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Abstract Mind wandering is associated with perceptual
decoupling: the disengagement of attention from perception.
This decoupling is deleterious to performance in many situa-
tions; however, we sought to determine whether it might occur
in the service of performance in certain circumstances. In two
studies, we examined the role of mind wandering in a test of
“semantic satiation,” a phenomenon in which the repeated
presentation of a word reduces semantic priming for a subse-
quently presented semantic associate. We posited that the at-
tentional and perceptual decoupling associated with mind
wandering would reduce the amount of satiation in the seman-
tic representations of repeatedly presented words, thus leading
to a reduced semantic-satiation effect. Our results supported
this hypothesis: Self-reported mind-wandering episodes
(Study 1) and behavioral indices of decoupled attention
(Study 2) were both predictive of maintained semantic prim-
ing in situations predicted to induce semantic satiation.
Additionally, our results suggest that moderate inattention to
repetitive stimuli is not sufficient to enable “dishabituation”:
the refreshment of cognitive performance that results from
diverting attention away from the task at hand. Rather, full
decoupling is necessary to reap the benefits of mind wander-
ing and to minimize mind numbing.
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Introduction

Think of a word, any word; let it be as meaningful to you as
possible. Now mentally repeat that word in your head over
and over again. If you are like most people, you will soon
notice an astonishing phenomenon: The word quickly loses
all meaning. The continuous encountering of a word can pro-
duce a remarkably mind-numbing effect, referred to as
“semantic satiation” (Balota & Black, 1997; Smith & Klein,
1990). Such a dramatic effect of repetition, and mental habit-
uation toward a stimulus, leads to an important question: Have
our brains evolved any processes to counteract the mind
numbing that can accompany repetition? Here we suggest
one such antidote: mind wandering, the decoupling of atten-
tion from external stimuli toward thoughts unrelated to the
current task.

The recent explosion in interest in the phenomenon of mind
wandering has produced a substantial array of findings that
implicate it as a detrimental process. Performance in a host of
domains, including reading comprehension (e.g., Franklin,
Smallwood, & Schooler, 2011), sustained attention (e.g.,
Cheyne, Solman, Carriere, & Smilek, 2009), and working
memory capacity (Mrazek, Smallwood, Franklin, et al.,
2012b), has been examined in relation to mind wandering,
and in each case the impact of mind wandering has been
notably negative. However, mind wandering is such a preva-
lent occurrence in the lives of most individuals that it seems
unlikely that it could be purely maladaptive (Mooneyham &
Schooler, 2013). Although most research on the impact of
mind wandering has been focused on the negative conse-
quences, recent research has begun to implicate its potential
benefits in domains such as planning (Baird, Smallwood, &
Schooler, 2011) and creativity (Baird et al., 2012; Zedelius &
Schooler, 2015). Here we consider another possible benefit:
namely, that mind wandering may provide a brief break that
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attenuates habituation. The dishabituation hypothesis predicts
that the alternation of focus between external stimuli and
mind-wandering content may allow for “refreshed” process-
ing of the external stimuli, thereby minimizing the “mind-
numbing” effects of habituation. In the following two
studies, we investigated this hypothesis by examining
whether mind wandering can minimize semantic satia-
tion, leading to greater semantic-priming effects for repetitive-
ly presented verbal stimuli.

Semantic priming and semantic satiation

Semantic priming is an automatic process in which the per-
ception of a word initiates the activation of a network of se-
mantically related lexical associates (e.g., Balota & Black,
1997). This effect is typically measured through speeded re-
action times (RTs) to words semantically related to a previ-
ously presented target word. Priming is a fickle process, how-
ever, since simply increasing the exposure of the prime can
reduce its priming effectiveness. Such is the case in the phe-
nomenon of “semantic satiation” (Balota & Black, 1997;
Smith & Klein, 1990), which describes the finding that, al-
though a briefly presented word can prime responses to a
subsequently presented related word, presenting the prime
word repeatedly can diminish this priming effect.
Essentially, then, semantic satiation represents an ironic pro-
cess in which the repeated presentation of potentially useful or
relevant information can actually hinder one’s ability to use
that information readily.

