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Aligning top-down and voluntary
attention control across
individuals

Bradley S. Gibson*, Jamie M. Trost and Scott E. Maxwell

Department of Psychology, University of Notre Dame, Notre Dame, IN, United States

Previous research has suggested that standard manipulations of

top-down information in the spatial cueing paradigm do not elicit voluntary

attention control across all participants. Instead, this research showed that

only about half of the individuals exhibited the expected pattern in which they

reported feeling more agency when they performed visual search with the aid

of an informative (arrow or onset) cue than when they performed this task with

an uninformative cue or without any cue at all. The present study replicated

these previous findings under conditions in which the standard manipulation

of top-down information was conveyed by a number cue (as opposed to an

arrow or onset cue). But more importantly, the present study also found that

the proportion of individuals who aligned top-down and voluntary attention

control could be increased to approximately 90% by combining the standard

manipulation of top-down information with a novel manipulation of volition in

a separate condition in which participants were given the opportunity to freely

choose (or not) the direction of the spatial cue on each trial. Despite conceding

experimental control of cued direction (but not cue validity) to participants in this

latter condition, most participants (85%) nevertheless distributed their direction

choices equally across the four directions. These findings suggest that providing

participants active control of stimulus parameters may be required to elicit a

strong sense of agency (and voluntary control) in the laboratory.

KEYWORDS

visual search, top-down attention control, voluntary attention control, agency, individual
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Introduction

Top-down attention control occurs when individuals can guide their attention in

accordance with internal sources of information such as knowledge, memories, intentions,

expectations, and goals. Likewise, voluntary attention control occurs when individuals

can guide their attention “at will” in accordance with their internal goals and intentions.

At first glance, these two forms of attention control seem very similar. Indeed, many

attention control researchers use the terms “top-down” and “voluntary” interchangeably

(see Theeuwes, 2018 for a clear example). However, the extent to which top-down

information about a task-relevant target gives rise to voluntary attention control has

recently been questioned on several different fronts (Davis and Gibson, 2012; Pauszek

and Gibson, 2016, 2018; Gaspelin and Luck, 2018; Wolfe, 2018; Gibson et al., 2023).
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For instance, Gibson et al. (2023) recently argued that the

similarity between top-down and voluntary attention control could

not be adequately determined by previous attention control studies

because: (i) the experience of volition is typically defined as a

conscious feeling that prior intentions led to a subsequent action

(Wegner et al., 2017); and, (ii) that aspect of an individual’s

conscious experience had not been assessed in previous studies of

top-down attention control. Accordingly, Gibson et al. attempted

to shed light on this relation by measuring individuals’ self-

reported sense of “agency” (using a seven-point scale) as they were

offered different levels of top-down information in a spatial cueing

task. Agency was measured because it has been posited as one

of the defining features of voluntary behavior (Firth, 2013), and

individuals tend to rate themselves as having a strong sense of

agency when they consciously experience their intentions as being

the primary cause of their actions (Synofzik et al., 2013; Tapal et al.,

2017).

In addition, Gibson et al. (2023) also distinguished this “control

felt” aspect of agency from the “control used” aspect of agency

in their Experiment 2. This distinction is potentially important

because these two aspects of agency have been shown to be inversely

related to one another at the group level in any given task context

(Potts and Carlson, 2019). That is, task contexts that elicit the use

of only a small amount of control tend to elicit the feeling of a

larger amount of control whereas task contexts that elicit the use

of a larger amount of control tend to elicit the feeling of a smaller

amount of control. For the purposes of this study, we will focus

exclusively on the “control felt” aspect of agency (see also, Craig,

2015; for a broad discussion of how bodily feelings guide human

actions), and we will simply use the term “agency” to refer to this

aspect of agency.

In Gibson et al.’s (2023) study, top-down information about

the location of a task-relevant target letter (E vs. U) was conveyed

by arrow and onset cues that indicated one of four possible fixed

directions (above vs. below vs. left vs. right) on each trial. Gibson

et al. used the widest range of top-down information that was

possible in this context. This range included 100%-valid cues at

one extreme and 25%-valid cue (i.e., chance) at the other extreme.

In addition, 70%-valid cues were also included as an intermediate

value so that linear functions could be fit across the three levels of

cue validity.

Although it is commonplace for attention control researchers

to describe manipulations of top-down information in terms of

cue validity (Jonides, 1980, 1983; Posner, 1980; Posner et al., 1980;

Eriksen and Yeh, 1985; Madden, 1992; Riggio and Kirsner, 1997;

Vossel et al., 2006; Chica et al., 2014), the cue-validity scale may

not be the most appropriate scale upon which to quantify how

much information has been conveyed by the cues in this paradigm

(Gibson et al., 2021). Rather, information-theoretic quantities such

as “mutual information” and “conditional target entropy” are

more transparent about how much information has been conveyed

because these terms explicitly reflect the entropy associated with

locating and identifying the target in this spatial cueing paradigm.

For instance, in Gibson et al.’s (2023) task context, there was a total

of three bits of information associated with locating and identifying

the target, where one bit is equal to the amount of information that

is gained by resolving two equally likely outcomes. In particular, one

bit was associated with resolving the orientation of the target (which

was equally likely to appear on the horizontal or vertical axis); one

bit was associated with resolving the direction of the target (which

was equally likely to appear at one endpoint or the other of an axis);

and one bit was associated resolving the identity of the target (which

was equally likely to be the letter E or U).

Mutual information reflects the average reduction in

uncertainty about the target’s identity and location that is

provided by the cue (or vice-versa), and conditional target entropy

reflects the average uncertainty in target identity and location that

remains after processing the spatial information conveyed by the

cue. These two quantities are complementary in the sense that

they must sum to the total entropy (i.e., 3.00 bits) associated with

locating and identifying the target in this context. When the cue

was 100% valid, mutual information was equal to 2.00 bits and

conditional target entropy was equal to 1.00 bit because the cue

provided perfectly accurate information about the target’s location

(orientation and direction) but no information about its identity.

When the cue was 70% valid, mutual information was equal to 0.64

bits and conditional target entropy was equal to 2.36 bits because

the cue provided partially accurate information about the target’s

location (orientation and direction) but no information about its

identity. And, when the cue was 25% valid, mutual information

was equal to 0.00 bits and conditional target entropy was equal to

3.00 bits because the cue provided no information about the target’s

location or identity. Although the magnitude of the agency-slope

would be equivalent regardless of whether it was fit across the

three levels of mutual information or across the three levels of

conditional target entropy, Gibson et al. (2023) chose to analyze

changes in agency ratings as function of conditional target entropy

because that scale is unique to target entropy whereas mutual

information equally reflects the reduction in entropy associated

with knowing either the target or the cue.

If top-down and voluntary attention control are

interchangeable forms of attention control, then Gibson et al.

(2023) reasoned that the sense of agency should decrease in a linear

fashion as conditional target entropy increased across the 1.00-bit

(100%-valid), 2.36-bit (70%-valid), and 3.00-bit (25%-valid) cue

conditions. In other words, they reasoned that individuals should

feel most in control when they had the least uncertainty about the

location of the target, and they should feel the least in control when

they had the most uncertainty about the location of the target.

Gibson et al. used a linear growth-curve model to analyze the

results of their study which allowed them to distinguish between

a fixed slope factor that reflected the average slope of all the

participants, and random factors that allowed each participant to

have a unique slope and intercept.

