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Abstract
Mind-wandering has emerged in the past decade as a popular topic in many areas of psychological research. Numerous
studies have demonstrated the potential costs and benefits of mind-wandering in relation to ongoing task performance,
along with more recent work examining the nature of different types of mind-wandering. A common method of
measuring mind-wandering in laboratory research is to embed self-report thought probes at random intervals within
an ongoing task. However, a critical issue to determine is whether or not the presence of the thought probes fundamen-
tally alters how an individual typically performs on the task. In the current study, N = 149 participants completed a
sustained attention to response task (SART) with and without the presence of mind-wandering thought probes. In
addition, participants completed operation and symmetry span measures of working memory capacity, as several studies
have examined the relationship between individual differences in working memory capacity and mind-wandering using
thought probes on the SART. The results indicate that SART performance does not differ whether thought probes are
included or not. Individuals higher in working memory capacity produced better SART performance in the conditions
with and without thought probes. In addition, individuals in working memory capacity were negatively correlated with
mind-wandering frequency. The results indicate that thought probe measurement is a non-reactive method to measure
mind-wandering in attention and inhibition tasks.
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Mind-wandering has emerged in the past decade as a pop-
ular topic in many areas of psychological research.
Numerous studies have demonstrated the potential costs
and benefits of mind-wandering in relation to ongoing
task performance (Smallwood and Schooler, 2015), along
with more recent work examining the nature of different
types of mind-wandering (e.g., Kane et al., 2017).
Additionally, interventions have been developed in an ef-
fort to reduce mind-wandering and improve cognitive and

academic performance (Mrazek, Franklin, Phillips, Baird,
& Schooler, 2013).

A variety of methods have been used to measure mind-
wandering. However, the most widely used method for quan-
tifying mind-wandering behavior is the use of self-report
thought probes embedded within a select proportion of trials
in a cognitive or perceptual task (Weinstein, 2018). For exam-
ple, a paradigm used frequently in the mind-wandering litera-
ture is to intersperse thought probes between certain trials on
the sustained-attention-to-response task (SART). Note that the
SART acronym is consistent with the mind-wandering litera-
ture, but the SART is simply a go/no-go task. The SART
involves items of a certain category (e.g., animals), designated
as frequent go trials, mapped to a single button press, and
items of a different category (e.g., foods), designated as infre-
quent no-go trials requiring no response. Although the format
and response options of the thought probes used in studies
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with the SART vary widely (Weinstein, 2018), the general
pattern of results is that individuals who self-report a higher
frequency of mind-wandering make more errors and exhibit
more variability in response times (RTs) on correct go trials
(McVay & Kane, 2009; Unsworth & McMillan, 2014).

The role of thought-probe frequency
in mind-wandering research

Despite the widespread usage of self-report thought probes
within the SART in mind-wandering research, little work
has systematically focused on methodological choices that
may influence both mind-wandering behavior and SART per-
formance. For example, the frequency with which thought
probes occur within the SART varies across studies, some-
times appearing on as little as 2% (Seli, Risko, & Smilek,
2016) or more frequently at nearly 7% (McVay & Kane,
2009) of all trials. However, a critical issue is to determine
whether the presence of the thought probes fundamentally
alters how an individual typically performs on the task. One
possibility is that a participant made aware of their off-task
thoughts via the presence of thought probes may subsequently
focus more on the task, knowing they will be periodically
asked whether they are on task, producing better overall per-
formance. Alternatively, a participant made aware of their off-
task thoughts may subsequently consider off-task thoughts
more frequently due to their awareness of them, resulting in
poorer performance throughout the task. A third option is that
the inclusion of thought probes throughout the SART has no
effect on performance compared to versions without thought
probes, which is probably the preferred outcome for mind-
wandering researchers using this paradigm. To our knowl-
edge, the current study is the first to explicitly examine wheth-
er inclusion of thought probes affects SART performance. The
research question is relatively simple, but the results have
important implications for the mind-wandering literature more
broadly.

