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Previous research has shown that Stroop effects interact with working memory capacity (WMC) more
strongly with lists of mostly congruent items. Although the predominant explanation for this relationship is
goal maintenance, some research has challenged whether listwide effects truly reflect goal-maintenance abil-
ities. The current study improved upon previous methodology by using both within-subject and between-
subjects manipulations of goal reminder, increasing both the number of trials between reminders and the
total length of the task to allow for greater goal neglect, and more precisely maintaining congruency propor-
tion within each block. Participants completed the Automated Operation Span followed by a Stroop task in
which they stopped every 24 trials to vocalize either a goal-reminder statement (“name the color not the
word”) or a nongoal statement (“This is part of my intro to psychology class”). In the within-subject manip-
ulation (Experiment 1), there was no consistent benefit for goal reminders over nongoal statements.
However, in the between-subjects manipulation (Experiment 2), results demonstrated a strong benefit of
goal reminders, such that goal reminders eliminated the relation between WMC and Stroop effects, whereas
that relation was robust following nongoal statements. Moreover, the benefit of receiving goal reminders
lasted for at least 24 trials and accumulated across the course of the experiment. These data provide strong
evidence that goal reminders eliminate the relationship between WMC and Stroop errors and suggest goal
reminders can be a useful intervention for those suffering from lapses in controlled attention.
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Working memory capacity (WMC) refers to the ability to main-
tain information in the face of distractions. Newer conceptualiza-
tions demonstrate that WMC reflects maintenance of information
enabled by attention control, which is critical for maintaining
attention on goal relevant information and avoiding external and
internal distractions (Burgoyne & Engle, 2020; Shipstead et al.,
2016). As a result, individuals higher in WMC are better at main-
taining task goals in an active state, leading to selective attention
of task-relevant stimuli and producing task-appropriate responses
(Conway et al., 2001; Engle, 2002; Kane et al., 2001). In contrast,
lower WMC individuals are often subject to goal neglect (Duncan
et al., 1996), leading to more interference from task-irrelevant
stimuli and automatic, but task-inappropriate, responses. Such dif-
ferences in the ability to control attention lead to WMC-related

performance differences across many attention-related tasks,
including dichotic listening (Conway et al., 2001), the antisaccade
task (Kane et al., 2001; Unsworth et al., 2004), the Simon task
(Miller et al., 2012), the Sustained Attention to Response task
(McVay & Kane, 2009), and the AX-CPT (Redick, 2014).

Conflict tasks, such as the Stroop task (Stroop, 1935), provide a
particularly strong demonstration of WMC-related differences in
the ability to control attention because they require suppressing a
habitual task-inappropriate response in order to give a more con-
trolled task-appropriate response. In the Stroop task, participants
are presented with color names presented in either congruent font
(e.g., GREEN in green font) or incongruent font (GREEN in blue
font). The task is to name the font color while ignoring the word
itself. Thus, successful performance on the Stroop task requires
suppressing the strong, habitual response to say the word (Miller
& Cohen, 2001). The Stroop effect represents the typical finding
that participants respond slower and less accurately when naming
the font color of incongruent words than when naming the font
color of congruent words (for a review, see MacLeod, 1991).

Within the Stroop task, Kane and Engle (2003) found that the
percentage of congruent trials moderates the degree to which
WMC interacts with task performance. They argued that, in mostly
incongruent (MI) Stroop lists, the response conflict triggered dur-
ing each incongruent trial serves as a reminder of the task goal to
name the color, rather than the word, providing external support
for goal maintenance. As a result, WMC-related differences are
not as strong and not consistently found in MI Stroop lists. In
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contrast, in mostly congruent (MC) Stroop lists, the infrequent
number of incongruent trials requires participants to internally
maintain the task goal in order to accurately respond to the rare
incongruent trials. Here, higher WMC individuals outperform
lower WMC individuals, presumably because they can maintain
the task goal internally, whereas lower WMC individuals are more
dependent upon external support (i.e., reminders in the form of fre-
quent incongruent trials) to avoid goal neglect.
In addition to producing more Stroop errors, lower WMC indi-

viduals also typically have larger Stroop effects in reaction times.
This pattern can be explained by Kane and Engle’s (2003) two-process
model of goal maintenance and conflict resolution. For instance, when
participants neglect or forget the task goal, Stroop effects manifest
mainly in errors. In contrast, when participants attempt to resolve the
competition between conflicting word and color responses on incon-
gruent trials, Stroop effects manifest mainly in reaction times.
Although the goal-maintenance account of WMC differences in

Stroop effects has received support (Entel & Tzelgov, 2020; Hutchi-
son, 2011; Hutchison et al., 2013; Morey et al., 2012), some research-
ers have challenged the assumption that list-based proportion
congruency (PC) effects in Stroop performance actually reflect differ-
ences in goal maintenance over time. Two alternative accounts include
item-specific proportion congruency differences across lists (Jacoby
et al., 2003) and temporal learning of response times (Schmidt, 2013).
The item-specific proportion congruency effect refers to the finding

of reduced Stroop effects for specific words that usually appear in an
incongruent font color, relative to words that usually appear in a congru-
ent font color. If listwide PC effects are indeed due solely to item-level
effects within these lists, rather than differences in goal maintenance, it
would require a different explanation for why WMC differences only
emerge in MC lists. Instead, an alternative possibility could be that MC
items capture attention and/or trigger word reading more strongly for
lower WMC individuals than higher WMC, perhaps because lower
WMC individuals are less able to suppress the habitual word reading
response triggered by these items (Kane et al., 2001; Kane & Engle,
2003). However, more recent studies have cast doubt on this alternative
explanation by demonstrating that the listwide PC effect is not simply
an item-specific PC effect in disguise. Specifically, list-level PC effects
emerge even when item-specific PC levels are held constant (Bugg &
Chanani, 2011; Bugg et al., 2011; Hutchison, 2011; Spinelli & Lupker,
2022). Moreover, Hutchison (2011) found larger WMC differences in
MC lists even when item-specific PC effects were held constant. None-
theless, it is still possible that part of enhanced WMC differences in
Stroop performance within MC lists is due to the MC items within these
lists reactively triggering word reading.
A second alternative account of listwide PC effects is that they

reflect temporal learning of response times (Schmidt, 2013, 2014).
According to this account, MC Stroop lists can lead people to de-
velop a rhythm of responding more quickly, which causes disrup-
tion when they encounter the less frequent, incongruent items,
producing larger Stroop effects in such lists. This would suggest
that part of the list-PC effect is caused by temporal learning.
Although, again, it is not clear how such temporal learning differ-
ences could explain larger WMC differences in MC lists, although
it is possible that those lower in WMC are more influenced by
temporal learning than those higher in WMC. However, as with
the item-specific PC explanation, there is recent evidence against
the temporal learning account of listwide PC effects in general.
Specifically, Cohen-Shikora et al. (2019) examined the robustness

of this account by conducting analyses on multiple published data
sets in which listwide PC effects were observed. Their comprehen-
sive evaluation failed to find strong or consistent evidence of the
temporal learning account. Further, they demonstrated that list-
wide PC effects remained significant even after controlling for
temporal learning (cf., Spinelli et al., 2019, for similar findings).
Nonetheless, in the absence of such manipulations, it is possible
temporal learning can contribute to listwide PC effects and, in
turn, could influence WMC differences across lists.