The results of two experiments consistently showed that the

average (fixed) slope was only slightly negative and did not differ

significantly from zero. On the face of it, this finding suggests that,

on average, feelings of agency did not change as a function of how

much top-down information was provided about the task-relevant

target, even though the range of cue validity values used was

maximal. However, a much different conclusion was warranted by

the analysis of the random factors: namely, the variance associated

with both the random slope and intercept factors was consistently

found to be significant across the two experiments. Of critical
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importance, the variance associated with the random slope factor

showed variation in both the magnitude and direction of the

individual slopes values which shed light on the near-zero fixed

slope factor (see Miller and Schwarz, 2018, for a more general

discussion of how individual differences can lead to null average

effects). Their findings suggested that only 59% of the area under

the theoretical population distribution of random slope values

corresponded to negative slope values whereas the remaining 41%

of the area under this curve corresponded to positive slope values.

In addition, the results of these two experiments also

consistently showed significant covariation between the random

slope and intercept factors suggesting that the direction of the

random slope values varied inversely with the random intercept

values. Those individuals who generated a negatively sloped growth

curve exhibited the expected trajectory in which the 1.00-bit (100%-

valid) cues elicited the highest ratings, and the 3.00-bit (25%-

valid) cues elicited the lowest ratings. However, those individuals

who generated a positively sloped growth curve exhibited an

unexpected trajectory in which the 1.00-bit (100%-valid) cues

elicited the lowest ratings, and the 3.00-bit (25%-valid) cues elicited

the highest ratings.

The findings reported by Gibson et al. (2023) suggested that

individuals can differ dramatically in how much agency they feel

in response to standard manipulations of top-down information

in the spatial cueing paradigm. But, why did approximately

40% of the individuals fail to experience the expected pattern

of agency in their study? As Gibson et al. noted, the spatial

cues used in the spatial cueing paradigm are external to the

individual and the top-down information that is conveyed by these

cues about the target is delivered in a random fashion by the

experimental software. As such, the shifts of attention that are

elicited by those cues may not be experienced as voluntary by

some individuals because their attention is being guided by an

extrinsic source of spatial information that they played no role in

choosing (see e.g., Bargh, 1994; Bargh and Ferguson, 2000). As

a result, the sense of agency these individuals experience while

searching for the target may have increased only when the cues

became less informative because only then did these individuals

feel that they were searching for the target on their own. Indeed,

Gibson et al. (2023) also showed that the agency ratings of all

participants were significantly higher in a “no-cue” condition

relative to the 3.00-bit (25%-valid) cue condition, suggesting that

individuals generally felt more agency when searching without a

cue at all.

In the present study, we attempted to actively increase the sense

of agency elicited by external spatial cues by allowing individuals

in one condition to voluntarily choose the direction indicated by

the spatial cue on each trial, though the actual validity of the

cue (and resulting conditional target entropy) remained out of

their control. We considered this “controllability” manipulation

to be like other attention control studies that have recently

attempted to manipulate agency more directly (Wen and Haggard,

2018; Huffman and Brockmole, 2020). For instance, Huffman

and Brockmole manipulated the role of agency in attention

control by varying the extent to which participants were able

to voluntarily choose the direction of a visual search display of

moving circles. Participants controlled the directional movement

of one of four display circles by pressing the directional arrows

keys on a computer keyboard. Participants were considered to

have more voluntary control when they were allowed to press

the arrow keys in whatever manner they chose whereas they

were considered to have less voluntary control when they were

required to press the arrow keys in accordance with a computer-

generated pattern of key presses. Unfortunately, Huffman and

Brockmole (2020) did not consistently obtain agency ratings

across their three experiments, and thus they could not explicitly

compare how agency ratingsmight have changed when participants

were free to exercise volitional control over the direction of

the controlled circle vs. when they were not free to do so.

Furthermore, they focused on average performance and did not

examine individual differences.

In the present study, we explicitly compared the agency

ratings obtained across two separate volition conditions that

were encountered by two independent samples of participants.

In the “direction selected” condition, the cued direction was

voluntarily selected by the participant on each trial whereas,

in the “direction assigned” condition, the cued direction was

randomly assigned by the experimental software on each

trial (as in Gibson et al., 2023 original experiments). We

expected that a greater proportion of individuals would generate

the negatively sloped growth curves when cued direction

was selected relative to when it was assigned randomly on

each trial.

In addition to directly comparing the reports of agency

across the direction selected and assigned conditions, the present

study also included another potentially important modification.

Namely, the use of arrow and onset cues may have been

problematic for Gibson et al.’s (2023) purposes because others

(Ristic and Kingstone, 2012; Ristic et al., 2012) have argued

that both of these cues may routinely elicit involuntary (or

automatized) shifts of attention which may in turn temper

conclusions about the ability of these stimuli to elicit voluntary

shifts of attention (see also, Hommel et al., 2001; Gibson and

Bryant, 2005; Gibson and Kingstone, 2006). Accordingly, in the

present study, we used the numbers “1,” “2,” “3,” and “4” as

cues to arbitrarily refer to the above, right, below, and left

directions, respectively. Our intention was to use cues that were

not strongly associated a priori with these directions, and therefore

would be less likely to elicit involuntary (or automatized) shifts

of attention.

In summary, previous research reported by Gibson et al. (2023)

has shown that top-down and voluntary attention control are

aligned for only about half of the participants in the standard

spatial cueing paradigm. The present study attempted to replicate

these previous findings under conditions in which the standard

manipulation of top-down information was conveyed by a number

cue (as opposed to an arrow or onset cue). But more importantly,

the present study was also designed to examine if the proportion of

individuals who aligned top-down and voluntary attention control

could be increased by combining the standard manipulation of

top-down information with a novel manipulation of volition

in a separate condition in which participants were given the

opportunity to freely choose (or not) the direction of the spatial

cue on each trial.
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Method

Participants

A total of 160 participants were recruited through Prolific

(www.prolific.co) in exchange for monetary payment ($6.00 USD).

The two volition conditions were run consecutively. The first group

of 80 participants was run in the direction assigned condition, and

the second group of 80 participants was run in the direction selected

condition. These sample sizes were chosen to match the sample size

used in Experiment 2 of Gibson et al. (2023) study. Note that power

analyses are not well developed for mixed-effects models (Maxwell

et al., 2018); this is especially true for estimating the power of

random factors because the null value (population variance equal

to zero) is also the minimum possible value of this parameter,

and the sampling distributions of such “boundary values” are not

well understood by statisticians (Verbeke and Molenberghs, 1997).

To be included in the experiment, participants were required to

(1) self-report that they were a fluent English speaker; (2) self-

report normal or corrected-to-normal visual acuity; and, (3) finish

the experiment with an overall percent error rate on the visual

search task that was ≤30%. The Institutional Review Board at the

University of Notre Dame approved all procedures reported in this

manuscript. These data were collected in the fall of 2021.

Stimuli and apparatus

Both volition conditions were programmed using PsychoPy

Experiment Builder (Peirce et al., 2019), and virtual data collection

was hosted through PsychoPy’s open science website Pavlovia. The

sizing of stimuli in PsychoPy are specified in ’height units’ which

are relative to the height of participants’ computer screen while the

ratio of the height to width of the stimuli remain absolute. The

use of these units in PsychoPy ensure that stimuli are presented

consistently without restricting participation based on screen-size

or OS requirements. In the following description, we report the size

of the stimuli in terms of height units, but for the sake of clarity,

we also report their size in terms of centimeters (cm) based on a

13-inch widescreen display.

