 

cue trials than on uninformative cue trials (see left panel of Figure 2). This observation was 

supported by a significant main effect of cue-type, F(1, 15) = 12.9, MSE = 15.7, p = .003, η2P= 

.462 , η2G= .006, and an interaction between cue-type and trial-type that approached significance 

F(1,15) = 3.1, MSE = 22.1, p = .099, η2P= .171 , η2G= .002. This interaction was probed further 

by conducting separate two-way ANOVAs for each trial-type that treated cue-type and SOA as 

within-subject factors. For selection trials, there was a significant main effect of SOA F(2, 30) = 

28.7, MSE = 137.5, p < .001, η2P= .657, η2G= .127, as well as a significant main effect of cue-

type F(1, 15) = 7.5, MSE = 33.8, p = .015, η2P= .334 , η2G= .007, with more accurate T1 

responses on informative cue trials (76.2%) than on uninformative cue trials (73.0%). For no-

selection trials, only the main effect of cue-type approached significance [F(1, 15) = 4.4, MSE = 

4.1, p = .054, η2P= .226 , η2G= .022]. 

T2 Analysis.  

The percentage of correct responses to T2 provided that T1 was also correctly identified 

served as the dependent measure in this analysis. These data were submitted to the same 

ANOVA as the corresponding T1 data. The mean percent correct T2|T1 are plotted in the right 

panel of Figure 2. Performance for no-selection trials was near ceiling, while performance for 

selection trials was sensitive to SOA. The results of the main analysis supported this 

interpretation, again producing significant main effects of trial-type F(1, 15) = 51.3, MSE = 
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315.9, p < .001, η2P= .774 , η2G= .463, and SOA F(2, 30) = 69.2, MSE =79.5, p < .001, η2P= .822 

, η2G= .369, as well as a significant interaction between trial-type and SOA F(2, 30) = 65.1, MSE 

=69.6, p < .001, η2P= .813 , η2G= .325.  

More important, the analysis reported a significant main effect of cue-type, F(1,15) = 

14.1, MSE = 15.9, p = .002, η2P= .485, η2G=  .012, as well as a significant two-way interaction 

between cue-type and trial-type, F(1,15) = 20.5, MSE = 22.2, p < .001, η2P= .578, η2G=  .024, and 

a cue-type by SOA interaction that only approached significance,  F(2,30) = 2.76, MSE = 28.8, p 

= .078, η2P= .155, η2G=  .008.  Nevertheless, the key result from the analysis was the significant 

three-way interaction between trial-type, cue-type, and SOA, F(2,30) = 7.9, MSE =25.6, p = 

.002, η2P= .344 , η2G= .021. As is evident in the right panel of Figure 2, this interaction appears to 

be driven by a cueing effect that is sensitive to SOA and that occurs only for selection trials. This 

interpretation was supported by the separate two-way ANOVAs conducted for each trial-type 

that treated cue-type and SOA as within-participants variables.  

Separate analysis of the no-selection trials revealed no significant effects. For selection 

trials, there was a significant main effect of cue-type, F(1, 15) = 23.2, MSE = 28.5, p < .001, 

η2P= .608, η2G=  .038, and main effect of SOA, F(2, 30) = 77.9, MSE = 128.4, p < .001, η2P= 

.838, η2G=  .543, qualified by a significant cue-type by SOA interaction, F(2,30) = 6.0, MSE 

=43.3, p = .006, η2P= .286 , η2G= .030. Post hoc analysis with a Holm-Bonferroni adjustment 

revealed that, at the shortest SOA, T2 performance was about 11.5% more accurate for 

informative cue trials than for uninformative cue trials, t(15)=4.36, p <.001. This cueing benefit 

was about 3.9% and approached significance at the 467 ms SOA, t(15) =1.97, p = .068. The 

cueing benefit (0.4%) was clearly not significant at the 700 ms SOA, t(15) =.190, p = .852. 
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Discussion 

The key finding of Experiment 1 was an endogenous cueing benefit for selection trials in 

a two-target AB task. The AB effect in the selection trials was smaller for informative cue trials 

than for uninformative cue trials. To our knowledge, the results constitute the first evidence of an 

endogenous cueing effect in a two-target AB task.  

Though the cueing effect was significant in Experiment 1, the effect size of this cueing 

effect was much smaller than the blocked/mixed context effect reported by MacLellan et al. 