Because of the issues raised above, differences in Stroop effects
between MC and MI lists probably reflect more than simply goal
maintenance differences across lists. As a result, researchers need a
more straightforward measure of goal maintenance than simply using
different PC lists and inferring maintenance differences across them.
One such alternative approach uses precues to signal the probability
of congruency for an upcoming Stroop trial or list (e.g., Bugg et al.,
2015; Correa et al., 2009; Gratton et al., 1992; Logan & Zbrodoff,
1982; see Bugg & Smallwood, 2016; for a review). For instance,
Bugg et al. (2015, Experiment 5) used precues to vary expectations
for each upcoming list of 20 trials, while holding proportion congru-
ency constant (at 50%). Results demonstrated larger Stroop effects
when participants were cued that an upcoming list was going to be
MC, compared to when they were cued that an upcoming list was
going to be MI. However, this was only significant for the first half
of the trials within the lists. Further, Hutchison et al. (2016) found
that precuing participants eliminated both listwide and item-specific
PC effects, suggesting that cuing participants to engage control prior
to stimulus onset reduces the impact of list-based and item-based fac-
tors that direct attention toward or away from word reading.

Although such precuing studies can manipulate expectations of
upcoming conflict, an important critique is that such cues are unnatu-
ral for the Stroop task. Typical instructions for the Stroop task
instruct participants to respond to the color and ignore the word.
Therefore, using precues that specify the likelihood of congruency of
the distractor word directs participants’ attention toward what is nor-
mally considered the “irrelevant” dimension in Stroop studies (word
reading). Because of this, we believe that a more appropriate manipu-
lation is to use explicit goal reminders, as they allow for a straightfor-
ward alternative manipulation of goal maintenance. For this reason,
we first provide a very brief review of developmental studies on the
effectiveness of providing goal reminders to children and then dis-
cuss our lab’s recent extension of this method for young adults.

Directly Testing the Goal Reminder Account

Although a goal reminder intervention has not been used for
those lower in WMC (but see Hood & Hutchison, 2021), it has
been used with children, who also struggle with attention control
(AC) and have poor executive function (Diamond, 2013). For
instance, Gonthier et al. (2021) had preschoolers complete Stroop
and Flanker tasks and manipulated listwise PC in both tasks while
controlling for item-specific PC. Children’s performance on these
tasks mimicked that of lower WMC individuals. Specifically, they
had larger Stroop and Flanker effects for MC lists, suggesting they
are dependent on external support provided by frequent incongruent
items within a list. Relatedly, Simpson and Riggs (2005, 2007)
found that, even though young children can accurately answer ques-
tions about task rules when prompted, they still neglect these rules
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when performing the tasks, especially during tasks that require sup-
pressing well-practiced responses.
Because of such early deficits in goal maintenance, providing goal

reminders can be especially helpful for children. Barker and Munakata
(2015) gave 3-year-old children goal orienting reminders in a go/no-go
task and found that these reminders benefited cognitive control, such
that children in the reminder conditions had fewer no-go intrusion
errors, suggesting greater suppression of habitual responding. Addi-
tional studies by Blaye and Chevalier (2011; see also Chevalier &
Blaye, 2009) have demonstrated that such benefits are stronger when
reminders are more descriptive and clearer about the goal of the given
task. Together, these results demonstrate that goal reminders can
improve task performance in young children by improving explicit con-
trol over performance and therefore may help those lower in WMC.
Our lab recently extended the use of goal reminders within a

young adult population (Hood & Hutchison, 2021). In that study, par-
ticipants first completed the Automated Operation Span (AOSPAN)
followed by a Stroop task with a MC list in which all items were
75% congruent. At the beginning of the Stroop task, all participants
were given instructions stating that “the goal of this task is to name
the color (not the word itself)” and to “please respond both quickly
and accurately.” However, during the Stroop task, participants in the
goal-reminder condition stopped every 12 trials to vocalize the task
goal of “the goal is to name the color, not the word” when given the
prompt “the goal is to name the—not the—.” In contrast, participants
in the nongoal statement condition also stopped every 12 trials, but
instead vocalized a nongoal statement of “this task is for my intro to
psychology class” when given the prompt “this task is for my—to—
class.” Lastly, participants in the true control condition did not
rehearse any statement. Instead, they simply received a rest break

every 60 trials, as in typical Stroop paradigms (Cothran & Larsen,
2008; Entel & Tzelgov, 2020; Hutchison, 2007; Hutchison et al.,
2013, 2016; Naber et al., 2016).

The main finding of this study is shown in Figure 1 We first
examined the effect of giving participants a goal reminder by com-
paring the goal reminder condition to the other two conditions
(collapsing across control conditions). As can be seen in the figure,
we replicated the typical finding that individuals higher in WMC
demonstrated fewer Stroop errors (Hutchison, 2007, 2011; Kane
& Engle, 2003; Long & Prat, 2002). Also, importantly, having
participants vocalize the task goal every 12 trials eliminated the
relationship between WMC and Stroop errors.

When testing each reminder condition relative to the true con-
trol, we found that only the goal reminder condition significantly
differed from the true control. Specifically, there was a significant
WMC 3 Goal Reminder interaction when comparing the goal re-
minder (blue [black] line in Figure 1) to the true control (red [dark
gray] line in Figure 1), with WMC predicting Stroop effects in the
true control condition, but not in the goal reminder condition. In
contrast, when comparing the nongoal reminder (gold [light gray]
line in Figure 1) to the true control, there was only a main effect of
WMC and no interaction with reminder condition.

In addition to this main analysis, we examined whether effects
of goal reminders would be stronger for the first half of trials after
a break (relative to the same yoked six trials in the true control
condition) than for the second half of the trials after a break. We
found some evidence that the benefit of goal reminding might be
stronger for the first half of the trials after the goal reminder. Spe-
cifically, the WMC 3 Reminder Condition interaction was signifi-
cant in the first half of the trials, but not in the second half

Figure 1
Hood and Hutchison (2021) Stroop Errors as a Function of Goal Reminder Condition and
Working Memory Capacity

Note. Blue = goal reminder, Gold = nongoal reminder, Red = true control. Adapted from “Providing Goal
Reminders Eliminates the Relationship Between Working Memory Capacity and Stroop Errors,” by A. V. B.
Hood and K. A. Hutchison, 2021, Attention, Perception, & Psychophysics, 83(1), 85–96. Copyright 2021 by
Springer Nature. Reprinted with permission. See the online article for the color version of this figure.
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(although the 3-way WMC3 Reminder Condition3 Half interac-
tion was not significant). This suggests possible temporal dynamics
of goal reminders in initially overcoming the goal neglect experi-
enced by individuals lower in WMC, but potentially failing to have
a sustained effect. Thus, it is possible the effect of receiving goal
reminders is short-lived. However, because the three-way WMC 3
Reminder Condition 3 Half interaction was not significant, this
possibility remains speculative.