As shown in Figure 1 Top, each trial in the direction assigned

condition consisted of three displays which were presented against

the black background of the screen: a fixation display, a cue display,

and a target display. The fixation display contained a small white

fixation dot in the center of the display; the fixation dot measured

0.015 units (0.3 cm) in diameter. Four boxes were presented 0.16

units (2.80 cm) above, below, left of, or right of central fixation.

Each box appeared as a square, 0.07 units (1.30 cm) tall and 0.07

units (1.30 cm) wide, and had a black fill and gray outline. The

fixation dot was replaced by a white number between 1 and 4 that

indicated the direction of one of the four peripheral boxes. The “1”

cue referred to the above location; the “2” cue referred to the right

location; the “3” cue referred to the below location; and the “4”

cue referred to the left location. The number cues were 0.04 units

(0.50 cm) at their widest point and 0.06 units (1.10 cm) tall. The

target display contained a single white target letter (E or U) along

with three non-target letters (A, P, and S). Each letter was 0.04 units

(0.50 cm) tall and 0.04 units (0.50 cm) wide and appeared in one of

the four gray boxes; the target was equally likely to appear in any of

the four directions (above, below, left, or right).

As shown in Figure 1 Bottom, the sequence of displays in

the direction selected condition was identical to the sequence of

displays in the direction assigned condition with the sole exception

being the insertion of a selection display that appeared at the start

of each trial. In the selection display, one of the four number cues

was randomly assigned (as in the direction assigned condition);

however, participants in the direction selected condition were

allowed to change the direction of the cue on each trial by pressing

the right arrow key on the keyboard. This arrow key advanced

through a random sequence of the number cues, and the cycle

could be repeated until a cue was selected. Participants locked

in their choice by pressing the space bar which then triggered

the appearance of the fixation display followed by the cue display

(which contained the selected cue) and then the target display.

Experimental design

The design of the direction assigned condition was identical

to the design of the two experiments reported in Gibson et al.

(2023) with the sole exception being that number cues were

used to convey direction in the present study. Four levels of a

conditional target entropy (or cue validity) factor [1.00-bit (100%

valid), 2.36-bit (70% valid), 3.00-bit (25% valid), and no cue]

were presented within the context of a repeated measures design.

Note that although the cue was absent from the display in the

no cue context, we treated this context as a separate level of the

conditional target entropy factor for the purposes of balancing

the design. Each of the four conditional target entropy conditions

was presented in a separate block of 40 trials, and this group

of four blocks was repeated four times for a total of 16 blocks

(640 total experimental trials). The order of the four conditional

target entropy conditions was randomized separately within each

repetition group for each participant.

The design of the direction selected condition was identical

to the design of the direction assigned condition with the sole

exception being the elimination of the no-cue condition, which was

omitted out of necessity because there is no cue to be selected in the

no-cue condition. Each of the remaining three conditional target

entropy conditions was presented in a separate block of 40 trials,

and this group of three blocks was repeated four times for a total

of 12 blocks (480 total experimental trials). The order of the three

conditional target entropy conditions was randomized separately

within each repetition group for each participant.

Procedure

At the beginning of each block in the direction assigned

condition, participants were informed of the presence

and validity of the cues; the direction of the cues was

described as “always accurate” in the 1.00-bit (100%-valid)

cue condition, “mostly accurate” in the 2.36-bit (70%-valid)

cue condition, and “rarely accurate” in the 3.00-bit (25%-valid)
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FIGURE 1

Example display sequences used in the direction assigned (Top) and direction selected (Bottom) conditions of the present experiment.

cue condition. Note that when the cue was invalid, the target was

equally likely to appear at each of the three uncued locations.

In the 2.36-bit (70%-valid) cue condition, the target appeared at

each of the uncued locations 10% of the time; and, in the 3.00-bit

(25%-valid) cue condition, the target appeared at each of the

uncued locations 25% of the time. On each trial within a block,

a fixation display appeared first for 500ms followed by the cue

display. After 600ms, the target display was added to the cue

display and the two displays remained on screen until a response

was made. On each trial, the target letter was equally likely to be an

E or U. Observers always pressed the “E” key with their left hand to

discriminate the identity of the E target and the “U” key with their

right hand to discriminate the identity of the U target.

At the end of each block, participants were instructed to

rate the level of agency they felt. Participants were told that

individuals are thought to have a positive sense of agency when

they consider themselves to be the initiator of their actions, along

with the following instructions, provided at the beginning of

the experiment:

“We are interested in how much agency you feel in these

different visual search contexts. Please always use the cue to

try to find the target, regardless of how useful or accurate

it is. At the end of each block, a rating scale will appear

on the screen, and you will be asked to rate the extent to

which you considered yourself to be in control of finding the

target. A rating of ‘1′ will correspond to ‘no control’ whereas a

rating of ‘7′ will correspond to ‘full control.’ You will respond

by using the corresponding number keys on your keyboard

to report the magnitude of your positive sense of agency in

each block.”

The procedure in the direction selected condition was identical

to the procedure in the direction assigned condition with two

exceptions. First, cues were always present in each block. Second,

a selection display appeared first on each trial; the selection display

remained on the screen until participants made their direction

choice, at which point they were instructed to press the space bar

and then the trial proceeded as in the direction assigned condition.

Results and discussion

Analysis of valid and invalid response times

We began by examining valid and invalid response times (RTs)

in each of the two volition conditions to ensure that standard

spatial cueing effects were obtained in this study. The top panel of

Figure 2 shows mean correct valid and invalid RTs as a function

of conditional target entropy in each of the direction assigned

and selected conditions; the bottom panel of Figure 2 shows

the corresponding percent error rates. First, a 2 × 3 repeated

measures analysis was conducted on mean correct valid RTs, with

volition condition (direction assigned vs. direction selected) and

conditional target entropy (1.00 bit vs. 2.36 bits vs. 3.00 bits) as

the two within-subjects factors. These analyses were conducted

using the multivariate approach to avoid violating the sphericity

assumption. As can be seen in Figure 2, mean correct valid RTs were

significantly slower overall (by 176ms) in the direction selected

condition than in the direction assigned condition, F(1,158) =

28.26, p < 0.001, ηp
2
= 0.15, for the main effect of volition

condition. Although this main effect of volition condition was

not explicitly predicted, it may reflect a greater contribution of

intentional processes, which are known to be slower (Wolfe et al.,

2000), in the direction selected condition. In addition, as expected,

mean correct valid RTs also increased significantly as a function

of conditional target entropy, F(2,78) = 213.86, p < 0.001, ηp
2
=

0.85, for the main effect of conditional target entropy. However,
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FIGURE 2

Mean correct overall RTs and error rates obtained in each of the

direction assigned and direction selected conditions as a function of

conditional target entropy. Error bars reflect standard error of the

mean.

the effect of conditional target entropy was very similar across the

two volition conditions resulting in a non-significant interaction

between volition condition and conditional target entropy, F(2,78) =

1.49, p= 0.23, ηp
2
= 0.04. Likewise, an identical analysis of percent

error rates revealed no significant main effects or interaction (all p’s

> 0.26 or more).