(2015). The different size of these two effects suggests that proactive control may be only partial 

responsible for the blocked/mixed context effect, but there are perhaps other reasons for the 

small size of the cueing effect observed here. One factor that may have worked against observing 

a larger cueing effect in Experiment 1 is that we presented informative and uninformative cue 

trials intermixed at random. Doing so may have dissuaded the participants from relying on the 

cues, as cues were informative on a random half of the trials. A more sustained and efficient use 

of cues may occur if all cues within a block are informative. Indeed, cueing studies using the 

Stroop method indicated that cueing effects were more reliable when informative cue trials were 

all presented in the same block, rather than intermixed with other control (non-cued) trials 

(Jiménez et al., 2021; Bugg & Smallwood, 2016).  
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Experiment 2 

In this experiment, we investigated whether the context in which informative and 

uninformative cues are presented influences endogenous cueing effects. In the mixed cue-context 

condition, informative and uninformative cue trials were randomly intermixed within blocks of 

trials, as in Experiment 1. In the blocked cue-context condition, informative and uninformative 

cue trials were presented in separate blocks to help foster a more efficient cue-based control 

strategy. In brief, we expected the results of the mixed cue-context condition to replicate the 

results of Experiment 1, and we predicted that the blocked cue-context condition would produce 

a larger cueing effect than the mixed cue-context condition. 

Methods 

Participants 

Thirty-two students were recruited from the introductory psychology undergraduate 

participant pool at McMaster University in exchange for course credit. Half of these participants 

were randomly assigned to the blocked cue-context condition (3 males; Mage = 18.0, range 17–

20), and the other half were assigned to the mixed cue-context condition (3 males; Mage = 18.1, 

range 17–19).  

Apparatus and stimuli 

The apparatus and stimuli were the same as in Experiment 1, with the exception that the 

uninformative cue was now a single row of question marks.  

Design & Procedure 

Task, timing, and structure of a trial were identical to Experiment 1 with the following 

exceptions. The design for this experiment included a between-subject variable—informative 

and uninformative cue trials were randomly intermixed for one group and presented in separate 
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blocks for the other group. The mixed cue-context group served as a built-in replication of 

Experiment 1. For the blocked cue-context group, there were two consecutive blocks of 72 trials 

in which all cues were informative, and two consecutive blocks of 72 trials in which all cues 

were uninformative, with the order of the two cue-types counterbalanced across participants. As 

in Experiment 1, each block contained an equal number of trials in each condition defined by the 

factorial combination of trial-type and SOA variables, and these trials were randomized within 

each block. At the end of the experiment, participants completed a questionnaire in which they 

were asked to indicate, with a yes or no answer, whether they used the cue to help them prepare 

for the difficult selection trials. If they answered yes to this question, they were then asked to 

estimate the percentage (0-100%) of trials in which they used the cue to help them prepare.    

Results 

The exclusion criteria were the same as in Experiment 1. We again aimed to exclude data 

from anyone whose average performance on no-selection trials fell below 60% correct (about 

8.37 standard deviations below mean T1 and T2|T1 performance), or whose mean selection trial 

performance was less than 20% correct (approximately 2.65 standard deviations below the mean 

T1 and T2|T1 performance). For this experiment, the data from all participants satisfied these 

criteria and were included in the analyses. Participants’ performance on the no-selection trials 

was again near ceiling. In the interest of simplifying our analyses, and because our primary 

interest was in performance for selection trials, we report analyses here that included data from 

selection trials only. Full analyses that include the no-selection trials are included in the 

Appendix A for the interested reader. The means of percent correct T1 and T2|T1 data, collapsed 

across participants for each cue context group, are depicted in Figure 3. 
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Figure 3. Mean T1 and T2|T1 accuracy for participants in the mixed cue context group (top 

panel) and participants in the blocked cue context group (bottom panel) as a function of cue type 

(informative/uninformative), trial type (selection/no-selection), and SOA (233/467/700 ms). The 

error bars represent the standard error of the mean (SEM) corrected to remove between-subject 

variability (Cousineau, 2005; Morey, 2008), calculated with the Superb package (Cousineau, 

Goulet, Harding, 2021). 

T1 Analysis.  

The percentage of correct T1 responses, for selection trials only, served as the dependent 

measure in this analysis. These percentages were submitted to a mixed ANOVA that treated cue-

type (informative/uninformative) and SOA (233/467/700 ms) as within-subject factors, and cue-

context (blocked/mixed) as a between-subject factor. As in prior studies using this method, the 

analysis revealed a significant main effect of SOA, F(2, 60) = 87.0, MSE = 64.4, p < .001,  η2P= 

.744 , η2G= .214, with T1 performance generally improving across SOA (see Figure 3). More 

important, there was a significant main effect of cue-type, F(1, 30) = 5.55, MSE = 86.0, p = .025,  

η2P= .156 , η2G= .011, with more accurate T1 performance for informative cues (81.4%) than for 

uninformative cues (78.4%). Also important, the interaction between cue-context and cue-type 

did not reach significance, F(1, 30) = 3.16, MSE = 86.0, p = .086,  η2P= .095 , η2G= .007, and 

indeed the data in Figure 3 offer no evidence for the predicted larger effect of cue-type for 

blocked than mixed cue-context—if anything, the trend was for a larger cue-type effect for the 

mixed cue-context. The only other effect in this analysis that approached significance was the 

cue-type by SOA interaction, F(1, 30) = 2.75, MSE = 105.9, p = .089,  η2P= .084 , η2G= .010. 