Current Study

The purpose of the current study is to address potential concerns
of Hood and Hutchison (2021), with the aim of providing a cleaner
and more powerful test of the goal-maintenance explanation for
WMC-related differences in Stroop performance. Specifically, we
wanted to address two ambiguous results regarding Hood and Hutch-
ison’s findings. First, although only the goal reminder condition sig-
nificantly differed from the true control in its relation to WMC, there
was no difference between the relation of WMC to Stroop effects
between the goal reminder and nongoal statement conditions when
directly compared. This suggests the temporal breaks or vocalized
statements present in the nongoal condition might also have reduced
the relation between WMC and Stroop errors. Second, the lack of a
three-way Reminder Condition 3 WMC 3 Half interaction leaves
open the question of how long these goal reminders last in helping to
maintain cognitive control across trials.
To address these issues, we made four main changes to the Hood

and Hutchison methodology. First, given the possibility that goal
reminders are short-lived, we implemented a more powerful within-
subject manipulation of reminder condition, with each participant
receiving both goal reminder and nongoal statements throughout the
experiment. Second, we included more trials within blocks so that
goal reminders appeared less often, as this allows for more consecu-
tive, uninterrupted congruent trials, which should increase Stroop
correlations with WMC (Meier & Kane, 2013). Third, we included
more blocks of trials to allow additional time for goal neglect over
the course of the experiment, as mind wandering tends to increase
across the duration of experiments (Cunningham et al., 2000; Krim-
sky et al., 2017; McVay & Kane, 2012; Smallwood et al., 2004;
Thomson et al., 2014). Fourth, we held item PC at 75% within every
12 trials, rather than simply across the overall experiment, as this
should reduce noise created by varying levels of PC following each
reminder. Specifically, in reexamining the Hood and Hutchison data,
although their overall PC was 75%, the actual PC for the 12 trials fol-
lowing each reminder varied considerably (SD = 11.7%), ranging
between 33% and 100% across subjects and blocks. If we assume
that each incongruent trial also serves as an external reminder
(Hutchison, 2007; Kane & Engle, 2003), providing goal reminders
should have less impact when followed by mostly incongruent trials
than when followed by mostly congruent trials.
As with Hood and Hutchison (2021), we hypothesized that pro-

viding goal reminders should eliminate the relationship between
WMC and Stroop effects. Further, with the within-subject manipu-
lation of goal condition, the longer duration between reminders, the
longer duration of the experiment, and the more precise manipula-
tion of PC, we expect a significant Reminder Condition3 WMC3
Congruency interaction, with the relationship between WMC and
Stroop effects (particularly errors) still intact in the nongoal state-
ment condition, but eliminated in the goal reminder condition.

Finally, if the effects of goal reminders are short-lived, this interac-
tion should be significant in the first 12 trials following the re-
minder, but not in the second 12 trials following the reminder.

Experiment 1

Method

Participants and Design

In accord with Simmons and colleagues (2011), we report how
we determined our sample size, all data exclusions, all manipula-
tions, and all measures in the study. This study was not preregis-
tered. Based on data from Hutchison (2011) and Hood and
Hutchison (2021) examining the correlation between AOSPAN per-
formance and MC Stroop list errors and reaction times, we pre-
dicted a medium-sized correlation (r = .30). Using G-power, the a
priori power analysis indicated a sample size of 93 to have 85%
power for detecting this correlation when employing the traditional
.05 criterion of statistical significance. Although we aimed for at
least 93 participants, 105 undergraduates from Montana State Uni-
versity (Mage = 19.81, SDage = 3.12, 41 male, 61 female, 1 other, 2
no response) had participated in the study for partial course credit
by the end of the semester. Because one participant was missing
scores from the AOSPAN task, the final analysis is based on 104
participants.

Measures and Apparatus

We used E-studio E-prime software from Psychology Software
Tools (Version 2.8.90) to program and present the Stroop stimuli.
Stimuli were presented using a Dell Optiplex 9020; with an Intel
Core processing unit with 8.00 GB of RAM and were displayed
on a 16-in. Dell monitor with 1024 3 768 screen resolution. The
E-prime experimental lists for both studies are uploaded to OSF
and available at https://osf.io/3ej8b.

Automated Operation Span (AOSPAN). Participants first
completed the Automated Operation Span (AOSPAN; Unsworth
et al., 2005). During this task, participants were asked to make
“true” or “false” decisions via a mouse click to simple math prob-
lems (e.g., 4/2 þ 3 = 6?). After each math decision, a letter would
appear for 250 ms for the participant to memorize. After each set of
trials, a recall screen was presented listing 12 possible letters and the
participant was instructed to click the mouse next to the shown let-
ters in the correct order that they were presented. The task was com-
posed of three blocks, with each block containing five sets of
between three-to-seven trials, for a total of 75 letters and 75 math
problems. The AOSPAN was scored by summing the total number
of letters recalled in the correct serial position, as recommended by
Conway and colleagues (2005).1

1 As in Hood and Hutchison (2021), we did not use any exclusion
criteria for AOSPAN performance. The positive relationship between
processing accuracy and storage/recall suggests that using a processing
score cutoff would remove more lower span than higher span individuals
(see Richmond et al., 2022; Unsworth et al., 2009). Nonetheless, we
repeated all our analyses when using the 85% criterion and included these
in the online supplemental material. Of note, the critical three-way
Reminder Condition 3 WMC 3 Congruency interaction in Experiment 2
remained significant when an 85% criterion was used.
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Stroop (Stroop, 1935). Participants completed a 75% congru-
ent version of the Stroop task similar to the goal reminder and non-
goal statement conditions in Hood and Hutchison (2021).
However, as discussed above, there were four important modifica-
tions from the Hood and Hutchison procedure. First, reminders
were given every 24 trials, rather than every 12 trials. Second, the
goal reminder and nongoal statement conditions were manipulated
within subjects, rather than between, and were randomly presented
twice each within each block of 96 trials to maintain a similar ratio
of goal and nongoal conditions throughout the duration of the
experiment while still allowing condition to be randomized within
each block. This also meant that neither the goal nor nongoal con-
ditions could occur more than four times in a row (e.g., last two
conditions of one block and first two of the next). Third, 75% con-
gruency was maintained within every 12 trials, rather than simply
experiment-wide. To accomplish this while keeping the congru-
ency at 75%, it was necessary to switch from four words/colors to
three so that, within each 12 trials, each word could be presented
three times in the congruent color and once in an incongruent
color. Fourth, we increased the number of total trials from 216 to
384 trials.
Stimuli consisted of one of three words (RED, GREEN, BLUE)

presented upon a black background. Within every 12 trials, each
word was presented three times in its congruent color (e.g., the
word GREEN in green font) and one time in one of the two incon-
gruent colors (e.g., the word GREEN in blue font). The choice for
which incongruent color was randomized for the first 12 trials in
each block of 24 and the alternate color was chosen for the second
12 trials in that block. Within every subblock of 12 trials, stimuli
were presented randomly and shown in the center of the screen in
18-point Courier New font for 3,000 ms or until a response. Partic-
ipants were instructed prior to the practice trials to name the color
of the written word while ignoring the word itself.
Instructions described the two different goal statements and

emphasized both accuracy and speed when responding to Stroop
stimuli. Participants responded to the goal and nongoal prompts
and Stroop stimuli by speaking into a microphone. Following each
color naming response, the experimenter, seated next to the partic-
ipant, then coded the participant’s response on an attached key-
board in which the keys were labeled with colored stickers.
Microphone errors were coded as scratch trials and not analyzed.
Following the coding response, a 1,000 ms blank intertrial interval
preceded the next stimulus.

Procedure

This study received permission from the Institutional Review
Board at Montana State University. Upon receiving informed con-
sent, participants completed the AOSPAN followed by the Stroop
task. At the beginning of the Stroop task, all participants were
given instructions stating that “the goal of this task is to name the
color (not the word itself)” and to “please respond both quickly
and accurately.” During the Stroop task, participants stopped every
24 trials to vocalize a rehearsed statement. The rehearsed state-
ments appeared on the computer screen and the participants were
instructed to read them aloud. For example, in goal reminder trials,
participants saw the phrase “the goal is to name the—, not the—”

and had to vocally respond by saying “the goal is to name the
color, not the word.” On nongoal statement trials, participants saw

the phrase “this is part of my—to—class” and had to respond by
saying “this is part of my intro to psychology class.” No partici-
pants failed to accurately verbalize the goal or nongoal statements.
Overall, the task contained a total of 384 trials and was preceded
with 12 practice trials with the same stimuli and proportion
congruency.