Second, we also examined the relation between valid and

invalid trials in the 2.36-bit (70%-valid) and 3.00-bit (25%-valid)

cue conditions (recall that the 1.00-bit (100%-valid) cue condition

did not include any invalid trials). A 2 × 2 × 2 Split-Plot ANOVA

was conducted on mean correct RTs, with volition condition as the

sole between-subjects factor, and with conditional target entropy

(2.36 bit vs. 3.00 bit) and cued location (valid vs. invalid) as the

two within-subjects factors. This analysis was conducted using the

univariate approach because the sphericity assumption could not

be violated with only two levels of each factor. Most importantly,

as expected, there was a significant two-way interaction between

conditional target entropy and cued location, F(1,158) = 64.72, p <

0.001, ηp
2
= 0.29, indicating that the 113-ms spatial cueing effect

observed in the 2.36-bit (70%-valid) cue condition was larger than

the 40-ms spatial cueing effect observed in the 3.00-bit (25%-valid)

cue condition. In addition, there was also a significant two-way

interaction between volition condition and cued location, F(1,158) =

3.86, p= 0.051, ηp
2
= 0.02, indicating that the 93-ms spatial cueing

effect observed in the direction selected condition was larger than

the 61-ms spatial cueing effect observed in the direction assigned

condition. This interaction may reflect the manifestation of a

greater effect of agency on RTs in the direction selected condition.

The three-way interaction between volition condition, conditional

target entropy and cued location did not attain significance,

F(1,158) = 0.31, p = 0.58, ηp
2
= 0.002. An identical analysis was

also conducted on percent error rates. Although the pattern of

error rates mirrored the pattern of RTs, the two-way interaction

between conditional target entropy and cued location was only

marginally significant, F(1,158) = 2.92, p = 0.089, ηp
2
= 0.02.

Furthermore, the interaction between volition condition and cued

location did not attain significance, F(1,158) = 0.42, p = 0.52,

ηp
2
= 0.003.

Analyses of agency ratings

A mixed-effects (growth-curve) modeling approach was used

in the present study to examine potential individual differences

in voluntary attention control. Mixed-effects models explicitly

distinguish between fixed factors and random factors in the analysis

of repeated measures designs (see Singer and Willett, 2003, for

an introduction to these methods), where a fixed factor refers

to an independent variable whose levels have been pre-selected

by the researcher and a random factor refers to an independent

variable whose levels have been chosen randomly. In this way,

each participant in a repeated measures design is a random level

of an independent variable labeled “subject;” in this context, a

significant effect of the random “subject” factor is reflected by

significant variation across the different levels of the subject factor

(constituting individual differences). One of themain advantages to

using mixed-effects models is that they afford greater flexibility in

how the random subject factor is allowed to interact with the fixed

factor (see, Kliegl et al., 2011; Barr et al., 2013; Matuschek et al.,

2017; Oberaurer, 2022 for recent discussion).

To help understand the advantage of the mixed-effects model

approach, consider the standard univariate ANOVA approach to

analyzing repeated measures designs. In this standard approach,

the fixed factor—conditional target entropy—must be treated as

a categorical variable whereas it can be treated as a continuous

variable in the mixed-effects model approach. Figures 3A, B show

both the individual (light gray lines) and average (dark black

symbols and lines) agency ratings plotted as a function of

conditional target entropy in each of the direction assigned and

direction selected conditions, respectively. In these designs, the

subject X conditional target entropy interaction serves as the

error term (i.e., the denominator) in the F-test that evaluates

the main effect of conditional target entropy within each volition

condition. However, this interaction is assumed to be zero in the

population within the context of the univariate ANOVA approach;

this assumption is called the “sphericity assumption.”

From the perspective of mixed-effects models, sphericity

corresponds to a model that includes conditional target entropy

as the fixed factor along with a random intercept factor that

allows each participant to have a unique intercept. However,

this model assumes that the individual difference in intercepts is

the only difference between individuals’ true trajectories which

are all assumed to be parallel. For instance, Figures 3C, D show

the individual trajectories that would be predicted by a random

intercept model in each of the direction assigned and direction

selected conditions. The discrepancy that is apparent between the

actual and predicted individual trajectories reflects nothing more

than error according to the univariate approach.
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FIGURE 3

The univariate approach to analyzing “control felt” agency ratings as a function of conditional target entropy. Note the three levels of conditional

target entropy are treated as a categorical variable in the univariate approach. (A) Actual individual (light gray lines) and average (dark black symbols

and lines) “control felt” agency ratings depicted as function of conditional target entropy in the direction assigned condition. (B) Actual individual

(light gray lines) and average (dark black symbols and lines) “control felt” agency ratings depicted as function of conditional target entropy in the

direction selected condition. (C) Predicted individual (light gray lines) and average (dark black symbols and lines) “control felt” agency ratings

depicted as function of conditional target entropy in the direction assigned condition when sphericity is assumed. (D) Predicted individual (light gray

lines) and average (dark black symbols and lines) “control felt” agency ratings depicted as function of conditional target entropy in the direction

selected condition when sphericity is assumed.

However, if the actual individual trajectories depicted on the

left-hand side of Figure 3 reflect the existence of slopes (and

intercepts) that are truly different for each participant, then this

would represent a violation of the sphericity assumption, and

the univariate approach to analyzing repeated measures designs

would no longer be statistically appropriate because the type I

error rate could be drastically higher than the nominal alpha value

(see Maxwell et al., 2018). Fortunately, there are three potential

solutions to a violation of the sphericity assumption: (1) use various

correction factors (such as Greenhouse-Geisser) that adjust the

degrees of freedom and thus the critical values associated with the

univariate F-tests; (2) use the multivariate approach to analyzing

repeated measures designs; and (3) use the mixed-effects approach

to analyzing repeated measure designs. Options 2 and 3 have been

deemed the most appropriate because they take into consideration

all the error that results when the subject X fixed factor interaction

is non-zero (Maxwell et al., 2018). The main difference between

options 2 and 3 is that the multivariate approach does not attempt

to explicitly model the random factors whereas the mixed-effects

model does.

Accordingly, we used a growth-curve modeling approach in

the present study that treated the two levels of volition condition

(direction assigned vs. direction selected) as a categorical variable

and the three levels of conditional target entropy as a continuous

variable. The statistical model included fixed main effects of

volition condition and conditional target entropy as well as the

interaction between these two fixed factors. In addition, the

statistical model also included both random slope and intercept

factors that were fit across the three levels of conditional target

entropy. Note that the conditional target entropy scale was shifted

by −1.00 bit in the analysis so that the value of the intercept

estimate corresponded with the value predicted in the 1.00-bit

(100%-valid) cue condition. These analyses were conducted using

SAS PROC MIXED. Model parameters were estimated using

restricted maximum likelihood (REML), and accompanying p-

values were calculated based on a Wald test, both of which are the

default setting in SAS PROCMIXED.

Figure 4 depicts the individual (light gray lines) and average

(dark black symbols and lines) agency slopes (and intercepts) that

were fit across the three levels of conditional target entropy in

each of the direction assigned (panel A) and direction selected

(panel B) conditions. There were significant fixed main effects of

volition condition, F(1,158) = 15.04, p = 0.0002, η
2
= 0.09, and

conditional target entropy, F(1,158) = 64.19, p < 0.0001, η2 = 0.29.