To facilitate comparison between the results of Experiments 1 and 2, separate two-way 

ANOVAs were conducted for the blocked and the mixed cue-contexts that treated cue-type and 
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SOA as within-participant factors. As anticipated, the analysis for the mixed cue-context showed 

a significant main effect of SOA, F(2, 30) = 43.9, MSE = 65.0, p < .001,  η2P= .745, η2G= .204, 

and a significant main effect of cue-type, F(1, 15) = 16.8, MSE = 43.6, p < .001,  η2P= .529 , 

η2G= .032, with higher accuracy for informative cues (79.9%) than uninformative cues (74.4%). 

This finding replicates the cueing effect reported in Experiment 1. Surprisingly, analysis of the 

blocked cue-context group showed only a significant main effect of SOA, F(2, 30) = 43.2, MSE 

= 63.7, p < .001,  η2P= .742 , η2G= .224. The main effect of cue-type was clearly not significant, 

F(1, 15) =.113, MSE = 128.3, p = .742,  η2P= .007 , η2G= .001.  

T2 Analysis. 

The percentages of correct T2|T1 responses, for selection trials only, served as the 

dependent measure in this analysis, and were submitted to the same mixed ANOVA as the 

corresponding T1 data. Once again, there was a significant main effect of SOA, F(2, 60) = 118.3, 

MSE = 151.1, p < .001,  η2P= .798 , η2G= .343, with T2|T1 accuracy increasing across SOA (see 

Figure 4). As in the T1 analysis, one key result was a significant main effect of cue-type, F(1, 30) 

= 7.45, MSE = 162.9, p = .011,  η2P= .199 , η2G= .017, wherein T2|T1 accuracy was greater for 

informative cues (74.4%) than for uninformative cues (69.3%). The other key result was a non-

significant interaction between cue-context and cue-type F(1, 30) = 2.05, MSE = 162.9, p = .163,  

η2P= .064 , η2G= .005, which does not support our prediction of a larger effect of cue-type for the 

blocked than the mixed cue-context. If anything, the trend was opposite to that predicted (see 

right panels of Figure 3). As in the T1 analysis, the cue-type by SOA interaction approached 

significance F(1, 30) = 3.15, MSE = 218.3, p = .068,  η2P= .095, η2G= .014. 

Next, to compare the results of this experiment to the results observed in Experiment 1, 

we submitted the T2|T1 performance for selection trials in each cue-context group to separate 
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two-way ANOVAs with cue-type and SOA as within-participant factors. Analysis of the mixed 

cue-context found significant main effects of SOA F(2, 30) = 56.2, MSE = 148.0, p = .086,  η2P= 

.789, η2G= .356, and cue-type F(1, 15) = 28.7, MSE = 49.1, p < .001,  η2P= .657 , η2G= .045, with 

higher T2|T1 accuracy for informative cues (73.1%) than uninformative cues (65.5%). This 

finding replicates the cue-type effect in Experiment 1. Separate analysis of the blocked cue-

context found only a significant main effect of SOA, F(2, 30) = 62.4, MSE = 154.4, p < .001,  

η2P= .806 , η2G= .333. Importantly, the main effect of cue-type was not significant, F(1, 15) 

=.497, MSE = 276.8, p = .492,  η2P= .032 , η2G= .004.  

In summary, the analysis of T2|T1 performance revealed higher accuracy on informative 

than uninformative cue trials, but counterintuitively this cue-type effect was observed only for 

the mixed cue-context condition. The null effect of cue-type for the blocked cue-context 

condition was surprising in that we presumed that this condition would be optimal for strategic 

endogenous control processes to produce a cueing effect. 

Post-Experiment Questionnaire.  

Participants in the mixed cue-context condition reported that they used the informative 

cues to prepare for the difficult selection trials on about 65% of the trials (median = 70%). The 

blocked cue-context group reported that they used the informative cues to prepare on about 72% 

of the trials (median = 78%). It should be noted that this estimate included the response from one 

participant in the blocked cue-context condition who responded “No” (0% of trials) to using the 

cues to prepare. 
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Discussion 

The purpose of Experiment 2 was to determine whether the cueing benefit observed in 

Experiment 1 would be larger when informative and uninformative cues are blocked rather than 

intermixed. Blocking informative cues seems like it ought to be optimal for the adoption of 

proactive control in response to the cue. To start, the results from the mixed cue-context 

condition replicated the finding from Experiment 1—the AB was smaller for informatively cued 

trials than for uninformatively cued trials. However, counter to our prediction, the cueing effect 

was not larger in the blocked cue-context condition than in the mixed cue-context condition. In 

fact, the cueing effect in the blocked cue-context condition was not significant.  