Results

Stroop Errors

We conducted linear mixed model analyses on the preaggre-
gated data using the lme4 package (Bates et al., 2015) in R (Ver-
sion 4.2.1; R Core Team, 2021). These data, R code, and output
are available at https://osf.io/3ej8b. Stroop effects for Trials 1–6
(top left), 7–12 (top right), 13–18 (bottom left) and 19–24 (bottom
right) following a reminder are shown in Figure 2 as a function of
reminder condition and WMC. In each analysis, congruency
(incongruent vs. congruent), trial (1–24 following goal/nongoal
statements), and reminder condition are within-subject variables
and WMC (AOSPAN) is a between-subjects variable. Trial num-
ber and WMC (AOSPAN) were allowed to remain continuous.
We also included subject intercepts, but did not include subject
slopes because this is the variance we were trying to predict with
WMC. Finally, we used the parameters package in R to refit the
model by first standardizing all measures. Therefore, all our
reported beta weights are standardized.

There was a significant main effect of Congruency (b = .22, SE =
.007, t = 31.43, p , .001) and WMC (b = .04, SE = .01, t = 3.24,
p = .001), demonstrating more errors for incongruent trials than
congruent trials (i.e., a Stroop effect) and more errors among those
lower in WMC. There was also a WMC 3 Congruency interaction
(b = .06, SE = .007, t = 8.23, p , .001), indicating increasing
Stroop effects among those with lower WMC. In addition, there
was a WMC3 Congruency3 Trial interaction (b = .02, SE = .007,
t = 2.45, p = .014). Follow up analyses examining each set of six tri-
als separately revealed that the relation between WMC and Stroop
effects, although significant in all cases, was greater within Trials
1–6 (b = .08, SE = .01, t = 5.51, p, .001) and Trials 7–12 (b = .07,
SE = .01, t = 5.00, p , .001) following a goal/nongoal statement
than within Trials 13–18 (b = .04, SE = .01, t = 3.00, p = .003) and
Trials 19–24 (b = .04, SE = .01, t = 3.14, p = .002) following a
goal/nongoal statement. Finally, the predicted three-way Reminder
Condition 3 WMC 3 Congruency interaction obtained by Hood
and Hutchison (2021) did not reach significance (b = .02, SE = .01,
t = 1.85, p = .064). To determine the strength of evidence for this
null effect, a Bayes Factor was computed comparing the linear
mixed effects model with the Reminder Condition 3 WMC 3
Congruency three-way interaction to a model with no three-way
interaction using the BayesFactor package (Morey et al., 2015) in
R. The resulting Bayes Factor (BF10) shows the ratio of how much
improvement the model with the component predicts the data over
the null model missing that component. According to the classifica-
tion scheme from Lee and Wagenmakers (2013; adjusted from
Jeffreys, 1961), a BF10 of 1 = no evidence, 1–3 = anecdotal (weak),
3–10 = moderate, 10–30 = strong, 30–100 = very strong, and
.100 = extreme evidence. [Note that values, 1 equal evidence for
the null, such that .33, .10, and .033 equal moderate, strong, and
very strong evidence for the null hypothesis, respectively.] Our
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BF10 = .157, indicating moderate evidence for the null hypothesis.
No other effects were significant.
Although our power analysis was based on the ability to detect

a Pearson r correlation of .30, our critical prediction was that the
typical WMC 3 Congruency correlation of around .30 would be
greatly reduced or eliminated following the goal reminders only,
producing a three-way WMC 3 Reminder Condition 3 Congru-
ency interaction. Because of this, we next ran a sensitivity analysis
to determine the actual size of the difference of correlation that we
were able to detect. Our sensitivity analysis compared two depend-
ent Pearson rs with a common index for the correlation of Stroop
interference for both the goal and the nongoal condition (r = .648,
p , .001). At 80% power, we were able to detect a difference in
correlations of at least .23 (e.g., hypothetical r = �30 for nongoal
and r = �.07 for goal condition). At 90% power, we were able to
detect a difference in correlation of at least .26 and at 95% power
we were able to detect a difference of .29. Thus, we had over 95%
power to detect the predicted pattern of approximately r = �.30
following nongoal statements and r = .00 following goal
reminders. However, rather than this predicted effect, we obtained
statistically equal correlations following nongoal statements (r =
�.42) and goal reminders (r = �.30).2

Finally, because of the possibility of carry-over effects reducing
the effect of reminders, we conducted an exploratory between-
subjects analysis testing the critical three-way Reminder Condition
3 WMC 3 Congruency interaction within the first 24 trials, which

allowed us to include all participants and treat reminder condition
as a between-subjects variable. In this analysis, although in the right
direction, with numerically larger correlation between WMC and
Stroop effects among those in the nongoal statement (r = �.354,
p = .010) than the goal statement (r = .313, p = .024), the critical
three-way interaction still did not reach significance (b = .06, SE =
.04, t = 1.65, p = .098).

Reaction Times (RTs)

We used SPSS for initial data processing prior to reading this
data into R. The reaction time (RT) analysis was conducted on
only responses greater than 50 ms, which removed .9% of RTs.
We then selected only accurate responses, which removed another
2.4% of the trials. Next, we used Van Selst and Jolicoeur’s (1994)
nonrecursive method to remove outliers, which resulted in the re-
moval of an additional 2.3% of RTs. To fit the assumptions of
LME, we log-transformed all RTs prior to running the analyses.3

The Stroop effects based on trimmed arithmetic RTs for Trials
1–6 (top left), 7–12 (top right), 13–18 (bottom left) and 19–24
(bottom right) following a reminder are shown in Figure 3 as a
function of reminder condition and WMC.

Figure 2
Stroop Errors for Trials 1–6 (Top Left), Trials 7–12 (Top Right), Trials 13–18 (Bottom Left) and Trials 19–24 (Bottom Right)
Following a Goal Reminder (Solid Line, Filled Circle) or Nongoal Statement (Dotted Line, Open Circle) as a Function of WMC in
Experiment 1

2We thank Dr. Michael Kane for suggesting this sensitivity analysis.
3 In addition to the LME analysis, we also conducted GLMM models

(Lo & Andrews, 2015) on the untransformed data. However, several of
these models failed to converge.
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There was a significant main effect of congruency (b = .42,
SE = .005, t = 76.78, p , .001) and reminder condition (b = .02,
SE = .008, t = 2.10, p = .036), demonstrating longer RTs for incon-
gruent trials than congruent trials (i.e., a Stroop effect) and longer
RTs following nongoal statements. There was also a WMC 3
Congruency interaction (b = .05, SE = .006, t = 8.64, p , .001),
with increased Stroop effects among those lower in WMC. The
critical three-way Reminder Condition 3 WMC 3 Congruency
interaction was not significant (b = .01, SE = .008, t = 1.40, p =
.161), with strong evidence for the null hypothesis (BF10 = .036).
This demonstrates no difference in the correlations between WMC
and Stroop effects among those in the nongoal statement (r =
�.24) and goal reminder (r = �.30) conditions. No other effects
were significant.
A posthoc sensitivity analysis for Stroop interference in reaction

times, in which the goal and nongoal conditions were highly corre-
lated (r = .871, p, .001), indicated that our study could detect rel-
atively small differences in the size of WMC and Stroop effect
correlations across conditions. Specifically, we had 80, 90, and
95% power to detect difference in the size of the correlations
across nongoal statement and reminder conditions of at least .14,
.16, and .18, respectively.

