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Restless Mind, Restless Body

Paul Seli, Jonathan S. A. Carriere, David R. Thomson, James Allan Cheyne,
Kaylena A. Ehgoetz Martens, and Daniel Smilek

University of Waterloo

In the present work, we investigate the hypothesis that failures of task-related executive control that occur
during episodes of mind wandering are associated with an increase in extraneous movements (fidgeting).
In 2 studies, we assessed mind wandering using thought probes while participants performed the
metronome response task (MRT), which required them to synchronize button presses with tones.
Participants performed this task while sitting on a Wii Balance Board providing us with an index of
fidgeting. Results of Study 1 demonstrate that relative to on-task periods, mind wandering is indeed
accompanied by increases in fidgeting, as well as increased response variability in the MRT. In Study 2,
we observed that only deep mind wandering was associated with increases in fidgeting, whereas
task-related response variability increased even during mild mind wandering. We interpret these findings
in the context of current theories of mind wandering and suggest that (a) mind wandering is associated
with costs not only to primary-task performance but also to secondary-task goals (e.g., controlling
extraneous movements) and (b) these costs may depend on the degree to which task-related executive
control processes are disengaged during mind wandering (i.e., depth of mind wandering).

Keywords: mind wandering, fidgeting, Wii Balance Board, metronome response task, MRT

Everyone periodically engages in superfluous bodily move-
ments, colloquially referred to as fidgeting. Fidgeting is commonly
viewed as a general indication of boredom, irritation, and lack of
attentional engagement. In an early test of this claim, Galton
(1885) observed fidgeting behaviors of audience members during
a boring lecture: “Circumstances now and then occurred that
roused the audience to temporary attention, and the effect was
twofold: First, the frequency of fidget diminished rather more than
half; second, the amplitude and period of each movement were
notably reduced” (p. 174). At an individual-difference level, it is
also commonly observed that people differ in levels of both
restless activity and inattention, as well as their co-occurrence.
Consistent with this observation is the diagnosis, description, and
labeling of attention-deficit/hyperactivity disorder (ADHD; Amer-
ican Psychiatric Association, 2000), which groups attention defi-
cits and motor restlessness in a single diagnostic condition. Also
consistent with this observation is the growing body of literature
that has reported a strong link between behavioral (response)
variability in numerous tasks and inattentive symptoms of individ-

uals with ADHD (e.g., Castellanos et al., 2005; Gómez-Guerrero et
al., 2011; Johnson et al., 2007).

Building on these observations, here we investigated potential
links between motor restlessness (fidgeting) and mental restless-
ness (i.e., mind wandering; for reviews, see Smallwood, 2013;
Smallwood & Schooler, 2006) in a nonclinical population. Spe-
cifically, we explored the hypothesis that, at least under conditions
of mildly constrained movement analogous to the lecture context
in Galton’s (1885) study or the classroom for the attention-
deficient and restless child, mind wandering may be temporally
associated with increased fidgeting.

The hypothesis that mind wandering and fidgeting are related
receives support from a recent study in which it was observed that,
within a general non-ADHD Web sample, self-reported fidgeting
(assessed by the Spontaneous Activity Questionnaire; SAQ) was
positively correlated with self-reported mind wandering (assessed
by the Spontaneous Mind Wandering Questionnaire; Carriere,
Seli, & Smilek, 2013). However, given that the observed relation
between fidgeting and mind wandering was at the level of indi-
vidual differences, a critical question that remains unanswered is
whether fidgeting is associated with mind wandering at a local,
episodic level (as suggested by Galton, 1885). Moreover, given
that Carriere et al. (2013) used self-report rather than behavioral
measures of fidgeting, another unanswered question is whether
behavioral measures of fidgeting are related to reports of mind
wandering, both in the moment and at a global (individual-
differences) level. Both of these questions are addressed in the
present article.

In addition to the aforementioned empirical observations, the
hypothesis that mind wandering and fidgeting are temporally as-
sociated receives theoretical support from the two currently dom-
inant accounts of mind wandering: (a) the attentional-resource
account (Smallwood & Schooler, 2006) and (b) the executive-
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control-failures account (McVay & Kane, 2010). Although these
accounts differ from one another in subtle ways (see McVay &
Kane, 2010), they both converge on the assumption that during
mind wandering, task-related executive-control processes are dis-
engaged, which, in turn, results in deficits in primary-task perfor-
mance (e.g., McVay & Kane, 2010; Smallwood & Schooler, 2006;
see also Cheyne, Solman, Carriere, & Smilek, 2009; Christoff,
Gordon, Smallwood, Smith, & Schooler, 2009; Risko, Anderson,
Sarwal, Engelhardt, & Kingstone, 2012; Smallwood, Baracaia,
Lowe, & Obonsawin, 2003; Schooler et al., 2011; Smallwood,
Beach, Schooler, & Handy, 2008; Smallwood, McSpadden, &
Schooler, 2007; Teasdale et al., 1995).