Mind wandering and perceptual decoupling

One of the hallmark characteristics of mind wandering is that
it is associated with perceptual decoupling (Schooler et al.,
2011; Smallwood, Beach, Schooler, & Handy, 2008;
Smallwood et al., 2011). Perceptual decoupling describes
the process by which our behaviors and cognitions become
less constrained by the perceptual information surrounding us
while mind wandering. For instance, when mind wandering
while reading, individuals’ eye movements are less sensitive
to the lexical features of the text (such as word length and
frequency; e.g., Reichle, Reineberg, & Schooler, 2010). This
reduced sensitivity to the informational characteristics of the
external environment during mind wandering has further been
shown to be associated with a concomitant reduction in the
physiological responses to external stimuli (Franklin,
Broadway, Mrazek, Smallwood, & Schooler, 2013; Schooler
et al., 2011; Smallwood et al., 2008; Smallwood et al., 2011).

If our brains become largely decoupled from external input
while mind wandering, then mind wandering should also pro-
vide an antidote to habituation in situations in which identical
stimuli are presented repeatedly, a prime example of which is
the context in which semantic satiation occurs.
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Study 1

We sought to explore the possibility that mind wandering may
reduce semantic satiation effects, by embedding experience-
sampling probes within a standard paradigm for assessing se-
mantic satiation. Participants made “related”/*“unrelated” judg-
ments about word pairs that varied with respect to the number
of times that the first word in each pair was presented before the
second word appeared. “Long” trials included numerous repe-
titions of the first word, thereby jeopardizing semantic priming
and encouraging semantic satiation. In contrast, “short” trials
included only a few repetitions of the first word, thereby
(hypothetically) preserving priming. Throughout the task, par-
ticipants received experience-sampling probes to characterize
their performance on the basis of whether or not they had mind
wandered. We hypothesized that a semantic-satiation effect
would be observed for trials for which participants reported
being on task, but that it would be reduced on trials that partic-
ipants characterized as including mind wandering. In other
words, we predicted that when participants mind wandered,
semantic priming would be preserved even after many presen-
tations of the first word in a given word pair.

Method

Participants A total of 116 (65 females, 51 males) undergrad-
uate students participated in exchange for course credit (mean
age = 19.13 years, SD = .86). This study was approved by the
University of California Santa Barbara’s Institutional Review
Board, and informed consent was obtained from each partic-
ipant at the beginning of the experimental session.

Materials In all, 30 pairs of related words and 30 pairs of
unrelated words were used, taken from Wible and colleagues’
(2006) study of semantic priming. Related word pairs had
high semantic connectivity, whereas unrelated word pairs
had low semantic connectivity. The words in both the related
and unrelated conditions were matched for frequency, number
of syllables, and familiarity.

Procedure Participants completed 60 trials of the following
procedure: For each trial, a single noun was presented centrally
onscreen for 1,500 ms, and then removed for 500 ms. This
process repeated until the first noun had been presented two,
three, or four times (the “short” trials) or 28, 29, or 30 times (the
“long” trials); the number of first-noun repetitions for each trial
was determined pseudorandomly, such that 30 trials had a short
duration and 30 trials had a long duration. After the repetitive
presentation of the first noun, a second noun was presented
once, and participants responded with a keypress whether they
thought the two nouns presented in the trial were semantically
related. The related and unrelated word pair trials were distrib-
uted randomly throughout the task. Participants were instructed
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to make their responses “as quickly and accurately as possible”
and as soon as they observed the second word in the pair; the
second word remained onscreen until a response was made.
Participants responded by keypress and received auditory
feedback for correct and incorrect responses.

In between trials, participants were presented with the fol-
lowing mind-wandering thought probe onscreen: “Did your
mind wander during the previous trial?” Participants indicated
their response by keypress.