Two studies are particularly relevant to the current work.
First, Seli, Carriere, Levene, and Smilek (2013) explicitly ad-
dressed how frequency of thought probes affected ongoing
task performance, albeit with the metronome response task
as the primary activity instead of the SART. In the metronome
response task, participants pressed a button to keep timewith a
metronome tone that was presented. Across participants as a
between-subjects manipulation, mind-wandering thought
probes were presented after 0.8–4.2% of all trials. Seli et al.
(2013) observed the typical finding for a cognitively-
demanding task, specifically that higher self-reported mind-
wandering was associated with worse task performance (viz.,
more variable RTs). More germane to the current work, en-
dorsement of off-task behavior increased as the frequency of
thought probes decreased; however, the frequency of thought

probes had no relationship with metronome tone task RT var-
iability. As noted by Seli et al., the observation that individuals
subjectively reported mind-wandering more often when
thought probes were less frequent could represent an actual
increase in off-task thoughts, or it might be evidence of a bias
to report increased mind-wandering without an actual increase
in its incidence. Because participants in the various thought-
probe frequency conditions did not vary in their task perfor-
mance, Seli et al. concluded the response-bias interpretation
was more likely.

Another relevant study is Robison, Miller, and Unsworth
(2017), which we were unaware of until after our data collec-
tion was complete. In Experiment 1, Robison et al. manipu-
lated thought probe frequency during the SARTas a between-
subjects variable, with participants receiving thought probes
6.6% or 13.1% of the time. The results indicated that SART
performance did not differ between the two conditions of
thought-probe frequency. In addition, subjective reports of
the proportion of time spent on on-task/off-task behavior did
not vary between the two thought-probe conditions.

Although both studies reported minimal effects of different
amounts of thought probes during an ongoing task, our goal
was to determine if SART performance is similar with and
without thought probes. Because the thought probe specifical-
ly calls the participants’ attention to their own relationship
with the task, the presence of any probes during the task could
have consequences for their performance that manipulating
frequency would not further affect.

Mind-wandering and working memory
capacity

Another consideration for investigating the role of thought
probes on performance is whether or not all individuals are
equally affected by thought probe presence during the task.
Working memory capacity (WMC) is a promising candidate
as an individual-differences variable that has been studied
extensively in the mind-wandering literature. WMC is the
ability to control attention in a goal-directed manner, using
maintenance and retrieval of relevant information to guide
behavior (Engle & Kane, 2004). Speculatively, interruptions
caused by thought probes during demanding cognitive tasks
could be either beneficial (e.g., provide a break) or detrimental
(e.g., require re-engagement with cognitive task), particularly
for low-WMC individuals. Although most research indicates
that individuals lower in WMC are more likely to report off-
task thoughts during ongoing task performance (see below),
some studies have suggested a more nuanced relationship be-
tween WMC and mind-wandering propensity. For example,
high-WMC individuals have reported more mind-wandering,
with no performance decrement, during tasks with low cogni-
tive demand (Levinson, Smallwood, & Davidson, 2012; but
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see Robison & Unsworth, 2017, for conflicting results).
Further, Rummel and Boywitt (2014) posit that cognitive con-
trol allows those with higher WMC to adjust their level of
mind-wandering based on the task demands.

However, studies investigating the relationship between
WMC and mind-wandering using the SART with thought
probes have shown that individuals with higher WMC show
better SART performance (higher d’ and lower RT variability)
and lower rates of self-reported mind-wandering (McVay &
Kane, 2009; Unsworth & McMillan, 2014). Of note, a sepa-
rate large-sample study produced correlations of similar mag-
nitude between four complex span tasks and SART perfor-
mance without the inclusion of thought probes (Redick
et al., 2016). This latter finding hints that the relationship
between WMC and SART performance may be unaffected
by the inclusion of thought probes, although a comparison
of the correlations within the same sample would provide
more direct evidence.

Current research

The current study used a within-subjects manipulation to com-
pare SART performance when thought probes were and were
not administered during the task. In addition, we measured
individual differences in WMC in order to determine whether
the effect of thought-probe presence on SART performance
varies as a function of WMC, as it is specifically the low-
WMC individuals we expect would be affected.

Method

Participants

Students from Purdue University were offered course credit to
participate. In total, 149 students between the ages of 18 and
35 years completed this single-session study, which took
around 45 min to complete. The sample size is just short of
our target of N = 150 because of a computer error, resulting in
an incomplete session for one participant.

The final sample size used in the analyses reported below
was N = 137. Two participants apparently reversed the go/no-
go response mapping, resulting in near 0% performance on
both trial types. An additional seven participants were exclud-
ed based on go accuracy less than 80%, and three more par-
ticipants were excluded based on no-go accuracy less than
11%1. The mean age of the final sample was 19.31 (1.51)
years, and the participants’ self-report responses to a demo-
graphics questionnaire indicated the composition of the sam-
ple was 45% female and 89% native-English speakers.