The absence of cueing effect in the blocked cue-context condition is surprising, given that 

(a) participants were explicitly instructed to use the informative cues to improve performance, 

(b) the informative cues predicted the selective attention demand of the upcoming trial with 

100% validity, (c) the CSI used here was equal to that used in other studies reporting reliable 

demonstrations of cueing effects (2,000 ms in Bugg & Smallwood, 2016), and (d) participants 

were demonstrably paying attention to the cues, as they responded in the post-experiment 

questionnaire. Therefore, we felt that a replication of these surprising results was necessary prior 

to reaching any theoretical conclusions.  
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Experiment 3 

To recap, the results from the first two experiments indicate that participants can engage 

in proactive control in response to an informative cue in a two-target AB task. However, 

somewhat counter to intuition, this cueing effect was observed when informative cues were 

mixed randomly with uninformative cues, but not when informative and uninformative cues 

were presented in separate blocks. This pattern of results is surprising given that the blocked 

design would appear to foster more consistent proactive use of informative cues than the mixed 

design (see Bugg & Smallwood, 2016, Jiménez et al., 2021). The only hint of a cueing benefit in 

the blocked cue-context group was at the shortest SOA (see Figure 3), where T2 accuracy was 

about 9% more accurate for informative selection trials (59.5%) than for uninformative selection 

trials (50.5%)—but Experiment 2 had insufficient power to determine whether this effect was 

reliable. To address this issue, and to determine whether the unexpected results of Experiment 2 

were reliable, Experiment 3 replicated the method of Experiment 2 but with additional power.   

Methods 

Participants 

A power analysis to determine appropriate sample size for this experiment was conducted 

using G*Power (Faul et al., 2007). This analysis was based on the mean effect size of cueing 

effects observed in Experiment 2 (partial eta-squared. = .345, f = .8726). This analysis 

determined that a sample size of 24 in each group was needed to detect a cueing effect of this 

size with power of .80. As data were collected online in this experiment, and we anticipated that 

some data would have to be excluded, data from one-hundred and four students from the 

introductory psychology undergraduate participant pool at McMaster University were recruited 

as participants in exchange for partial course credit.  
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Participants were randomly assigned to either the blocked or mixed cue-context 

condition. We again aimed to exclude data from anyone whose average performance on no-

selection trials fell below 60% correct (about 1.15 standard deviations below mean T1 and T2|T1 

performance), or whose mean selection trial performance was less than 20% correct 

(approximately 1.58 standard deviations below the mean T1 and T2|T1 performance). This 

resulted in the exclusion of data from analyses for eight participants from the blocked cue-

context condition, and fifteen participants from the mixed cue-context condition. We analyzed 

data from the first collected 36 of the remaining 43 blocked cue-context participants (6 males; 1 

non-binary; Mage = 18.5, range 17–24), and the first collected 36 of the remaining 38 mixed cue-

context participants (5 males; 1 non-binary; Mage = 18.5, range 17–27) with the aim of arriving a 

final sample sizes for the two groups that were equal and that constituted a properly 

counterbalanced design.  

Apparatus and stimuli 

This experiment was programmed using PsychoPy Builder (Peirce et al., 2019). Virtual 

data collection was hosted through PsychoPy’s open science platform Pavlovia.org due to 

COVID19 restrictions on indoor activities. The sizing of stimuli in PsychoPy were specified in 

‘height units’ which are scaled to the height of participants’ computer screen while the ratio of 

the height to width of the stimuli remains absolute. The use of this unit in PsychoPy ensured that 

stimuli were presented consistently without restricting participation based on screen-size or 

operating system requirements. In PsychoPy, the width of the stimuli is also defined by the font. 

All stimuli were presented in Courier New, a fixed-width font, to ensure that all letters in a single 

word took up the same amount of space. In the following description, we report the size of the 
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stimuli in terms of height units, but for the sake of clarity, we also report stimulus dimensions in 

terms of centimeters (cm) based on a 13-inch widescreen display.  

The stimuli were analogous to those described for Experiment 2, with the only difference 

being changes in stimulus dimensions, and that responses were reported using the mouse cursor, 

rather than being made manually on a set of labelled keys on a keyboard. The fixation cross at 

the center of the screen measured .01 units (1.05 cm) both horizontally and vertically. Each word 

from the eight-word stimulus set measured .01 units (1.05 cm) tall and .1 units (9.5 cm) wide. 

The same dimensions were used for the T2 pattern mask, as well as the single row of Xs and 

question marks that made up the cue displays.  

At the end of each trial, participants were shown the eight-word set in red, which 

remained on screen until the participant used their mouse cursor to report the identity of T1. 