Discussion

In Experiment 1, we tested the effect of providing periodic goal
reminders during a mostly congruent Stroop task using a within-

subjects design, as this should provide increased power to detect
differences between goal conditions. The expected results based on
Hood and Hutchison (2021) were that WMC differences in Stroop
performance should disappear in the goal condition but remain in
the nongoal condition. However, although marginal and in the pre-
dicted direction, the three-way WMC 3 Congruency 3 Reminder
Condition did not reach significance. When attempting to artificially
create a between-subjects design by examining only the first 24 tri-
als, again, the WMC 3 Reminder interaction did not reach
significance.

Given this failure to replicate Hood and Hutchison (2021), we
believe this pattern suggests that either (a) there is in fact no differ-
ence between goal reminder and nongoal statement conditions, or
(b) there is a carry-over effect of reminder conditions. In terms of
the first possibility, we replicated the null difference between goal
and nongoal conditions found in Hood and Hutchison. However,
the pattern is different. In that study, neither condition showed a
significant correlation between WMC and Stroop effects (r = .066,
p = .59 and r = �.170, p = .166 for the goal and nongoal condi-
tions, respectively), whereas in the current study this correlation
was robust for both conditions (r = �.303, p = .002 and r = �.416,
p , .001, respectively). This suggests Hood and Hutchison’s lack
of correlation between WMC and Stroop effects in the previous
goal and nongoal conditions may have been due simply to giving
participants breaks every 12 trials, rather than every 24 trials in the
current study. Alternatively, the current failure to find a significant
effect of reminder condition in the current study could be due to a

Figure 3
Stroop Reaction Time Effects for Trials 1–6 (Top Left), Trials 7–12 (Top Right), Trials 13–18 (Bottom Left) and Trials 19–24 (Bottom
Right) Following a Goal Reminder (Solid Line, Filled Circle) or Nongoal Statement (Dotted Line, Open Circle) as a Function of WMC
in Experiment 1
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carry-over effect. However, such a carry-over effect would have to
be asymmetric, with nongoal statements eliminating the effective-
ness of goal reminders, rather than goal reminders carrying over to
prevent mind wandering even following nongoal statements.
Given this, it’s possible that intermixing goal reminders and non-
goal statements caused participants to disregard both preventing
the task goal from ever becoming established. The current null
effect of reminder conditions in Experiment 1 data are consistent
with either of these explanations.

Experiment 2

The goal of Experiment 2 was to determine whether carry-over
effects may be diminishing the effects of the goal reminder condi-
tion or if instead the effect of goal reminders eliminating the rela-
tion between WMC and Stroop effects obtained by Hood and
Hutchison (2021) was spurious. To test this, Experiment 2 modified
Experiment 1 to be between-subjects, rather than within-subjects,
by having participants state either the goal reminder or nongoal
statement prior to each block of 24 trials.

Method

Participants and Design

As per Experiment 1, we wanted at least 93 participants in each
goal condition to achieve 85% power to detect a correlation of .30;
therefore, we estimated that we would need at least 186 partici-
pants for Experiment 2. A total of 203 undergraduates from Mon-
tana State University participated for partial course credit. Data
from three participants were not included in the analysis due to ei-
ther missing Stroop data (two participants), missing AOSPAN
data (one participant), or for the participant not following instruc-
tions and instead naming the word on every trial (one participant).
This left 100 and 99 participants in the nongoal and goal condi-
tions, respectively, final N = 199, Mage = 19.62, SDage = 2.91, 73
males, 125 females, 1 other).

Measures, Apparatus, and Procedure

This study was approved by the Montana State University Insti-
tutional Review Board. The same measures, apparatus, stimuli,
and procedures were used for Experiment 2 as in Experiment 1,
except that the participants were randomly assigned to vocalize ei-
ther the goal reminder or nongoal statements during the Stroop
task. Participants first completed the ASOPAN followed by the
Stroop task based on condition. No participants failed to accu-
rately verbalize the goal/nongoal statements. As with Experiment
1, the task contained 12 practice trials and 384 experimental trials.

Results

WMC

To ensure that there were no preexisting differences in WMC
between our two randomly assigned reminder conditions, we con-
ducted an independent-groups t test. The effect of reminder was
nonsignificant [t(1), 197) = .882, p = .379], indicating no signifi-
cant difference in WMC between the goal (M = 39.54, SE = 1.62)
and the nongoal conditions (M = 41.52, SE = 1.56).

Stroop Errors

Stroop effects for Trials 1–6 (top left), 7–12 (top right), 13–18
(bottom left), and 19–24 (bottom right) following a reminder are
shown in Figure 4 as a function of reminder condition and WMC.
As with Experiment 1, we conducted linear mixed model analyses
using the lme4 package (Bates et al., 2015) in R (Version 4.5; R
Core Team, 2021). These data, R scripts, and output are available
at https://osf.io/3ej8b. In each analysis, congruency (incongruent
vs. congruent) and trial (1–24 following goal/nongoal statement)
are within-subject conditions, reminder condition is a between-
subjects condition, and WMC (AOSPAN) is a continuous
between-subjects variable. All reported beta weights are again
standardized. As in Experiment 1, we included subject intercepts,
but not subject slopes, because this is the variance that we are try-
ing to predict with WMC.

There were significant main effects of congruency (b = .17,
SE = .01, t = 33.82, p , .001), reminder condition (b = .04, SE =
.02, t = 2.46, p = .014), and trial (b = .01, SE = .00, t = 2.57, p =
.010), demonstrating more errors for incongruent trials, more errors
for participants receiving the nongoal statement, and more errors on
later trials, respectively. A two-way Reminder Condition 3 Con-
gruency interaction was qualified by the predicted three-way Re-
minder Condition 3 WMC 3 Congruency (b = .07, SE = .01, t =
10.39, p , .001). Our Bayesian analysis revealed extreme evidence
for this critical three-way interaction (BF10 = 2.48 3 1021). As
shown in Figure 4, the benefit of goal reminders in reducing Stroop
errors was more pronounced as WMC decreased. In addition, three
other significant interactions (Trial 3 Congruency, Reminder Con-
dition 3 WMC, and Reminder Condition 3 WMC 3 Trial) were
qualified by a four-way Reminder Condition 3 WMC 3 Congru-
ency3 Trial interaction (b = .01, SE = .0012; t = 2.13, p = .033). In
order to decompose this four-way interaction, we analyzed the
three-way Reminder Condition 3 WMC 3 Congruency interac-
tions separately for each set of six trials following a reminder.
Although the three-way Reminder Condition 3 WMC 3 Congru-
ency was significant within each set of six trials following a re-
minder, it was smaller during the initial six trials (b = .04, SE = .01,
t = 3.11, p = .002) than during Trials 7–12 (b = .07, SE = .01, t =
4.98, p , .001), Trials 13–18 (b = .10, SE = .01, t = 7.25, p ,
.001), and Trials 19–24 (b = .07, SE = .01, t = 5.08, p , .001). This
demonstrates that the effect of goal reminders is long-lasting. Spe-
cifically, as can be seen in Figure 4, Stroop errors among those
lower in WMC increased across trials, but only among those receiv-
ing the nongoal statements. In contrast, among those receiving the
goal reminders, there was no relation of WMC to Stroop errors
across all 24 trials. This observation that lower WMC individuals’
Stroop errors increased across trials only among those in the non-
goal condition is confirmed by a significant WMC 3 Trial 3 Con-
gruency interaction among those receiving the nongoal statements
(b = .01, SE = .00, t = 2.55, p = .011), but not among those receiv-
ing the goal reminders (b = .00, SE = .01, t = .33, p = .744).