Tasks

Operation span (Redick et al., 2012; Unsworth, Schrock, Heitz,
& Engle, 2005) In this task, participants alternated viewing a
letter and judging whether a proposed answer to an algebraic
equation is correct. Between three and seven letters with in-
terleaved equations appeared before participants were asked to
serially recall the letters, using the mouse to click on the box
next to the letters presented. There were three trials of each list
length, with 1 point for each letter recalled in the correct order,
resulting in a maximum possible score of 75. Participants were
instructed to maintain an accuracy of at least 85% on the
interrupting equation questions, and this percentage was pro-
vided to them throughout the task to monitor.

Symmetry span (Redick et al., 2012; Unsworth, Redick, Heitz,
Broadway, & Engle, 2009) This complex span task was similar
in structure to operation span. However, participants recalled
locations of a red square presented within a 4 × 4 grid, and
made judgments about whether a black and white figure is
symmetrical. List lengths of square locations ranged from 2
to 5, with three trials of each length for a maximum possible
recall score of 42.

SART. In this task, Arabic numerals between 0 and 9 were
presented centrally on-screen for 300 ms, followed by a 900-
msmask, which together resulted in a 1,200-ms response win-
dow. Participants were asked to press the spacebar as quickly
as they could whenever the number presented was not 3 and to
withhold responding when a 3 appeared. There were ten prac-
tice trials with letters instead of numbers before each of the
two blocks. Then, for each block, 270 real trials were present-
ed, with the first ten always being go trials. Of the 270 trials,
30 were no-go trials. For the block with thought probes, the
participants were warned during the instructions that the ques-
tion BWhat were you thinking about just before this screen
appeared?^ would appear intermittently with four response
options (BBlank,^ BOff task, anything else,^ BOn task, not
the goal,^ BOn task, thinking about the goal^). During a prac-
tice screen, participants were shown an example of a thought
for each possible response and were asked to be as honest as
possible. The four possible response options were presented
either in the order above or reversed to limit the possible bias
of scale direction (Weinstein, 2018). On the thought probe
screen, participants clicked on one of the four options to

1 Of all the main effects and interactions across analyses reported below, only
two differed between the final (N = 137) versus the entire (N = 149) sample.
First, with accuracy as the dependent variable, the WMC by trial type interac-
tionwas not significant when analyzedwith the full sample (p = .401). Second,
with mean RT as the dependent variable, the WMC by probe presence inter-
action was significant when reanalyzed with the full sample (p = .013). The
difference in the results is likely because participants with extremely low
accuracy, contributing relatively few correct RTs in the calculation of their
mean RT, were excluded from the final sample. This includes the two partic-
ipants who reversed the appropriate stimulus-response mapping.
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respond. After the response was selected, the next screen
prompted participants to press the spacebar to continue. This
prompt ensured participants returned their hand to the
spacebar, ready to respond to go trials, and gave warning that
the trials would begin again. Thought probes followed 12
(40%) of the 30 no-go trials. Undetectable to the participants,
the task was programmed in mini-blocks to ensure a distribu-
tion of go and no-go trials and thought probes throughout the
task. The thought probes were selected to appear randomly
with the constraint that they follow two of every five no-go
trials. No-go trials were randomly spaced with the constraint
that there be three within every 26 trials. This constraint en-
sured that no-go trials and thought probes were spaced
throughout the task without following a predictable pattern.

Procedure

After providing consent, participants completed a demograph-
ic questionnaire. Then, all participants completed (in order)
operation span, symmetry span, and the SART. Within the
SART, the order of the no-probe and probe conditions was
counterbalanced across participants.

Analyses

To evaluate the effect of the presence of thought probes and
the relationship to WMC, separate analyses of covariance
(ANCOVAs) were conducted on SART performance evaluat-
ing: (a) accuracy on go and no-go trials, (b) d’, subtracting
commission errors on no-go trials (false alarms) from correct
responses on go trials (hits), (c) mean RT, and (d) ISD RT.
Following the results of Stanislaw and Todorov (1999), we
used the loglinear correction for hit and false alarm rates equal
to 0 or 1, by adding 0.5 to all hit and false alarm totals and
adding 1 to the number of trials. RT analyses were conducted
on correct go trials with a RT > 150 ms.