Right after report of T1, a similar procedure was followed for the report of T2, with the words 

now appearing in white. Locations of the eight words on these response screens were kept 

constant across trials (see Figure 1).  

Design & Procedure 

The design and procedure were identical to that described for Experiment 2, with the 

following exceptions. The duration of events in each trial were not changed from the previous 

two experiments, but defined in PsychoPy by specifying the number of frames the event was 

presented for based on 60 frames per second (Hz), which is the standard for most laptop screens 

and laboratories. Therefore, for the sake of clarity we will report the trial events again but report 

all timing parameters both in millisecond (ms) units and their corresponding Hz unit. 

Each trial began with the presentation of a white fixation cross at the centre of a black 

screen, that remained on screen until the participant initiated the trial by pressing the space bar. 
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Upon initiation of a trial, T1 appeared for about 117 ms (7 Hz) and was followed by a blank 

interval of either 117 ms (7 Hz), 350 ms (21 Hz), or 583 ms (35 Hz). These blank intervals 

created a T1-to-T2 stimulus onset asynchrony (SOA) of 233, 467 or 700 ms. T2 was presented 

for 100 ms (6 Hz) and replaced by a pattern mask that appeared for 500 ms (30 Hz). Each trial 

ended with presentation of the T1 response page, that remained on screen until a valid mouse 

click (word click) was made. This process was repeated immediately after for the T2 response 

page.   

Participants completed a fully remote session at some point during the months of 

November and December 2022. Participants were asked to complete the experiment in a quiet 

area, with a stable internet connection, and no distractors. Participants were also asked to be 

seated about an arm’s length away from their computer screen and to ensure that their screen 

brightness was at the maximum setting (100% screen brightness). This procedure was followed 

so that contrast of T1 and T1 distractor would be as consistent as possible across unavoidable 

variation associated with remote data collection. We collected information on the type of 

operating system (Windows, MacOS, or Linux) used to complete the experiment. We confirmed 

the validity of these online methods by conducting an initial pilot study, which replicated effects 

typically observed with this two-target task in a laboratory setting. For this experiment, we 

dropped the post-experiment questionnaire.  

Results 

We adopted the same analysis strategy as described for Experiment 2. Mean T1 and 

T2|T1 performance for each condition in both groups are displayed in Figure 4. Full analyses that 

include the no-selection trials are included in the Appendix B for the interested reader. 
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Figure 4. Mean T1 and T2|T1 accuracy for participants in the mixed cue-context group (top 

panel) and participants in the blocked cue-context group (bottom panel) as a function of cue type 

(informative/uninformative), trial type (selection/no-selection), and SOA (233/467/700 ms). The 

error bars represent the standard error of the mean (SEM) corrected to remove between-subject 

variability (Cousineau, 2005; Morey, 2008), calculated with the Superb package (Cousineau, 

Goulet, Harding, 2021). 

T1 Analysis.  

Percent correct T1 responses for selection trials were submitted to a mixed ANOVA that 

treated cue-type (informative/uninformative) and SOA (233/467/700 ms) as within-subject 

factors, and cue-context as a between-subject factor. Findings of note include the cue-context by 

cue-type interaction that approached significance, F(1, 70) = 3.31, MSE = 114.3, p = .073,  η2P= 

.045, η2G= .004. This two-way interaction was probed further by conducting separate ANOVAs 

for each cue-context condition, with cue-type and SOA as within-subject factors.  

For the mixed cue-context condition, there was a significant interaction between cue-type 

and SOA F(2, 70) = 3.68, MSE = 49.6, p = .030,  η2P= .095, η2G= .007, but the main effect of 

cue-type was not significant, F(1, 35) = 1.18, MSE = 39.4, p = .285, η2P= .033 , η2G= .00087. 

Post-hoc analysis with a Holm-Bonferroni adjustment revealed that the cueing effect was not 

significant for any of the SOAs (233 ms SOA, +3.7%, t(35)= 1.79, p = .082; 467 ms SOA, -

2.5%, t(35)= -2.12, p = .041; 700 ms SOA, +1.6%, t(35)=1.16, p = .255). Thus, the interaction 

between cue-type and SOA owes to small shifts in the sign of non-significant cueing effects 

across SOAs. For the blocked cue-context group, there was a significant main effect of cue-type, 

F(1, 35) = 6.22, MSE = 189.3, p = .018,  η2P= .151 , η2G= .028, with more accurate T1 

performance for informative cues (85.5%) than for uninformative cues (80.9%).  
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Other significant effects in the overall three-way ANOVA included a significant main 

effect of SOA, F(2, 70) = 62.3, MSE = 109.2, p < .001, η2P= .640 , η2G= .205, which captures the 

increase in T1 performance with increasing SOA. There was also a significant interaction 

between cue type and SOA, F(2, 140) = 3.38, MSE = 41.9, p = .037,  η2P= .046 , η2G= .003. As 

for the cue-type by SOA interaction for the mixed cue-context group, this interaction appears to 

reflect subtle changes in the cueing effect across SOAs (see left panel of Figure 4). 