Results

For the analysis, participants’ responses were coded as either
correct or incorrect, and binned into categories of “on task” or
“mind wandering” based on the thought-probe responses.
Furthermore, each trial could be categorized as either “short”
or “long” and as featuring either a related or an unrelated noun
pair. In order to exclude outliers, trials on which participants’
RTs were less than 200 ms or greater than 3 s were discarded,
as were trials on which a participant’s RT was more than 2.5
standard deviations beyond their mean RT during the task.
Although our principal hypothesis does not make a predic-
tion regarding the effect of mind wandering on accuracy with-
in this task, we sought to determine whether mind wandering
led to any global differences in performance. To do this, we
calculated each participant’s accuracy separately for trials on
which he or she was either “on task” or “mind wandering.”
Employing a paired ¢ test, we found that accuracy was signif-
icantly lower on average for trials on which participants re-
ported mind wandering (M = .83, SD = .22) than for on-task
trials (M = .98, SD = .04): #(113) = —7.44, p < .001. A likely
reason for the detrimental effect of mind wandering on accu-
racy observed here is that individuals may have inadequately
encoded the first of the paired words during some short trials
as a result of mind wandering, reflecting poor attentional focus
on the task itself and producing errors on this relatively easy
task. To assess this possibility, we compared participants’ ac-
curacy as a function of trial duration and thought-probe re-
sponse using a 2 (Duration: long or short) x 2 (Thought-Probe
Response: on task or mind wandering) repeated measures
analysis of variance (ANOVA). This ANOVA revealed main
effects of both duration [F(1, 95) = 25.22, p < .001] and
thought-probe response [F(1, 95) = 72.83, p <.001], as well

as a significant Duration x Thought-Probe Response interac-
tion [F(1, 95) = 18.72, p < .001]. Participants’ mean accura-
cies across these four conditions are reported in Table 1.
Participants performed less accurately on short-duration trials
overall, and also less accurately when they reported mind
wandering. Moreover, as indicated by the interaction effect,
the effect of mind wandering on accuracy was most detrimen-
tal among the short-duration trials, suggesting that the nega-
tive impact of mind wandering on accuracy within this task
was largely driven by a failure to adequately attend to the task-
related information at the onset of individual trials.

To demonstrate the effect of mind wandering on the
semantic-satiation effect by directly comparing “on-task”
and “off-task” trials, we calculated the mean difference in
the RTs for related and unrelated word pairs; this measure
reflects the priming effect, and was calculated separately for
“on-task” and “off-task” trials at each duration condition.
Using the priming effect as the dependent variable, a 2
(Duration: short or long) x 2 (Thought-Probe Response: on
task or mind wandering) repeated measures ANOVA yielded a
main effect of duration [F(1, 51) = 6.04, p < .05, 7* = .106],
such that participants generally showed the greatest priming at
the short durations, whereas the main effect of thought-probe
response was nonsignificant [F(1, 51) = 3.24, n.s., i = .061].
Most importantly, the Duration x Thought-Probe Response
interaction was significant [F(1, 51) = 13.36, p = .001, 1f* =
.208]. Although both “on-task” and “mind-wandering” trials
were associated with semantic priming within the short trial
durations, priming only occurred within the long trial dura-
tions when “mind wandering” was reported (see Fig. 1). A
paired ¢ test comparing the priming effects for “on-task” ver-
sus “mind-wandering” long-duration trials showed a signifi-
cant effect: #(73) =-6.53, p <.001.