A WMC composite score, calculated by averaging the z-
scores from eachmemory span task, was the between-subjects
covariate in each ANCOVA. Task order was the between-
subjects factor, and probe presence was the within-subjects
factor in each ANCOVA. Trial type (go vs. no-go) was an
additional within-subjects factor in the accuracy ANCOVA.

Bayesian model comparisons were also computed, specif-
ically comparing a model with probe presence as a factor
against a null model for each outcome variable. These Bayes
factors were computed in CRAN R software using the
BayesFactor package (Morey & Rouder, 2015). This analysis
gives a measure of support for one model over the other, a way
to show amount of support for a null result that traditional
significance testing does not allow. Finally, Hotelling-
Williams tests were used to statistically test whether WMC
correlations with SART performance were different between
the no-probe and probe conditions.

Results

Descriptive statistics for all variables are shown in Table 1.
Inspection of Table 1 shows that SART performance in the
probe and no-probe conditions appears to be nearly identical.
The scores for operation and symmetry span were consistent
with normative data (Redick et al., 2012). In addition, the
correlation between operation and symmetry span was signif-
icant, r(135) = .25, p = .003.

Effect of thought probe presence on SART
performance

Full ANCOVA output results are provided in Table 2. For
accuracy, there was nomain effect of thought-probe condition,
and no significant interactions involving thought-probe con-
dition. There was no significant main effect of, nor any inter-
actions with, the between-subjects factor of task order. There
was a significant main effect of trial type, because go accuracy
was higher than no-go accuracy. There was a significant
WMC main effect and a significant WMC by trial type inter-
action, explored further in the correlational analyses below.
Similarly, for d’ there were no main effects of nor interactions
with thought-probe condition or task order, but a significant
main effect of WMC, indicating better performance for indi-
viduals higher in WMC.For mean RT, there was no main
effect of probe presence, WMC, or task order. There were
no significant interactions involving WMC. There was a sig-
nificant interaction between probe presence and task order.
Decomposing this interaction, we compared probe versus
no-probe conditions when completed as the first block and
as the second block separately. For the first completed task,
those in the probe condition had a mean RT of 395 ms, and
those who did the no-probe condition first had a mean RT of
401 ms, which were not different from each other, t(135) =
0.42, p = .676. For the second completed task, those who did
the probe condition second had a mean RT of 412 ms, and
those who had the no-probe condition second had a mean RT
of 413 ms, which were not different from each other, t(135) =
0.04, p = .972. So, despite the significant probe presence by
task order interaction for mean RT, the follow-up analyses
indicate no difference in performance between the probe and
no-probe conditions.

For ISD RT, there were no main effects of, nor interactions
with, probe presence or task order. There was a significant
main effect of WMC, such that low-WMC individuals’ speed
in responding to go stimuli was more variable across both
probe conditions.

The null ANCOVA results for the probe-presence manipu-
lation were supported by Bayesian analyses, showing evi-
dence against a model with probe presence as a factor. That
is, for all dependent variables, there was Bmoderate^ evidence,
values between 0.14 and 0.22, for the null versus a model with
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probe presence as a factor, using the criteria determined by
Wagenmakers et al. (2018). These Bayes factors are presented
in Table 3.

Individual differences in WMC and SART performance

The relationships between individual differences in WMC
and SART performance in the probe and no-probe condi-
tions were assessed by correlating the z-score WMC com-
posite with the various SART dependent variables (Table 1).
Note that the correlations between go accuracy and WMC
should be interpreted with caution, because the high go ac-
curacy led to skewness and/or kurtosis values classified as
Bextreme^ by Kline (1998; skewness > |3.0| and kurtosis >
|8.0|). Inspection of Table 1 clearly indicates that individuals
with lower WMC were less accurate on no-go trials and
produced more variable correct RTs on go trials, but there
was no relationship betweenWMC andmean RTon go trials
– these results are consistent with previous studies.
Critically, Hotelling-Williams t-tests confirmed that none
of the correlations significantly differed as a function of
the probe versus no-probe conditions (all t’s < 1.68, all p’s
> .096). Thus, the inclusion of the thought probes did not
affect the relationship between individual differences in
WMC and SART performance.