The four-way interaction above demonstrates that the difference
in WMC 3 Stroop Effect interactions between the goal reminder
and nongoal statement conditions is larger during later trials than
during the first six trials. Rather than quickly dissipating, the effect
of goal reminders (vs. nongoal statements) grew over time, as
lower WMC individuals receiving goal reminders remained
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vigilant in naming the color whereas lower WMC receiving non-
goal statements began to neglect the goal over time.4

Our sensitivity analysis showed that at we had an ability to detect
a difference between independent Pearson r correlations of .40 with
80% power, .47 with 90% power, and .52 with 95% power when
conducting a two-tailed test. If instead we used a one-tailed test
consistent with our directional hypothesis, we had the sensitivity to
detect a difference in correlations of .36 at 80% power, .42 at 90%
power, and .47 at 95% power. Our actual difference in correlation
between the goal (r = �.045, p = .665) and the nongoal (r = �.401,
p , .001) was .36, indicating that we had 70% power for a two-
tailed test and 80% power for a one-tailed test.

Time Course of Reminder3WMC Interaction Across
the Experiment

Given the significant three-way Reminder Condition 3
WMC 3 Congruency interaction, we examined the time course
of this effect across the duration of the experiment. Because
reminders were given every 24 trials, we tested the critical
three-way interaction separately after each cumulative reminder
(i.e., after 24 total trials, 48 total trials, 72 total trials, etc.).
When examining just the first 24 trials only, this interaction
was not significant (b = .03, SE = .03, t = 1.22, p = .233). How-
ever, the interaction was significant [b = .07, SE = .02, t = 3.46,
p , .001] after just the second reminder (48 trials) and

remained significant throughout the rest of the experiment [all
subsequent p-values , .001]. The fact that the interaction was
not significant until after the second reminder and then
remained significant throughout suggests that multiple initial
goal reminders are needed for those lower in WMC to establish
and maintain the task goal.

For illustrative purposes only, Figure 5 shows performance on
incongruent and congruent trials separately for those in the upper
tertile (black lines) and lower tertile (gray lines) of WMC and by
reminder condition (solid lines = goal, dashed lines = nongoal).
There are three important patterns to notice in Figure 5. First,
note that reminder condition affected errors solely on incongru-
ent trials, as there were virtually no errors on congruent trials.
Second, consistent with the cumulative analyses above, the pat-
tern starts to emerge after the second reminder and stabilized
around the third–fourth reminder, with greater effects of re-
minder condition among lower WMC individuals. Third, the pat-
tern shows constant, and large WMC differences throughout the
experiment in the nongoal condition whereas, in the goal condi-
tion, lower WMC individuals initially made more errors, but
their performance then improved near the level of high WMC
individuals after the fourth goal reminder.

Figure 4
Stroop Errors for Trials 1–6 (Top Left), Trials 7–12 (Top Right), Trials 13–18 (Bottom Left) and Trials 19–24 (Bottom Right)
Following a Goal Reminder (Solid Line, Filled Circle) or Nongoal Statement (Dotted Line, Open Circle) as a Function of WMC in
Experiment 2

4 This four-way interaction remains significant (b = .02, SE = .01, t =
2.31, p = .021) if half is included as a dichotomous variable (first 12 vs.
second 12) rather than using the continuous variable of trial (1–24).
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Reaction Times

The RT analysis was conducted on only accurate responses and
RTs of 50 ms or more (which removed .02% of RTs). Van Selst
and Jolicoeur’s (1994) nonrecursive method was then used, which
resulted in an additional .02% of RTs. As was done for Experi-
ment 1, we then log-transformed all remaining RTs for the analy-
ses. Stroop effects in the trimmed RTs for Trials 1–6 (top left),
7–12 (top right), 13–18 (bottom left) and 19–24 (bottom right) fol-
lowing a reminder are shown in Figure 6 as a function of reminder
condition and WMC.
There was a significant main effect of congruency (b = .42,

SE = .004, t = 108.78, p , .001), demonstrating longer standar-
dized RTs for incongruent trials There were also significant inter-
actions between reminder condition and congruency (b = .03, SE =
.001, t = 4.90, p , .001) and between WMC and Congruency (b =
.01, SE = .004, t = 3.99, p , .001), with reduced Stroop effects for
those receiving the goal reminder and among those higher in
WMC. As was the case for errors, the predicted three-way Re-
minder Condition 3 WMC 3 Congruency interaction was signifi-
cant (b = .02, SE = .005, t = 2.77, p = .006). However, despite
being significant and in the predicted direction, our Bayesian

analysis revealed strong evidence for the null hypothesis (BF10 =
.09). Therefore, we will treat this interaction as nonsignificant.
Finally, there was a significant three-way interaction of Reminder
Condition 3 Trial 3 Congruency (b = .000, SE = .000, t = 2.098,
p = .036). To decompose this three-way interaction, we analyzed
Reminder Condition 3 Congruency interactions separately for
each set of six trials following a reminder. This three-way interac-
tion was caused by the fact that the two-way Reminder Condition
3 Congruency interaction was significant within Trials 1–6 (b =
.05, SE = .01, t = 4.28, p , .001) and Trials 13–18 (b = .03, SE =
.01, t = 3.01, p = .003) following a reminder, with larger Stroop
effects in the nongoal statement condition, but was not significant
within Trials 7–12 (b = .01, SE = .01, t = .93, p = .355) or trials
19–24 (b = .01, SE = .01, t = 1.23, p = .218). No other effects were
significant.

As with our sensitivity analysis above, we were able to detect a
correlation difference of .40, .47, and .53 with 80%, 90%, and
95% power, respectively, when conducting a two-tailed test and a
difference of .36, .42, and .47 at 80, 90, and 95% power, respec-
tively, when conducting a one-tailed test. Our actual difference in
correlation between the goal reminder (r = �.162, p = .109) and
the nongoal statement (r = �.234, p = .019) was only .072.

Discussion

The purpose of Experiment 2 was to test whether the significant
WMC 3 Stroop interaction in Hood and Hutchison (2021) was
spurious or whether instead the null WMC 3 Stroop interaction in
Experiment 1 was due to carry-over effects. Results demonstrated
that goal reminders indeed eliminated the relationship between
WMC and Stroop errors. This not only replicates Hood and Hutch-
ison’s main finding of goal reminders eliminating WMC effects on
Stroop, but the cleaner manipulation of PC within each 12 trials,
the addition of more trials per reminder, and longer study duration
adds even stronger evidence for the goal maintenance explanation
for WMC-related differences in MC Stroop lists. Specifically, we
now found a significant elimination of WMC differences in Stroop
errors only in the goal reminder condition (r = �.045, p = .655),
whereas those receiving the nongoal statements continued to show
the typical WMC 3 Stroop interaction (r = �.401, p , .001). We
also found that goal reminders reduced Stroop RT effects as well.
However, although the three-way interaction with WMC was also
significant, the Bayesian analysis gave strong evidence for the
null. This suggests the reminder was not selectively more helpful
to those lower in WMC in reducing Stroop RTs like it was for
reducing Stroop errors. This is likely because errors in MC lists
are a more sensitive measure of goal neglect than RT effects
(Hood & Hutchison, 2021; Kane & Engle, 2003).