More importantly, as expected, there was also a significant volition

condition X conditional target entropy interaction, F(1,158) = 26.23,

p < 0.0001, η
2
= 0.14, suggesting that conditional target entropy

had a larger effect on agency ratings in the direction selected

condition than in the direction assigned condition.

The two-way interaction between volition condition and

conditional target entropy was examined further by analyzing

the fixed effect of conditional target entropy, along with the

random intercept and slope factors, within each volition condition

separately. With respect to the direction assigned condition, we

expected to replicate the main findings reported by Gibson et al.

(2023). Consistent with their findings, the average slope was found

to be slightly negative (-0.21 units of agency/bit), and it was also

found to be significant in this experiment, F(1,79) = 3.98, p= 0.049,
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FIGURE 4

The linear growth curve model approach to analyzing “control felt”

agency ratings as a function of conditional target entropy. Note the

three levels of conditional target entropy are treated as a continuous

variable in the linear growth curve approach. (A) Predicted individual

(light gray lines) and average (dark black symbols and lines) “control

felt” agency ratings depicted as function of conditional target

entropy in the direction assigned condition when both random

slope and intercept factors are included in the growth curve model.

(B) Predicted individual (light gray lines) and average (dark black

symbols and lines) “control felt” agency ratings depicted as function

of conditional target entropy in the direction selected condition

when both random slope and intercept factors are included in the

growth curve model.

η
2
= 0.05, 95% CI [−0.42, −0.0006]. In addition, the variance

associated with the random slope factor was found to be significant,

Var = 0.79, z = 5.55, p < 0.0001, 95% CI [0.57, 1.16], as was

the variance associated with the random intercept factor, Var =

1.96, z = 5.70, p < 0.0001, 95% CI [1.43, 2.86]. The fact that the

variance associated with the random slope factor was significant

suggests that the individual differences in the slope estimates

represented true slope differences; therefore, contrary to the

sphericity assumption underlying the standard univariate ANOVA

approach to analyzing repeated measures designs, these findings

suggest that a statistical model which only allows individuals to

differ in their intercepts should be rejected. In addition, there

was also significant covariation between these two random factors,

Cov = −0.79, z = −4.22, p < 0.0001, 95% CI [−1.15, −0.42],

which corresponds to a correlation (r) of −0.632. This finding

suggests that the slope estimates tended to vary inversely with the

intercept estimates.

With respect to the direction selected condition, the average

slope was strongly negative (-0.95 units of agency/bit), and it

was also found to be significant in this experiment, F(1,79) =

90.65, p < 0.0001, η
2

= 0.53, 95% CI [−1.15, −0.76]. In

addition, the variance associated with the random slope factor

was found to be significant, Var = 0.55, z = 4.10, p < 0.0001,

95% CI [0.36, 0.95], as was the variance associated with the

random intercept factor, Var = 0.47, z = 2.72, p =0.003,

95% CI [0.26, 1.13]. As in the direction assigned condition,

the fact that the variance associated with the random slope

factor was significant suggests that a statistical model which only

allows individuals to differ in their intercepts should be rejected.

However, the covariation between these two random factors did

not attain significance, Cov = −0.10, z = −0.86, p = 0.39,

95% CI [−0.40, 0.13], which corresponds to a correlation (r)

of−0.198.

One way to help visualize the treatment effects associated

with the random slope and intercept factors is to depict the

corresponding theoretical population distributions that were

extracted by the growth-curve models in this experiment. The

distributions associated with the direction assigned and direction

selected conditions are depicted in Figure 5; as required by the

mixed-effects modeling approach, these distributions are assumed

to have a normal shape.

With respect to the direction assigned condition (solid lines),

the mean value of the slope distribution was −0.21 units of

agency/bit, and it had a standard deviation of 0.89 units of

agency/bit (see Figure 5, Left); the mean value of the intercept

distribution was 5.53 units of agency, and it had a standard

deviation of 1.40 units of agency (see Figure 5, Right). Based

on the random slope distribution, it was estimated that a slight

majority (60%) of individuals would be expected to exhibit the

expected pattern in which they felt the greatest agency in the 1.00-

bit (100%-value) cue context and the least agency in the 3.00-bit

(25%-valid) cue context—i.e., a slope <0, though this also means

that a substantial percentage of individuals (40%) would also be

expected to exhibit the opposite pattern. These findings corroborate

the findings reported by Gibson et al. (2023) using a number cue

that should not have elicited involuntary (or automatized) shifts

of attention.

With respect to the direction selected condition (dotted lines),

the mean value of the slope distribution was −0.95 units of

agency/bit, and it had a standard deviation of 0.74 units of

agency/bit (see Figure 5, Left); the mean value of the intercept

distribution was 6.30 units of agency, and it had a standard

deviation of 0.68 units of agency (see Figure 5, Right). Based on

the random slope distribution, it was estimated that a substantial

majority (90%) of individuals would be expected to exhibit the

expected pattern in which they felt the greatest agency in the 1.00-

bit (100%-value) cue context and the least agency in the 3.00-bit

(25%-valid) cue context—i.e., a slope <0. These findings support

the conclusion that allowing participants to voluntarily choose

(or not) the direction of the number cue on each trial increased

the proportion of participants who generated negatively sloped

growth curves.

The percentage of positive and negative slopes estimated by

the mixed-effects modeling approach requires an assumption of

normality, which can be difficult to prove, especially when relatively

small samples are used. To allay these concerns, we also used the

Ordinary Least Squares (OLS) method to estimate the observed

agency slopes for each participant in order to count the relative

number of positive and negative slopes observed in our sample, as

well as to help visualize how the direction of the slope estimates

varied inversely with the intercept estimates, at least in the direction

assigned condition.
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FIGURE 5

Theoretical population distributions of agency ratings that were extracted by the growth-curve models in the direction assigned (solid line) and

direction selected (dotted line) conditions. The distribution of slopes is shown in the Left and the distribution of intercepts is shown in the Right.

With respect to the direction assigned condition, there were

48 individuals (60%) with negative slopes, and 24 individuals

(30%) with positive slopes; eight individuals (10%) provided the

same rating across all three conditional target entropy conditions

and were assigned a slope of zero. These percentages are very

similar to the percentages estimated by the corresponding growth

curve model. Likewise, with respect to the direction selected

condition, there were 65 individuals (81.25%) with negative slopes,

and 10 individuals (12.5%) with positive slopes; five individuals

(6.25%) provided the same rating across all three conditional

target entropy conditions and were assigned a slope of zero. These

percentages were also very similar to the percentages estimated by

the corresponding growth curve model. Thus, the percentage of

positive and negative slopes observed in the empirical frequency

distribution of OLS slopes was similar to the percentage inferred

from the theoretical distributions suggesting that the assumption

of normality was justified.

It is also worth pointing out that, within the context of classical

test theory, reliability is conceptualized as the ratio of true variance

to observed variance. In the present study, the estimated variance

of the random slope and intercept factors can be interpreted as

the true variance and the estimated variance of the individual OLS

slopes and intercepts can be interpreted as the observed variance.

In the direction assigned condition, the ratio of these two variances

was found to be 0.89 for slopes and 0.91 for intercepts; in the

direction selected condition, the ratio of these two variances was

found to be 0.68 for slopes and 0.49 for intercepts.