Finally, as an exploratory analysis into the content of the
mind-wandering responses in the thought-probe present con-
dition, the relationship between individual differences in
WMC and mind-wandering was evaluated by correlating the
z-score composite WMC variable with each of the thought
probe response options (Table 1). Overall, WMC was related

inversely to mind-wandering proneness. The BOn task, think-
ing about the goal^ response was positively correlated with
WMC, the intermediate BOn task, not the goal^ response was
not correlated, and both off-task/mind-wandering responses
(BBlank^ and BOff task, anything else^) were negatively cor-
related with WMC.

Discussion

The current project addressed an important question for mind-
wandering researchers, namely whether or not including
thought probes within a cognitive task is a non-reactive meth-
od to quantify mind-wandering phenomenology. Our results
showed no differences in SART performance, or WMC cor-
relations with multiple dependent variables from the SART, as
a function of the presence or absence of thought probes.
Further, we found moderate evidence for the null for all out-
come measures using Bayes factors. This is the first explicit
evidence that inclusion of thought probes does not fundamen-
tally alter the cognitive processes involved in performing the
SART.

Regardless of probe condition, we observed a familiar pat-
tern of WMC and SART relationships – compared to high-
WMC individuals, low-WMC individuals made more errors
and were more variable in their RTs on correct trials, although
they were not slower with regard to mean RT (Redick et al.,
2016; Stawarczyk, Majerus, Catale, & D’Argembeau, 2014;
Unsworth & McMillan, 2014). Individuals lower in WMC
weremore likely to exhibit lapses of attention that characterize
their performance in a variety of situations that have been

Table 1 Descriptive statistics

M SD Skew Kurtosis Correlation with WMC

No probe

Go Accuracy 98.02 3.53 -2.85 8.71 .267*

No-go Accuracy 57.79 22.07 0.05 -0.81 .163+

d' 2.57 1.04 -0.01 -0.32 .300*

Mean RT 406.78 102.31 1.24 1.71 .023

ISD RT 119.35 47.15 0.97 1.07 -.287*

Probe

Go Accuracy 98.39 2.14 -3.25 12.65 .306*

No-go Accuracy 59.93 21.30 0.05 -0.94 .254*

d’ 2.70 1.00 -0.08 -0.57 .348*

Mean RT 403.74 94.26 1.15 1.00 .108

ISD RT 117.56 43.19 1.45 3.19 -.319*

On task/on goal 5.72 3.46 0.29 -1.01 .262*

On task/not goal 3.05 2.22 0.68 0.14 .010

Off task/else 1.82 1.93 0.98 0.20 -.252*

Blank 1.42 2.18 2.29 7.06 -.204*

Note. Go accuracy and no-go accuracy are percent correct; Mean RT and ISD RT are ms; *Indicates p < .05, + indicates p = .056
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demonstrated across decades of research (Christopher &
Redick, 2016).

Interestingly, WMC was significantly related to self-
reported mind-wandering, such that individuals lower in
WMC more often reported mind-wandering and less often
reported on-task/on-goal thoughts. This result echoes previous
WMC-SART findings (McVay & Kane, 2009; Unsworth &
McMillan, 2014), and is also consistent with goal-
maintenance and attention control theories (Engle & Kane,
2004), which posit that individuals higher in WMC are better
able to maintain the goal of a task and control attention
appropriately.

The current results may not be applicable to mind-
wandering in other contexts, such as during reading of text
passages (Feng, D’Mello, & Graesser, 2013). In addition,
Kane et al. (2017) showed a distinction in the relationship
between WMC and mind-wandering measured in the labora-
tory with thought probes versus outside of the lab with event-
samplingmethodology. Kane et al. (2017) reported that WMC
negatively predicted mind-wandering likelihood during per-
formance of tasks in the laboratory, but WMC predicted more
mind-wandering in daily activities outside of the laboratory
when individuals reported less of an effort to concentrate on
the task at hand. Future work studying the role of thought
probes in these additional contexts will likely provide a more
complete story about the reactivity of thought probes, and
whether they affect task performance and relationships with
constructs of interest.

In conclusion, SART performance does not differ based on
the presence or absence of thought probes. Individuals higher
in WMC produced better SART performance with and with-
out thought probes. Finally, individual differences in WMC
were negatively correlated with mind-wandering frequency.
The results indicate that thought probe measurement is a
non-reactive method to evaluate mind-wandering in attention
and inhibition tasks.
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