We were also interested in examining whether any potential
effect of goal reminders is short-lived and whether the effective-
ness of reminders accumulates across the duration of the experi-
ment. First, the effect of the goal reminders was actually stronger,
relative to the nongoal statements, in Trials 13–24 following a re-
minder than it was in Trials 1–12, demonstrating that the effect of
goal reminders is long-lasting. This is because lower WMC indi-
viduals in the nongoal statement condition increased errors in later
trials, whereas errors remained flat across all 24 trials for individu-
als receiving goal reminders. Second, although lower WMC indi-
viduals began the experiment making more errors than higher

Figure 5
Stroop Errors for Low WMC (Gray Lines) and High WMC
(Black Lines) Tertiles in the Goal Reminder (Solid Lines, Filled
Marker) and Nongoal Statement (Dashed Lines, Transparent
Marker) Conditions on Incongruent (Top) and Congruent
(Bottom) Trials in Experiment 2

Note. Errors bars reflect standard error of the mean.
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WMC individuals, those in the goal reminder condition improved
to the level of higher WMC individuals after the fourth goal re-
minder. This demonstrates that the benefits of goal reminders
accumulate across the duration of the experiment. Such accumula-
tion supports the asymmetric carry-over effect explanation for the
null effect of reminders in Experiment 1, such that intermixing
nongoal statements disrupts the establishment and subsequent ben-
efit of goal reminders, perhaps by causing participants to ignore
both statements.
Regarding reaction times, Stroop effects were reduced for par-

ticipants receiving goal reminders. Further, as was found for
errors, the typical WMC 3 Congruency interaction was nonsigni-
ficant in the goal reminder group but remained robust for the non-
goal group. However, evidence for the three-way interaction
favored the null hypothesis. Thus, although goal reminders reduce
Stroop effects relative to the nongoal condition, there is no evi-
dence within the RT data that they do so more strongly for those
lower in WMC. Lastly, goal reminders were more strongly effec-
tive for Trials 1–6 and Trials 13–18 following reminders, again
demonstrating that effects of goal reminders are long-lasting.

General Discussion

There are individual differences in the ability to regulate behav-
ior in a goal-directed manner to overcome automatic, habitual
responses. Goal reminders are one effective way to increase

performance for those who struggle with maintaining such
explicit, proactive control. Evidence for these benefits stems from
work with children (e.g., Gonthier et al., 2021) as well as recent
work from our lab with young adults (Hood & Hutchison, 2021).
Given the effectiveness of goal reminders on task performance,
the purpose of the current two experiments was to provide a more
powerful experimental design compared to the Hood and Hutchi-
son study. Specifically, the current experiments provided a cleaner
test of the benefits of goal reminders by including more trials
within blocks, including more blocks of trials, and holding congru-
ency at 75% within each set of 12 trials. Further, these experi-
ments allowed for an examination of whether goal reminders are
short-lived and whether their benefits accumulate over the course
of the experiment.

Following Hood and Hutchison (2021), we predicted that the
relationship between WMC and Stroop errors would be greatly
reduced or eliminated in trials containing goal reminders, as the
explicit reminder of the task goal should provide external support
for those who cannot maintain such preparatory control across the
course of an experiment. In Experiment 1, the goal-reminder and
nongoal statements were manipulated within subjects. Although
the results showed the typical WMC 3 Stroop interaction such
that those lower in WMC produced more Stroop errors, the critical
three-way interaction between reminder condition, WMC, and
Stroop effects did not reach significance and a Bayesian analysis
suggested moderate-to-strong evidence for the null hypothesis.

Figure 6
Stroop Reaction Time Effects for Trials 1–6 (Top Left), Trials 7–12 (Top Right), Trials 13–18 (Bottom Left) and Trials 19–24 (Bottom
Right) Following a Goal Reminder (Solid Line, Filled Circle) or Nongoal Statement (Dotted Line, Open Circle) as a Function of WMC
in Experiment 2
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To further investigate this null interaction, we examined the first
24 trials only, as this allowed us to create a between-subjects vari-
able. Once again, the relationship between WMC and Stroop
errors was not statistically different among participants who
received a goal reminder and participants who instead received a
nongoal statement.
Given the null effect of goal reminders in eliminating the WMC3

Stroop interaction in Experiment 1, we deemed a replication of Hood
and Hutchison (2021) was needed to determine if their findings were
spurious or if the results from Experiment 1 were instead due to
carry-over effects in which intermixing nongoal statements reduces
the effectiveness of goal reminders. Therefore, in Experiment 2, we
used a between-subjects design. Importantly, the Experiment 2
results showed that goal reminders indeed eliminated the relationship
between WMC and Stroop effects, whereas nongoal statements did
not. Examining Figures 2 and 4, the slope of WMC on errors in the
nongoal condition was remarkably similar across Experiments 1 and
2, whereas the slope in the goal reminder condition fattened across
the two experiments. This pattern demonstrates that the within-
subject mix of both goal-reminders and nongoal statements in
Experiment 1 diminished the effectiveness of the goal-reminder cues.
These results not only provide stronger evidence for the effectiveness
of goal reminders than what was found in Hood and Hutchison but
provide important insights into the implications of using goal
reminders as a manipulation. Specifically, if goal reminders are to be
used as an intervention to help improve task performance, they
should be used in isolation, as simultaneously including nongoal
statements appears to dilute their effectiveness.

Goal Reminders Are Long-Lasting and Accumulate
in Strength

In Hood and Hutchison (2021), the main effect of WMC on
Stroop effects was significant in the second six trials, but not the
first six trials following the reminder, whereas the WMC 3 Re-
minder Condition interaction on Stroop effects (the current three-
way Reminder Condition 3 WMC 3 Congruency interaction)
was significant in the first six, but not the second six. This sug-
gested that, although goal reminders may allow lower WMC indi-
viduals to initially overcome goal neglect, they may not have a
sustained effect on performance. However, this interpretation
remained speculative, given their null three-way WMC 3 Re-
minder Condition 3 Half interaction. In the current study, the
effect of goal reminders was actually stronger in later trials for the
error analysis and equally strong across trials for the RT analysis.
This demonstrates that goal reminders are long-lasting and have a
sustained effect on preventing the increased goal neglect experi-
enced by lower WMC individuals over time.
Additionally, time course analyses showed that the interaction

between WMC and goal reminders on Stroop effects was not sig-
nificant until after the second reminder (48 trials), but then per-
sisted until the end of the task. This is illustrated in Figure 5 in
that incongruent errors among lower WMC individuals in the
goal-reminder condition continually decrease across each succes-
sive reminder until about trial 144 (5th reminder) and then remain
equally low throughout the rest of the task. Thus, the beneficial
effects of goal reminders for lower WMC individuals accumulate
across the duration of the experiment. Given that mind wandering
tends to increase across the duration of experiments (Cunningham

et al., 2000; Krimsky et al., 2017; McVay & Kane, 2012; Small-
wood et al., 2004; Thomson et al., 2014), this finding is important,
as it demonstrates that goal reminders can help lower WMC indi-
viduals (who are more prone to experiencing mind wandering
during challenging tasks; Kane et al., 2007) remain focused
throughout the course of the experiment. Figure 5 further demon-
strates that presenting goal reminders to lower WMC individuals
equated their performance to that of higher WMC individuals
under normal (nongoal reminder) conditions. Thus, presenting
goal reminders effectively turned lower WMC individuals into
higher WMC individuals by reducing the reliance of task perform-
ance on goal maintenance abilities.

On the other hand, there was no effect of goal reminders in
Experiment 1. In fact, the goal reminder condition in Experiment 1
looked similar to the nongoal statement conditions in both experi-
ments, suggesting that the nongoal statements disrupted goal main-
tenance, potentially causing participants to ignore both goal and
nongoal statements. Thus, although the effectiveness of goals
appears to be long-lasting and cumulative, this can only occur if
the goal is firmly established through multiple goal reminders
without interruption from nongoal statements. It would be interest-
ing for future studies to test if four-to-five consecutive initial goal
reminders could sufficiently establish the goal to withstand future
interruptions from nongoal statements later in the experiment.