Figures 6A, B show the relation between the direction of

the OLS slope estimates and the magnitude of the OLS

intercept estimates in the direction assigned and direction selected

conditions, respectively. With respect to the direction assigned

condition (see Figure 6A), in the 1.00-bit (100%-valid) cue

condition, the agency ratings reported by the group of individuals

with negatively sloped growth curve estimates (M = 5.97, SE =

0.18) were significantly higher than the agency ratings reported by

the group with positively sloped growth curve estimates (M = 4.19,

SE = 0.25), F(1,70) = 33.85, p < 0.001, η
2
= 0.33. In contrast, in

the 3.00-bit (25%-valid) cue condition, the agency ratings reported

by the group of individuals with negatively sloped growth curve

estimates (M = 4.40, SE = 0.19) were now significantly lower than

the agency ratings reported by the group with positively sloped

growth curve estimates (M = 5.86, SE = 0.27), F(1,70) = 20.08, p

< 0.001, η2
= 0.22. In the 2.36-bit (70%-valid) cue condition, the

agency ratings reported by the group of individuals with negatively

sloped growth curve estimates (M = 4.99, SE = 0.16) were more

similar to the agency ratings reported by the group with positively

sloped growth curve estimates (M = 5.41, SE = 0.22) and the two

groups did not differ significantly in this condition, F(1,70) = 2.41, p

= 0.12, η2
= 0.03.

In addition, we also conducted a repeated measures analysis

on agency ratings in the direction assigned condition with cue

presence (no cue vs. 3.00 bits) as the sole within-subjects factor

in both the negatively sloped and positively sloped growth curve

groups separately (see the black and white triangles in Figure 6A,

respectively). This analysis was conducted using the univariate

approach because the sphericity assumption could not be violated

with only two levels of the factor. As expected, agency ratings were

significantly higher in the no cue condition (M = 5.30, SE = 0.21)

than in the 3.00-bit (25%-valid) cue condition (M = 4.40, SE =

0.21), for those individuals with negatively sloped growth curve

estimates, F(1,47) = 20.33, p < 0.001, d = 0.92. Likewise, agency

ratings were also significantly higher in the no cue condition (M

= 6.55, SE = 0.11) than in the 3.00-bit (25%-valid) cue condition

(M = 5.86, SE = 0.18), for those individuals with positively sloped

growth curve estimates, F(1,23) = 12.33, p = 0.002, d = 1.01.

Thus, these findings also replicate the findings reported by Gibson

et al. (2023), and suggest that individuals had a stronger sense

of agency when they searched for the target without a cue, even

though neither context provided any top-down information about

the location (or identity) of the target.

Turning now to the direction selected condition (see

Figure 6B), in the 1.00-bit (100%-valid) cue condition, the agency

ratings reported by the group of individuals with negatively sloped

growth curve estimates (M = 6.22, SE = 0.11) were now similar
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FIGURE 6

Average “control felt” agency ratings depicted as function of conditional target entropy. (A) Average agency ratings shown separately for those

individuals who generated negatively sloped and positively sloped growth curves in the direction assigned condition. (B) Average agency ratings

shown separately for those individuals who generated negatively sloped and positively sloped growth curves in the direction selected condition. (C)

Average agency ratings shown separately for those individuals who generated negatively sloped growth curves in the direction assigned and

direction selected conditions. (D) Average agency ratings shown separately for those individuals who generated positively sloped growth curves in

the direction assigned and direction selected conditions. Error bars reflect standard error of the mean.

to the agency ratings reported by the group with positively sloped

growth curve estimates (M = 5.88, SE = 0.29), and the two groups

did not differ significantly in this condition, F(1,73) = 1.82, p

= 0.18, η
2
= 0.02. In contrast, in the 2.36-bit (70%-valid) cue

condition, the agency ratings reported by the group of individuals

with negatively sloped growth curve estimates (M = 4.97, SE =

0.12) were now significantly lower than the agency ratings reported

by the group with positively sloped growth curve estimates (M =

5.98, SE = 0.31), F(1,73) = 8.71, p = 0.004, η2
= 0.11. Likewise, in

the 3.00-bit (25%-valid) cue condition, the agency ratings reported

by the group of individuals with negatively sloped growth curve

estimates (M = 3.69, SE = 0.16 units of agency/bit) were also

significantly lower than the agency ratings reported by the group

with positively sloped growth curve estimates (M = 6.30, SE =

0.48), F(1,73) = 25.54, p < 0.001, η2
= 0.26.

For the sake of comparison, Figure 6C shows the growth curves

of those individuals who generated negatively sloped growth curves

from each of the two volition conditions, and Figure 6D shows

the growth curves of those individuals who generated positively

sloped growth curves from each of the two volition conditions.

As can be seen, those who generated negatively sloped growth

curves were very similar across the two volition conditions whereas

those who generated positively sloped growth curves tended to

have higher agency ratings in the direction selected condition

than in the direction assigned condition across the three levels of

conditional target entropy, and especially in the 1.00-bit (100%-

valid) cue conditions.

We also examined the extent to which participants exercised

their freedom to choose the direction of the cue in the direction

selected condition. Figure 7 shows the proportion of trials that

participants chose the randomly assigned direction in the direction

selected condition as function of conditional target entropy. The

results of the linear growth curve analysis revealed that the average

slope was close to zero (0.007 units of agency/bit), and non-

significant, F(1,79) = 1.26, p= 0.27, η2 = 0.02. In addition, only the

variance associated with the random intercept factor was found to

be significant, Var= 0.10, z= 5.99, p< 0.0001, 95% CI [0.08, 0.15].

The variance associated with the random slope factor was found

to be non-significant, Var = 0.0004, z = 0.71, p =0.24, 95% CI

[0.00009, 0.40], as was the covariation between these two random

factors, Cov =−0.001, z =−0.53, p=0.60, 95% CI [-0.005, 0.003],

which corresponds to a correlation (r) of−0.17.

Given that the average slope did not differ from zero and

given that individual slopes did not differ significantly around

this average, we averaged the proportion of trials that participants

chose the randomly assigned direction across the three levels of

conditional target entropy. The modal proportion was 1.00 (N =

18) and a total of 41 participants (51.25%) had proportions that

were 0.90 or above. Thus, a substantial number of participants

chose not to choose the direction of the cue in the direction

selected condition. Of course, this finding may not be completely

unexpected given that a similar number (48) of individuals were

able to align their experience of agency with the top-down

information that was conveyed by the cues in the direction assigned

condition. However, upon closer inspection, those participants who

chose not to choose the direction of the cue in the direction selected

condition did not always align their experience of agency with the

top-down information conveyed by the cues. Specifically, seven of

these participants generated positively sloped growth curves and

three of these participants generated a zero slope. Thus, a small
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FIGURE 7

Average proportion of trials that participants chose not to change

the randomly assigned direction cue in the direction selected

condition as a function of conditional target entropy. Error bars

reflect standard error of the mean.

number of participants seemed to resist exercising their freedom

to select the direction of the cues as well as the opportunity to align

their agency with the top-down information conveyed by the cues.

In addition, we also examined how participants distributed

their choices across the four possible directions in the direction

selected condition. We measured the distribution of direction

choices by comparing the observed proportion of times each

participant chose each direction with a model that predicted an

equal distribution (0.25) of choices across the four directions. The

magnitude of the deviation of the observed proportion from the

predicted proportion was then squared, and we summed these

squared deviations across the four directions to get a measure

of error.