Study 2

Study 1 provided evidence that mind wandering can encour-
age dishabituation, and thereby attenuate the mind-numbing
effects of repetition. However, Study 1 possessed several lim-
itations. First, it relied on self-reports of mind wandering that
may have been influenced by participants’ performance on the
semantic judgment task, given that these reports were made

Table 1  Study 1: mean accuracy (proportion of trials responded to correctly) by trial length (i.e., number of repetitions) and task focus (on task vs.

mind wandering)

Trial Length (number of repetitions): Short Long

Task Focus: On Task Mind Wandering On Task Mind Wandering
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Mean accuracy 976 (.048) 752 (.309) 987 (.039) .895 (.160)

Standard deviations are reported in parentheses.
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Priming Effects by Trial Duration and Task Focus
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Fig. 1 Study 1: priming effects for short- versus long-duration trials, displayed by task focus (on task vs. mind wandering). Priming effect = Average RT
for unrelated word pairs — Average RT for related word pairs. Error bars represent standard errors

immediately after making the semantic judgments. It is there-
fore possible that semantic judgment accuracy could have
been used heuristically in participants’ mind-wandering self-
assessments. Second, the retrospective nature of the mind-
wandering reports may also have reduced the accuracy with
which participants judged their mental state during each trial.
Third, Study 1 provided only a dichotomous measure of mind
wandering, which does not allow for assessments of the pos-
sible influence of the degree of task disengagement within
semantic-satiation trials.

We sought to validate the findings from Study 1 within a
paradigm that addressed these possible concerns. To do so, we
developed a new test of semantic satiation, embedded within a
“sustained attention to response task” (SART) paradigm
(Robertson, Manly, Andrade, Baddeley, & Yiend, 1997).
The SART is a go/no-go task commonly used to assess indi-
viduals’ propensities to exhibit lapses in attention (e.g.,
Cheyne et al., 2009). The standard SART procedure involves

Table 2 Study 2: multiple regression predicting semantic judgment
accuracy across the entire task using SART errors and omissions

Dependent Variable: I3 t P
Semantic-judgment
accuracy (entire task)

—.464 -3.18 .004
-.526 -3.54 .001
R*= 42, F(2,27)=9.65, p < .001

Proportion of SART errors

Proportion of omission errors
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responding to numbers. In the newly devised “semantic-sati-
ation SART” version of this paradigm, we modified the pro-
cedure so that the stimuli were words. This enabled us to
observe semantic satiation within the context of a paradigm
that offered behavioral markers of mind wandering.

Notably, the SART produces several behavioral indices
that have been associated with different degrees of mind wan-
dering (Mrazek, Smallwood, & Schooler, 2012a). Two types
of errors occur within the SART: errors of commission (fail-
ures to withhold a response to “no-go” stimuli; known as
“SART errors”) and errors of omission (failures to respond
to “go” stimuli). These errors reflect differential degrees of
task disengagement. Errors of commission are largely driven
by the speeding of RTs and are indicative of fluctuations in the
exertion of attentional control on the task demands, whereas
errors of omission represent a stronger decoupling from the
task environment and can be considered to reflect more
pronounced degrees of mind wandering (Cheyne et al., 2009).
In short, behavioral indices from the newly devised
semantic-satiation SART provide an avenue through
which to address the main limitations of Study 1, since they
are not obtained by self-report, are nonretrospective, and
allow for examinations of the effects of varying degrees
of inattention.

Method

Participants Thirty (16 females, 14 males) undergraduate
students participated in exchange for course credit (mean
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Table3  Study 2: predicting semantic judgment accuracy and semantic
priming within long trials by the proportion of SART errors and omissions

Dependent Variable Semantic-Judgment Semantic-Priming
(long trials): Accuracy Effect
Proportion of SART errors —431" —.043
Proportion of omission errors —.273 398"

Statistics reported are Pearson product-moment correlations (). * p <.05.

age=19.37 years, SD = 1.35). This study was approved by the
University of California Santa Barbara’s Institutional Review
Board, and informed consent was obtained from each partic-
ipant at the beginning of the experimental session.