T2 Analysis.  

Percent correct T2|T1 for selection trials only were submitted to the same ANOVA as the 

corresponding T1 data. The mean percent correct for each condition, collapsed across 

participants, are depicted in the right panels of Figure 4. The data in Figure 4 show that T2 

performance increases across SOAs, that both conditions show a cueing benefit, but that cueing 

benefit itself differs across SOA for the two cue-context conditions. These observations were 

supported by the results of the main analysis, which revealed significant main effects of SOA, 

F(2, 140) = 316.0, MSE = 216.2, p < .001, η2P= .819, η2G= .434, and cue-type, F(1, 70) = 26.1, 

MSE = 133.0, p < .001,  η2P= .271, η2G= 0.022, but also significant interactions between cue-type 

and SOA, F(2, 140) = 4.86, MSE = 97.6, p = .009,  η2P= .0650, η2G= .006, and most importantly 

between cue-context, cue-type, and SOA, F(2, 140) = 4.96, MSE = 97.6, p = .008,  η2P= .0661, 

η2G= 0.006. This three-way interaction was examined further with separate ANOVAs for each 

cue-context condition that treated cue-type and SOA as within-participant factors.  

For the mixed cue-context condition, there was a significant main effect of SOA, F(2, 70) 

= 129.9, MSE = 271.6, p < .001,  η2P= .788, η2G= .401, and more important, a significant main 

effect of cue-type, F(1, 35) = 24.3, MSE = 96.8, p < .001,  η2P= .410, η2G= 0.026. T2 
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performance was more accurate on informative cue trials (72.2%) than on uninformative cue 

trials (65.6%).  

For the blocked cue-context condition, the key result was a significant two-way 

interaction between cue-type and SOA, F(2, 70) = 11.5, MSE = 103.9, p < .001,  η2P= .248, η2G= 

.027. Post hoc analysis with a Holm-Bonferroni adjustment revealed that at the shortest SOA, T2 

performance was about 13.1% better on informative cue trials than on uninformative cue trials 

t(35)= 4.29, p <.001. No such cueing benefit was observed for the two longer SOAs (467 ms 

SOA, 1.6%, t(35)= .739, p = .465; 700 ms SOA, -0.5%, t(35)= -0.231, p = .818). 

Discussion 

The key finding in Experiment 3 was the demonstration of a significant cueing effect in 

both the mixed and blocked cue-context conditions, which provides the strongest demonstration 

yet of cue-based control (i.e., proactive control) in this AB task. Interestingly, this cueing effect 

appeared only for the shortest SOA in the blocked cue-context condition, whereas it was 

observed reliably across SOAs in the mixed cue-context condition. The implications of these 

different patterns of cueing effects are discussed in more detail in the General Discussion.  
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General Discussion 

Many cognitive control theories converge on the idea that when presented with cues 

warning us of forthcoming conflict, we can prepare our attentional task sets accordingly. 

However, to date, evidence showing that proactive control modulates conflict processing has 

been scarce and largely confined to the Stroop task; even so proactive control effects are most 

often masked by modulatory effects caused by reactive control (sequence effects), with any pure 

isolations of this effect in cueing studies producing effects of modest size at best, and only under 

strict boundary conditions. The present set of experiments contribute to this ongoing literature by 

presenting unequivocal evidence showing that participants capitalized on informative cues to 

proactively prepare to attend in a two-target AB task.  

The first key evidence was found in Experiment 1, where performance on difficult 

selection trials was significantly improved when they were followed by informative cues versus 

uninformative cues. This cueing effect was replicated in Experiment 2 and demonstrated again 

more clearly in Experiment 3 using a high-powered design. Across all three experiments, we 

observed this cueing benefit for informative cue trials when these cues were presented randomly 

intermixed with uninformative cue trials. Moreover, across these experiments, the mixed cue 

context condition produced cueing effects that differed in their temporal course. Specifically, in 

Experiment 1, a cueing benefit was observed only at the shortest SOA. In Experiment 2, while 

the effect of SOA on cue-type was not significant, the pattern of data did show the greatest 

benefit of cueing at the shortest SOA, that did appear to diminish at the longer SOAs (see Figure 

3B). Conversely, in Experiment 3, the cueing effect persisted across all three levels of the SOA 

manipulation. We consider these conflicting findings in light of the concern that they may have 

been reported under artificial constraints imposed by the 100% limit of the response scale.  
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In Experiment 1, it is immediately obvious that the AB functions in Figure 2B converge 

towards a high level of T2 accuracy at the longer SOAs. These converging functions for 

informatively cued and uninformatively cued selection trials in Experiment 1 create the 

impression that the cues were not beneficial to performance at the longer SOAs. But this 

conclusion is erroneous because the two functions are constrained by the ceiling imposed by the 

100% limit of the response scale (see Figure 2B). However, ceiling effects in Experiment 2 are 

more apparent in the blocked cue-condition than in the mixed (see right panel of Figure 2). The 

data for the mixed condition summarized in Figure 2B show that the two functions for selection 

trials begin to run parallel at the two shortest SOAs, but still converged to some degree at the 

longest SOA to a common level nearing ceiling (see Figure 2B). Nevertheless, we cannot 

completely rule out ceiling effects in Experiment 2, which paired with the concern of an 

underpowered design imposed a constrain on the data.  