Figure 8 is a scatterplot that relates this error to the average

proportion of trials that each participant chose the randomly

assigned direction. As expected, the error was essentially zero on

y-axis when the average proportion of accepting the randomly

assigned direction was near 1.00 on the x-axis because these

participants chose not to change the cued direction, and the

experiment was programmed to randomly assign the cued direction

across the four directions. However, most individuals (N =

68) managed to distribute their choices equally across the four

directions even when they exercised their freedom to choose the

cued direction on nearly all the trials. We identified this large

group of participants as the “small bias” group (see the circle

symbols clustered on or near the x-axis) in Figure 8. However, we

also identified two smaller groups of participants who exercised

their freedom to choose the cued direction on nearly all the

trials, but who also seemed to consistently chose only one or two

directions throughout the duration of the experiment. For instance,

we identified one group of four participants as the “medium bias”

group (see the triangle symbols), and another group of eight

participants as the “large bias” group (see the diamond symbols)

in Figure 8 based on the magnitude of their error from the random

distribution model.

Figure 9 shows more clearly how these three groups of

participants distributed their direction choices (or not) across the

four cued directions. As can be seen in Figure 9, when there

was a direction bias (as in the “medium bias” and “large bias”

FIGURE 8

Scatterplot showing the average proportion of trials that each

participant chose not to change the randomly assigned direction of

the cue in the direction selected condition on the x-axis and the

sum of squared error from a model that predicted equal distribution

of cue choice across the four directions on the y-axis.

FIGURE 9

Average proportion that each of the four directions was chosen in

the direction selected condition for each of the small, medium, and

large bias groups identified in Figure 8. Error bars reflect the

standard error of the mean.

groups), participants tended to prefer the above direction. Note

that there is nothing inherently wrong with this pattern of choices,

as participants in the direction selected condition were allowed to

choose any direction they desired. In fact, it is perhaps surprising

that only a total of 12 participants (15%) opted to cue the same

direction on every (or nearly every) trial.

General discussion

The present study attempted to bring top-down attention

control into alignment with voluntary attention control by

combining a standard manipulation of top-down information with

a novel manipulation of volition within the context of the spatial

cueing paradigm. In the present study, top-down information

about the location of a task-relevant target letter was conveyed by

number cues that indicated one of four possible fixed directions

(above vs. below vs. left vs. right) on each trial. The amount of top-

down information was manipulated in the standard way by varying
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the accuracy (or validity) of the cue from 100% (perfect accuracy)

to 25% (chance accuracy); 70%-valid cues were also included as an

intermediate value so that linear functions could be fit across the

three levels of cue validity. The amount of volition was manipulated

in a novel way by manipulating the extent to which participants

could choose the direction of the number cue. Participants were

considered to have more voluntary control when they were allowed

to freely choose (or not) the direction conveyed by the number

cue on each trial (i.e., the direction selected condition); whereas

participants were considered to have less voluntary control when

they were not allowed to change the direction conveyed by the

number cue (i.e., the direction assigned condition).

Although experimental manipulations of top-down

information are usually reported in terms of the accuracy (or

validity) of the cue, here we translated cue validity into conditional

target entropy values—expressed in terms of bits of uncertainty—to

improve the linear fit of our statistical model (see also, Gibson

et al., 2021). In general, we considered top-down and voluntary

attention control to be in alignment when the “control felt”

sense of agency decreased in a linear fashion across the 1.00-bit

(100%-valid), 2.36-bit (70%-valid), and 3.00-bit (25%-valid) cue

conditions. In other words, we expected that individuals should feel

most in control when they had the greatest amount of top-down

information (or the least amount of uncertainty) about the location

of the target; whereas individuals should feel the least in control

when they had the least amount of top-down information (or the

greatest amount of uncertainty) about the location of the target.

However, based on previous findings (Gibson et al., 2023), we also

expected that the effect of top-down information on agency would

interact with the volition manipulation in that we expected that

the fixed effect of conditional target entropy on agency would be

weaker in the direction assigned condition than in the direction

selected condition due to the fact that a smaller proportion of

individuals would have negative slopes in the former condition

than in the latter condition.

The main results of our study were consistent with these

expectations. As expected, there was a significant two-way

interaction between volition condition and conditional target

entropy indicating that the average (fixed) slope was less negative in

the direction assigned condition (−0.21 units of agency/bit) than in

the direction selected condition (-0.95 units of agency/bit), though

both slopes were found to be significantly <0. Furthermore, an

analysis of random factors indicated that the variance associated

with both the random slope and intercept factors was consistently

found to be significant across the two volition conditions. Of

critical importance, as can be seen in Figure 5, the present

findings suggested that only 60% of the area under the theoretical

population distribution of random slope values corresponded to

negative slope values in the direction assigned condition; whereas

90% of the area under the theoretical population distribution of

random slope values corresponded to negative slope values in the

direction selected condition.

In addition, the results also showed significant covariation

between the random slope and intercept factors in the direction

assigned condition, suggesting that the direction of the random

slope values varied inversely with the random intercept values

in the direction assigned condition, but this covariation was not

found to be significant in the direction selected condition. For

instance, Figure 6A shows agency ratings plotted separately for

those individuals who generated negatively sloped growth curves

vs. those who generated positively sloped growth curves in the

direction assigned condition. The most striking aspect of these

two groups is that those individuals who generated negatively

sloped growth curves exhibited the expected trajectory in which

the 1.00-bit (100%-valid) cues elicited the highest ratings, and

the 3.00-bit (25%-valid) cues elicited the lowest ratings. However,

those individuals who generated positively sloped growth curves

exhibited an unexpected trajectory in which the 1.00-bit (100%-

valid) cues elicited the lowest ratings, and the 3.00-bit (25%-valid)

cues elicited the highest ratings. Thus, the findings obtained in

the direction assigned condition corroborate the main findings

reported by Gibson et al. (2023), and they suggest that individuals

can differ dramatically in how much agency they feel in response

to standard manipulations of top-down information in the spatial

cueing paradigm, even when that information is conveyed by

arbitrary number cues.

In contrast, Figure 6B shows agency ratings plotted separately

for those individuals who generated negatively sloped growth

curves vs. those who generated positively sloped growth curves in

the direction selected condition. Unlike in the direction assigned

condition, both groups reported high levels of agency in response

to the 1.00-bit (100%-valid) cues in the direction selected condition.

However, those individuals who generated negatively sloped

growth curves tended to report the lowest ratings in response

to the 3.00-bit (25%-valid) cues; whereas those individuals who

generated positively sloped growth curves tended to report slightly

higher ratings in response to the 3.00-bit (25%-valid) cues than

in response to the 1.00-bit (100%-valid) cues. Thus, the findings

obtained in the direction selected condition are important because

they suggest that top-down attention control can be brought into

greater alignment with voluntary attention control when standard

manipulations of top-down information are combined with novel

manipulations of volition.

In the present study, volition and corresponding feelings

of agency were manipulated by allowing participants to change

the direction of the number cue on each trial. Of course, by

relinquishing the choice of cue direction to the participants, the

experimenter has conceded loss of experimental control over cued

direction; consequently, some directions might have been cued

more than others. However, somewhat surprisingly, our analysis of

how participants distributed their choices over the four directions

suggested that the vast majority (85%) of participants continued

to distribute their choices more or less equally across the four

directions even when they made a voluntary choice on most trials

(see Figures 7–9). Thus, the significant gain in voluntary attention

control that was observed in the direction selected condition

appears to come with relatively little cost to experimental control

(though see the discussion on selection history below).