Procedure Participants performed 60 trials of an adapted
semantic-satiation SART in which they were to respond via
keypress to each presentation of a particular word on screen
(go stimulus), but to withhold responses to infrequent stimuli
that consisted of random five-character strings of consonants
(e.g., “ZHGVT”). No-go targets appeared randomly through-
out each trial on 20 % of stimulus presentations. SART trials
varied between one and 30 stimulus presentations (not includ-
ing the nonword no-go stimuli). At the end of each SART trial,
anew word was presented on screen (in blue), and participants
were asked to determine whether the new word was semanti-
cally related to the word that had been presented during the
SART portion of the trial. Trials of each repetition value (1—
30) were each presented twice during the experiment, in ran-
dom order. Word pairs for these trials were identical to those
used in Study 1, such that 30 trials featured semantically re-
lated word pairs and 30 trials featured unrelated word pairs.
Word pair relatedness was counterbalanced throughout the
task, such that related and unrelated words pairs occurred
equally often across trial lengths.

Table 4 Summary statistics for measures of mind-wandering and
semantic judgment accuracy for short versus long trials in Studies 1 and 2
Trial Length Short Long
(number of repetitions): Mean (SD)  Mean (SD)
Study 1

Proportion of trials with mind wandering  .221 (.243) .535 (.340)

Mean semantic-judgment accuracy 938 (.067) .956 (.054)
Study 2

Proportions of SART errors 228 (.203) 212 (.129)

Proportion of errors of omission .020 (.021) .012 (.022)

Mean semantic-judgment accuracy .880 (.109)  .955 (.065)

In Study 1, short trials featured two, three, or four stimulus repetitions,
whereas long trials featured 28, 29, or 30 repetitions. In Study 2, short
trials featured one to ten stimulus repetitions, whereas long trials featured
21-30 repetitions.

Results

We sought to examine the contributions of varying levels of
disengagement, indexed separately by SART errors of omis-
sion and commission, toward semantic judgment accuracy
and semantic priming. In Study 1, mind-wandering reports
were associated with poorer semantic judgment performance.
A similar effect was observed within the SART-based para-
digm, in which both the proportion of SART errors made
during the task (i.e., the number of no-go target responses
divided by the number of no-go targets) and the proportion
of omission errors (i.e., the number of go targets that were not
responded to divided by the total number of go targets) were
negatively associated with semantic judgment accuracy
throughout the entire task. Multiple regression analysis indi-
cated unique contributions of each type of error toward se-
mantic judgment accuracy overall (Table 2).

Study 1 also revealed that mind-wandering reports were
associated with greater semantic-priming effects for long-
duration trials. We assessed the relationship between SART
errors and omissions and the semantic-priming effect for the
one-third of trials with the largest numbers of stimulus repeti-
tions (i.e., 21-30 repetitions). The proportion of SART errors
within these long trials did not predict maintained semantic
priming on high-repetition trials, whereas the proportion of
errors of omission within long trials was positively associated
with greater semantic priming (Table 3). Notably, an opposite
pattern was observed in relation to semantic judgment accuracy
within the longer trials: The proportion of SART errors showed
a significant negative association with semantic judgment ac-
curacy, whereas errors of omission did not (Table 3).!

General discussion

These studies collectively demonstrate that mind wandering
can eliminate the semantic-satiation effect. In Study 1, we
directly assessed mind wandering using a self-report measure
and found that whereas the semantic-satiation effect was ob-
served across long trials on which participants reported being
on task, no such effect was observed within long “mind-
wandering” trials. Instead, we found a maintained semantic-
priming effect within long-duration “mind-wandering” trials.
However, the mind-wandering reports in Study 1 may not

! The use of SART errors as indicators of inattention may be susceptible
to confounding effects of speed—accuracy trade-offs (SATOs; Seli,
Jonker, Cheyne, & Smilek, 2013). One method to statistically control
for SATOs is to use the SART RT as a covariate with SART errors in
correlational analyses. Although not reported here, we performed each of
the present analyses involving SART errors with SART RT included as a
covariate. The statistical significance of the relationships between SART
errors, semantic judgment accuracy, and semantic priming was unaffected
by the inclusion of this covariate.
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have been entirely accurate. The mind-wandering measure
was self-reported after each semantic judgment, and therefore
may have been influenced by judgment accuracy, so that poor
performance may have served as a heuristic for self-reporting
mind wandering. Furthermore, the retrospective nature of the
reports in Study 1 may have reduced participants’ ability to
accurately assess their mental states within each trial. Finally,
it is also possible that the predictable structure of trials in
Study 1 may have allowed for strategically timed mind wan-
dering. We therefore implemented a semantic-satiation task
within a novel SART task in Study 2, allowing us to assess
differing levels of mind wandering separately and indirectly
using well-established behavioral indices of mind wandering
within the SART. In support of the conclusions of Study 1, we
found that errors of omission within longer-duration SART
trials actually predicted improved semantic priming within
those trials.