Stroop Effects and Examinations of WMC Versus
Cognitive Load on Performance

Recently, it has been argued that attention control, in terms of in-
hibitory processing, might not exist as a psychometric construct, as
it does not correlate with measures of WMC and general fluid intel-
ligence once memory demands are controlled (Karr et al., 2018;
Rey-Mermet et al., 2018, 2019). Our results in the Stroop task are
consistent with arguments against “inhibition” as an important indi-
vidual difference. Indeed, once the demand of keeping the task goal
in mind is externally provided with reminders, Stroop performance
in our studies no longer correlates with WMC.

However, contrary to the strong claims above, we do not sug-
gest that this indicates the absence of executive or attention con-
trol as a reliable individual differences construct. Instead, we
agree with past descriptions of attentional control as the coordi-
nation of attention and memory processes in service of a goal
(Balota & Faust, 2001; Hutchison et al., 2010; Miller & Cohen,
2001). Both attention and memory processes are critical for
implementing selective and sustained attention over time to
enhance task-relevant stimuli and suppress task-irrelevant stim-
uli. It is therefore no more surprising that memory plays an im-
portant role in selective attention tasks than it is for attention to
play an important role in memory tasks. In more recent models,
Engle and colleagues (Draheim et al., 2021; Shipstead et al.,
2016; Tsukahara et al., 2020) have demonstrated that the ability
to focus attention, as measured through attention control tasks, is
critical for both maintaining information in memory (as captured
in WMC tasks) and disengaging from no-long-useful information
(as captured in fluid intelligence tasks).

A second issue concerns recent mixed results on the impact of
imposed cognitive loads on Stroop performance. Specifically, if
Stroop performance indeed requires working memory, then not
only should Stroop effects be increased for those low in trait-level
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WMC, but they should also be increased for participants placed
under a cognitive load. However, results from these studies are
mixed. In terms of positive evidence, Kalanthroff et al. (2015) had
participants perform the Stroop task while also performing an n-
back task. They manipulated the number of letters back partici-
pants needed to recall during the n-back portion of the experiment,
creating high and low working memory load conditions. Results
revealed increased Stroop interference with high working memory
load. In addition, Entel and Tzelgov (2020) demonstrated that
including incongruent trials during practice can reduce later Stroop
effects in a MC Stroop list, consistent with incongruent trials serv-
ing as goal reminders. However, this benefit was eliminated when
participants were put under a high working memory load.
In contrast to such positive evidence that imposing loads can

reduce Stroop performance and/or benefits of goal reminders,
Moss et al. (2020) found little-to-no impact of cognitive load on
Stroop performance. In their experiments, they included Stroop
trials within a change detection task involving a low (1–2 items)
or high (5 items) cognitive load. Specifically, on each trial, par-
ticipants received a low or high WM load for the change detec-
tion task and were also presented with a Stroop stimulus during
the maintenance period of the change detection task. Across all
four of their experiments, they found limited evidence that the
size of the WM load influenced performance, providing evidence
against a need to maintain goals in WM during the Stroop task,
as such goal maintenance should have been impaired in the high
set size. However, results from the current study indicate that
individual differences in goal maintenance abilities are not based
on a single trial, but on what happens when there are multiple
congruent trials in a row. Because Moss et al.’s design did not
include multiple congruent trials in a row (and was broken up by
a change detection response, followed by a new trial) it did not
provide people with an opportunity for goal neglect across trials
(e.g., Meier & Kane, 2013).5

Potential Limitations, Implications, and
Future Directions

Although the current two experiments provide additional evi-
dence for the goal maintenance explanation of WMC-related dif-
ferences in MC Stroop lists, a potential limitation is that our
experiments did not include a true control condition. Thus, one
might argue that the effects could be due to either goal reminders
improving performance or instead to the nongoal statements
impairing performance. However, there are three reasons that we
do not believe this alternative argument. First, as can be seen in
Figure 5, performance among lower WMC individuals who
receive goal reminders improves across the first five reminders
and then remains low and similar to that of higher WMC individu-
als, demonstrating that the goal reminders did in fact improve per-
formance. Second, the default condition is for WMC to correlate
with Stroop performance in MC lists. Indeed, we have consistently
found this significant negative correlation between WMC and
Stroop effects for MC lists across numerous studies in which goals
are not used (Hood & Hutchison, 2021; Hutchison, 2011; Hutchi-
son et al., 2013). Thus, the unusual pattern is not the negative cor-
relation between WMC and Stroop effects seen in the nongoal
statement condition in Experiment 2 and in both groups for
Experiment 1, but the elimination of this correlation in the goal

reminder condition in Experiment 2. Third, in Hood and Hutchison
we did include both a true control and a nongoal statement condi-
tion and found that the nongoal condition did not impair perform-
ance relative to the true control. For these reasons, we are
confident that the difference is due to improved performance fol-
lowing goal reminders, rather than due to nongoal statements
impairing performance.

We hope the current study will foster extensions of this goal re-
minder intervention in future studies. First, given the accumulated
benefit of reminders over time in the current study, we recommend
future studies examine the effectiveness of such goal reminders in
helping individuals who struggle with mind wandering during sus-
tained attention tasks such as the Sustained Attention to Response
Task and Psychomotor Vigilance Task. In addition, we plan to
implement goal reminders within other populations that have diffi-
culties controlling attention (e.g., older adults, children, and
ADHD individuals) and investigating differences in brain activity
following goal reminder versus nongoal statement conditions.
Finally, future research can determine how goal reminders affect
the interactions found between multiple forms of top-down control
and in interactions between top-down and bottom-up forms of con-
trol (Hutchison, 2011; Hutchison et al., 2016).

Conclusion

There are individual differences in the ability to regulate behav-
ior in a goal-directed manner to overcome automatic, habitual
responses. Goal reminders are one effective way to increase per-
formance for those who struggle with maintaining such attention
control. The current results demonstrate that, when explicit control
is cued in the form of goal reminders, lower WMC individuals can
perform just as well as higher WMC individuals. Thus, lower
WMC individuals can maintain task goals, they just do not sponta-
neously do so. Additionally, as long as the effect of reminders are
not dampened by interference from nongoal statements, the benefi-
cial effects of goal reminders are long-lived and accumulate across
the course of the experiment. These results build on recent work
by providing stronger evidence that goal reminders eliminate the
relationship between WMC and Stroop effects, providing addi-
tional evidence of the goal-maintenance explanation for WMC-
related differences in MC Stroop lists. Further, and more broadly,
these results add to newer conceptualizations of individual differ-
ences in WMC by providing evidence that WMC is not so much
about capacity per se, but instead about the ability to control atten-
tion and avoid attentional lapses.

5 Another alternative argument to the goal-maintenance explanation for
listwide PC effects not discussed in the introduction is short-lived conflict
adaptation, in which Stroop effects diminish following previous
incongruent trials (e.g., Botvinick et al., 2001; Gratton et al., 1992).
However, because the lists in the current study were equivalent across
reminder conditions, the likelihood of any trial following a previous
congruent or incongruent trial is equal. Thus, sequential conflict adaptation
cannot explain the effect of goal reminders. Further, it should be noted that
WMC is frequently unassociated with conflict adaptation effects.
Therefore, these aren’t likely to be a good explanation for WMC
differences in high congruency Stroop contexts (e.g., Keye et al., 2009,
Meier & Kane, 2013, 2015, Unsworth et al., 2012).
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