The present study has focused on the extent to which self-

reported ratings of agency can be influenced by combining the

standard manipulation of top-down information with a novel

manipulation of volition. As has been discussed, the present study

has found that the proportion of negatively sloped growth curves

can be increased when participants are allowed to freely choose
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(or not) the direction of the spatial cue (i.e., the direction selected

condition) relative to the standard paradigm in which participants

are only given top-down information without the option of

controlling the direction of the spatial cue (i.e., the direction

assigned condition). One issue that has not been addressed in the

present study concerns the extent to which other manipulations

of volition might decrease the proportion of negatively sloped

growth curves when combined with top-down information relative

to the standard paradigm. Although Gibson et al. (2023) noted that

those individuals who generated positively sloped growth curves in

the standard paradigm might have been reacting to the extrinsic

nature of the spatial cues, this interpretation was only adopted

by approximately 40% of the participants. One manipulation of

volition that might emphasize the lack of intrinsic control more

strongly is to provide participants with a direction selection display

at the start of each trial, but unlike the direction selected condition

in the present study, this volition manipulation would require

participants to change the direction of the cue in compliance

with an externally controlled instruction (see e.g., Experiment 3

in Huffman and Brockmole, 2020). Demonstrating the ability to

increase as well as decrease the sense of agency in this task would

strengthen our understanding of voluntary attention control in

this task.

Existing theories of attention control have typically assumed

that top-down and voluntary forms of attention control are largely

synonymous, and they have not considered the possibility that

voluntary control processes might have consequences for behavior

that are distinct from top-down control processes. We believe that

such consequences could be explored by examining the relation

between agency ratings and performance measures such as RT.

Notice that in such an analysis agency has gone from being an

outcome variable (as in the present study) to being a predictor

variable. In addition, agency would be a “time-varying” predictor

variable because each participant has contributed four agency

ratings—one rating after each of four blocks—for each of the

three levels of conditional target entropy. As discussed below,

each individual’s average agency rating, as well as the block-by-

block fluctuations around this average, can be useful for predicting

different aspects of the RT effect.

In one preliminary analysis, Gibson et al. (2023) showed that

the agency growth curves were not significantly related to the

corresponding RT growth curves across individuals. However,

there are other, potentially more sensitive analytical techniques

that might be better able to reveal the nature of this relation. We

have decided to treat this issue in a separate article because we

believe that successful adjudication of this issue will require the

introduction of analytical techniques, such as those that enable the

disaggregation of between-person (BP) and within-person (WP)

effects (Curran and Bauer, 2011;Wang andMaxwell, 2015), that are

well established in developmental psychology, but which are still

unfamiliar to those researchers working in the cognitive sciences

(Note: BP and WP effects should not be confused with between-

subjects and within-subjects experimental designs).

The distinction between BP andWP effects reflects a potentially

important distinction because these effects often vary not only in

magnitude, but also in direction. In fact, these two effects have

been shown to be equivalent only under very restricted conditions

that are rarely met in psychology (Molenaar, 2004; Molenaar and

Campbell, 2009). Moreover, both of these BP and WP effects could

be different from group-level effects. Indeed, group-level RTs in

the direction selected condition were found to be significantly

slower than group-level RTs in the direction assigned condition

(see Figure 2), suggesting that increases in agency might slow RTs.

However, contrary to this conclusion, it is likely that increases in

agency would actually result in faster RTs.

For example, consider the 1.00-bit (100%-valid) cue condition.

In general, BP effects would reflect the extent to which persons

who report higher average agency ratings in this conditional target

entropy condition also have faster RTs than persons who report

lower average agency ratings; whereas WP effects would reflect

the extent to which any given person has faster RTs when they

report higher levels of agency than when they report lower levels

of agency. Moreover, we also expect greater alignment between

top-down information and the sense of agency to have a greater

influence on BP effects than on WP effects. That is, when top-

down information is aligned with the sense of agency (as in

the direction selected condition), then most participants will also

report their strongest sense of agency in the 1.00-bit (100%-

valid) cue condition. However, when top-down information is not

aligned with the sense of agency (as in the direction assigned

condition), then only approximately half the participants will

report their strongest sense of agency in this condition whereas

the other half will report their weakest sense of agency in this

condition. Thus, although participants in the direction selected

condition might have overall slower RTs than participants in the

direction assigned condition, we expect larger decreases in RT as

a function of increasing average agency ratings in the direction

selected condition than in the direction assigned condition as a

result of this greater between person alignment. In contrast, because

WP effects are relative to fluctuations in agency around each

individual’s average rating, such effects may not vary across the two

volition conditions.

The extent to which voluntary attention control processes

might have unique effects on performance will require isolating

this form of control from other forms of control such as top-down

and experience-dependent attention control processes. Fortunately,

isolating voluntary attention control from top-down attention

control can be easily accomplished by examining the BP and WP

effects of agency across the two volition conditions for each level

of conditional target entropy (cue validity) separately. As such,

any observed BP and/or WP effects could be uniquely attributed

to voluntary attention control processes because the amount of

top-down attention control would be equated across the two

volition conditions.

In addition, isolating voluntary attention control processes

from experience-dependent attention control processes should also

be easily accomplished so long as selection-based experiences can

be equated across the two volition conditions. For instance, one

type of selection-based experience that is known to “prime” or

speed RTs in various attention tasks is the repetition of target

location on successive trials (for reviews, see Awh et al., 2012;

Anderson et al., 2021). As was noted above, a small number of

individuals (N = 12) in the direction selected condition did tend to

choose the same cued direction across trials, which could facilitate
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the selection of information from that location and thus lead to

faster RTs for these individuals. Indeed, a preliminary analysis

indicated that overall mean correct RTs were approximately 120ms

faster for those 12 individuals in the direction selected condition

who tended to choose the same cued direction across trials relative

to the majority of participants who tended to distribute cued

direction (either by choice or by default) across the four directions

more equally, though it should be noted that this RT difference

did not attain significance (p = 0.19) in the present study. Thus,

examination of the BP and WP effects of agency on RTs must

be confined to trials in which the location of the target is not

repeated on successive trials to ensure that those effects are distinct

from experience-based control processes. In addition, the design

of the direction selection condition could also be easily modified

to prohibit participants from choosing the same cued direction on

successive trials.

In conclusion, previous research reported by Gibson et al.

(2023) has suggested that top-down and voluntary attention control

are aligned for only about half of the participants in the standard

spatial cueing paradigm. The present study replicated the previous

findings reported by Gibson et al. (2023) under conditions in

which the standard manipulation of top-down information was

conveyed by a number cue (as opposed to an arrow or onset

cue). But more importantly, the present study also showed that

the proportion of individuals who aligned top-down and voluntary

attention control could be increased (up to approximately 90%)

by combining the standard manipulation of top-down information

with a novel manipulation of volition in a separate condition in

which participants were given the opportunity to freely choose

(or not) the direction of the spatial cue on each trial. Moreover,

despite conceding control of cued direction (but not cue validity)

to participants in this latter condition, most participants (85%)

nevertheless distributed their direction choices equally across the

four directions. These findings suggest that providing participants

active control of stimulus parameters may be required to elicit a

strong sense of agency (and voluntary control) in the laboratory.
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