The results of Study 2 shed additional insight into the likely
mechanism by which mind wandering may reduce semantic
satiation. In Study 2, SART errors on long trials did not predict
semantic priming, whereas errors of omission did. SART errors
are the product of fluctuations in attentional control over the
responses demanded by the task, and they are predicted by
other indirect measures of attentional fluctuation within the
SART (e.g., SART RT, RT coefficient of variation), but in our
study their effects were distinguishable from the effects of er-
rors of omission: We did not observe a significant relationship
between the proportions of SART errors and errors of omission
at either the whole-task or the longer-trial level. Omission errors
are thought to reflect the process of decoupling from the task
environment, and thus are also the most direct indications of
elaborative mind wandering within sustained attention tasks
(Cheyne et al., 2009). This decoupling during mind
wandering appears to be crucial for the reduction of the
semantic-satiation effect.

Decoupling reduces the processing of external stimuli. The
dampened processing of the repeatedly presented words dur-
ing intermittent periods of mind wandering within both exper-
iments may therefore have minimized habituation at either the
sensory or the semantic level. Although it seems highly prob-
able that perceptual decoupling underpins mind wandering’s
capacity to enable maintained semantic priming despite re-
peated presentations of a semantic prime, the present
studies did not include a direct measure of externally
directed attention. The present results strongly suggest,
however, that future research would reveal evidence that the
reduction in semantic satiation observed in this paradigm is
associated with a concomitant attenuation in attentional re-
sources directed toward the primes.

Although mind wandering enabled the maintenance of
semantic-priming effect for long-duration trials within both
experiments, this occurred at a cost in overall accuracy. The
negative impact of mind wandering on performance on these
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tasks was largely confined, however, to trials of shorter dura-
tions. Although both studies revealed an overall negative as-
sociation between mind wandering and semantic-judgment
accuracy, neither study demonstrated such a negative relation-
ship when the analyses were confined to longer trials
(Table 4); although SART errors did predict negative perfor-
mance in Study 2, omissions, which reflect more pronounced
and decoupled mind-wandering episodes, did not. We hypoth-
esize that the negative effect of mind wandering on accuracy
for shorter trials reflects inadequate initial encoding of the
prime stimulus prior to the semantic judgments, as this nega-
tive effect did not occur during trials in which the prime stim-
ulus was repeated many times.

The results of these studies indicate that mind wandering
may indeed play the role of a “dishabituator” under repetitive
conditions. Moreover, these data point to the critical impor-
tance of full decoupling, or disengagement, to reaping the
benefits of refreshed processing of external events. Modest
attentional fluctuations, indicative of divided attention, did
not produce priming effects under repetitive situations; in fact,
these fluctuations were most associated with poorer perfor-
mance on our semantic-judgment task. In Study 2, full with-
drawal from task-oriented responding was required, if only for
a moment, to produce refreshed processing of the stimuli and
enable semantic priming. Such decoupling from the task de-
mands was typically very infrequent and brief (approximately
2 % of stimulus presentations overall, in Study 2), yet the
benefits were measureable.

More generally, these findings suggest that mind
wandering may offer “mental breaks” that ameliorate
the fatigue of repetitive situations. Ironically, although
primary-task performance may be especially compromised
by more pronounced episodes of perceptual decoupling, these
particularly absorbing lapses may offer the greatest opportu-
nity for dishabituation. When repetition numbs the mind, an
immersive mental departure from the here and now may help
restore it.
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