Notably, with remote experiments, the data are typically noisy with worse performance 

compared to data collected in-person under controlled lab conditions. To our advantage, this 

removed ceiling constraint in Experiment 3, which showed functions of T2 accuracy over SOA 

that were nowhere near the 100% limit of the T2 response scale (see right panel of Figure 4). 

Here, for the mixed cue-context condition we saw parallel AB functions, with performance being 

better overall for the informatively cued selection trials compared to uninformatively cued 

selection trials. However, the cueing effect found in the mixed cue-context condition, upon its 

first demonstration in Experiment 1, was modest in size at best, and even in its subsequent 

replications did not produce an effect size comparable to that previously reported for the 

LWPCE. This finding opposes the view that the LWPCE is a direct result of purely proactive 

control mechanisms. To that end, we attempted to produce a cueing effect by presenting 
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informatively cued trials separate from uninformatively cued trials. The rationale behind this 

design was that it would heighten proactive control in a sustained fashion across the course of a 

block of informative trials. Therefore, for the blocked cue context we expected a cueing effect 

greater in magnitude than that observed under a mixed cue-context.    

Critically, this effect was not observed when the informative cues were presented in a 

separate block on their own. In Experiment 2, by adopting the blocked design, an atypical cueing 

pattern emerged that had a distinct temporal signature. When equipped with enough power to 

detect such an effect in Experiment 3 we saw that the cueing effect was impacted by SOA, 

wherein a cueing benefit was found only at the shortest SOA. The different time course of the 

cueing effects across the two designs implicates different mechanisms for resource allocation to 

T1 processing. We account for the different cue effects across the two cue-context conditions as 

follows. 

In the blocked design, when completing an informatively cued block of trials, participants 

consistently engaged in proactive control processes to create and maintain an attentional filter for 

minimizing conflict on a selection T1 trial type. This preparation allowed for the effective 

encoding of T1 and the discarding of the green distractor word (Chun & Potter, 1995; Jolicoeur 

& Dell’Acqua, 1998). However, preparation to attend selectively to T1 at the outset of all trials 

resulted in the over-investment of encoding resources to T1, which was detrimental to T2 

processing. Supporting this account are the differential pattern of cueing benefits for T1 and 

T2|T1 data in the blocked design for Experiment 3. On selection trials, T1 accuracy is 

consistently better independent of the SOA factor when the trials are informatively cued 

compared to control (uninformatively cued trials). This result suggests that when participants 

were presented with an informative cue signalling a selection trial, they readily deployed 
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resources for T1 processing. This overinvestment of resources improved T1 accuracy, but 

impaired T2 accuracy, critically at the two longer SOAs, but not at the shortest SOA.  

The critical claim of the over-investment hypothesis is that the AB is a direct 

consequence of devoting too many attentional resources to encoding T1, leading to the 

inadvertent processing of trailing distractors in an RSVP stream, which interferes with T2 

processing (Olivers and Nieuwenhuis, 2006). However, in the current study we employed a two-

target design, wherein a distractor was paired with T1, rather than trailing it as in an RSVP 

stream. Therefore, the only item trailing T1, at variable intervals is T2. Therefore, we posit that 

at the shortest SOA, over-investment of resources for T1 processing led to subsequent entry and 

processing of T2, which did not occur at the two longer SOAs.  

Conversely, in the mixed cue-context condition, it is not always beneficial to pay 

attention to the cues, since informative and uninformative cues were equally likely to occur. 

Therefore, we assume that participants prepared less than optimally for the informative cues, and 

as a result asserted a more passive control over selective attention than participants in the 

blocked cue-context condition. This passive approach precluded over-investment of resources to 

T1 processing, resulting in an intermediate level of attention, which according to the over-

investment hypothesis, is more beneficial for performance in an AB task.  

Cognitive Control Requires Effort  

According to the DMC account, the process of proactively preparing and maintaining 

task sets is an effortful but potentially performance-enhancing process. So then how might we 

decide on whether it is worth investing resources in such effortful control processes or how much 

should be invested? The expected value of control (EVC) theory posits that the amount of effort 

and mental resources we voluntarily invest in a task is influenced by the payoff we can expect if 
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we perform that task effectively (Shenhav, Botvinick, & Cohen, 2013). Therefore, the extent to 

which participants utilize informative cues depends on the estimated value of the cues, including 

the cost of cognitive control. In other words, cues will lead to adjustments in control demands, as 

long as they allow for a cost-efficient regulation of behavior. This idea helps explain some of the 

strict boundary conditions alluded to in the literature for exploiting cues, most notably that of cue 

validity, wherein participants appear to readily make use of deterministic cues (signaling conflict 

with 100% validity) over probabilistic cues (signaling conflict with less than 100% validity). 

Moreover, it may have been the case that the EVC was different across the two cue-

context conditions. In the mixed cue-context condition, it may have been costly to consistently 

engage in proactive control, since not all cues were informative, and when a random 

uninformative cue appeared, the cost of maintaining a task set was no longer justified by the 

expected payoff (e.g., performance gain). Conversely, in the blocked cue-context, while the 

expected benefit of engaging in proactive control is not different, the expected cost of such 

processes is lower compared to the mixed condition. Since every trial is informatively cued, it is 

always beneficial to pay attention to the cues. Therefore, the weight assigned to the informative 

cues is likely lower in the mixed compared to the blocked cue-context condition. This is 

somewhat reflected numerically in the post-experiment questionnaire from Experiment 2, where 

participants in the mixed condition reported that they made use of informative cues on about 

65% of the trials, while the blocked group reported that they made use of the cues on 72% of the 

trials. While the difference between these two scores was not significant, future work should 

implement a much more direct and standardized approach to indexing the expected efficacy of 

cues across these two conditions.    
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Conclusion 

To summarize, the current study provided novel and theoretically important evidence 

supporting the view that explicit, trial-by-trial cues influence cognitive control in a two-target 

AB task. This proactive cognitive control effect was reflected in improved accuracy on selection 

trials that were cued informatively than uninformatively. This finding lends credence to the 

DMC framework proposed by Braver et al. (2007), as it demonstrates that control adaptations are 

not solely reactive responses to conflict (as seen in Botvinick et al., 2001), but can also take 

place proactively in anticipation of stimulus or conflict. Intriguingly, informative cues produced 

different effects on the AB when they were presented in a separate block than when they were 

randomly intermixed with uninformative cues. It appears that when participants were certain that 

an informative cue would occur (i.e., in the blocked cue-context condition), proactive cue-based 

control may lead to an overinvestment of resources to T1 processing, which limited the cueing 

benefit to the shortest SOA. Nevertheless, the results do endorse the perspective that when the 

type of conflict (or stimulus) is foreseeable, mental processes can be prearranged in advance, as 

exemplified by participants' utilization of endogenous cues in this skeletal AB task. 
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Appendix A 

Table 1. 

Experiment 2 Mixed Four-Way ANOVA for T1 and T2|T1 Data 

 

Note. This table provides the full analysis for Experiment 2 including data from no-selection 

trials. The mixed four-way ANOVA includes cue-context as a between-participants variable, and 

cue-type, trial-type, and SOA as within-participant variables.  

 

Table 2. 

Experiment 2 Separate Three-Way ANOVA on T1 Data for each Cue-Context Condition  
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Note. This table provides the separate analyses on T1 data in each cue-context group for 

Experiment 2 including data from no-selection trials. The three-way ANOVA includes cue-type, 

trial-type, and SOA as within-participant variables.  

Table 3. 

Experiment 2 Separate Three-Way ANOVA on T2|T1 Data for each Cue-Context Condition  

 

Note. This table provides the separate analyses on T2|T1 data in each cue-context group for 

Experiment 2 including data from no-selection trials. The three-way ANOVA includes cue-type, 

trial-type, and SOA as within-participant variables.  
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Appendix B 

Table 4. 

Experiment 3 Mixed Four-Way ANOVA for T1 and T2|T1 Data 

 
Note. This table provides the full analysis for Experiment 3 including data from no-selection 

trials. The mixed four-way ANOVA includes cue-context as a between-participants variable, and 

cue-type, trial-type, and SOA as within-participant variables.  

 

Table 5. 

Experiment 3 Separate Three-Way ANOVA on T1 Data for each Cue-Context Condition  

 
Note. This table provides the separate analyses on T1 data in each cue-context group for 

Experiment 3 including data from no-selection trials. The three-way ANOVA includes cue-type, 

trial-type, and SOA as within-participant variables.  
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Table 6. 

Experiment 3 Separate Three-Way ANOVA on T2|T1 Data for each Cue-Context Condition  

 
Note. This table provides the separate analyses on T2|T1 data in each cue-context group for 

Experiment 3 including data from no-selection trials. The three-way ANOVA includes cue-type, 

trial-type, and SOA as within-participant variables.  

 