In extending these accounts of mind wandering to the present
work, it is important to note that most laboratory tasks (and a
considerable number of everyday tasks) require people to exert
mild constraint over their bodies such that they minimize move-
ments during task performance. Take, for example, a student
attending a lecture or an audience member in Galton’s (1885)
account. In such scenarios, at least two tasks must, to some extent,
be achieved: (a) One must attend to the lecture (a primary task) and
(b) one must sit relatively still while attending (a secondary task).
Although both the attentional-resource account and the executive-
control-failures account predict decrements in primary-task per-
formance during periods of mind wandering, if a given secondary
task (e.g., constraining bodily movements) requires at least some
amount of executive-control resources, then a logical extension of
these accounts is that during mind wandering, performance dec-
rements should be observed not only in the primary task but in the
secondary task as well. This is because during mind wandering,
fewer executive-control resources will be directed toward these
tasks and full maintenance of the tasks will therefore not be
possible. Hence, in cases where an individual’s secondary task is
to sit relatively still, assuming that this secondary task requires at
least some executive-control resources, both the attentional-
resource account and the executive-control-failures account pre-
dict that mind wandering should be associated with poorer task
performance, which should manifest as increased bodily move-
ments (i.e., fidgeting).

Study 1

The primary purpose of Study 1 was to assess whether fidgeting
would increase during episodes of mind wandering, relative to
periods during which attention is focused on the primary task. To
test this prediction, we had participants sit on a Wii Balance Board
to measure fidgeting while they completed a sustained-attention
task known as the Metronome Response Task (MRT; Seli,
Cheyne, & Smilek, 2013; Seli, Jonker, Cheyne, & Smilek, 2013).
In the MRT, participants are presented with a constant series of
tones (roughly one every second) and are instructed to respond
synchronously (via button press) with the onset of each tone.
While participants performed the MRT, we randomly sampled
their thoughts to determine whether their minds were (a) on task or
(b) wandering (see Giambra, 1995; Smallwood et al., 2008; Small-
wood & Schooler, 2006). These thought-content reports allowed
us to associate fidgeting behaviors with mind wandering and
on-task periods, thereby allowing us to test the prediction that
fidgeting will increase during episodes of mind wandering. It is
important to note that before we tested this prediction, we first

wanted to ensure that the measure of movement yielded by the Wii
Balance Board was validly indexing fidgeting. To do this, we
obtained participants’ self-reported fidgeting scores (indexed by
the SAQ) and correlated these scores with their Wii Balance Board
movement data, predicting a positive relation between the two
measures; such a finding would indicate that the measure of
movement produced by the Wii Balance Board does indeed validly
index fidgeting.

As a secondary objective of Study 1, we sought to examine
whether mind wandering is associated with performance decre-
ments in the primary task of responding synchronously to the
metronome tones (a result first reported by Seli et al., 2013). To
explore this possibility, we examined the variability in MRT
responses during both periods of mind wandering and on-task
performance, expecting to observe more variability during self-
reported episodes of mind wandering relative to on-task periods.
Finally, we assessed individual differences in the SAQ measure of
fidgeting, mind-wandering reports, and observed fidgeting
throughout the MRT.

Method

Participants. Participants were 82 undergraduate students en-
rolled in psychology courses at the University of Waterloo. We
decided, a priori, to collect data from as many participants as
possible before the end of the term, at which point we would
terminate data collection. Three participants were removed from
all analyses because they did not report at least one instance of
both mind wandering and on-task performance, and five partici-
pants were removed from all analyses because they failed to
respond on more than 10% of trials, indicating a failure to comply
with instructions (see Seli et al., 2013). Hence, data from 74
participants were analyzed.

Apparatus. Stimulus presentation was controlled by an Acer
Aspire AX1930-ES10P desktop computer. The MRT program was
constructed using E-Prime 1.2 software (Psychology Software
Tools, Pittsburgh, PA), and a separate program running under
32-bit Python 2.6 (Python Software Foundation, http://www.python
.org) and using Brian Peek’s WiimoteLib 1.7 (Brian Peek, http://
channel9.msdn.com/coding4fun/articles/Managed-Library-for-
Nintendos-Wiimote) collected movement data from the Wii Bal-
ance Board. A time stamp was recorded at the start of every MRT
trial and later used for synchronization with the movement data.
We report all measures collected in Study 1.

MRT. The interval between the start of each 75-ms tone (approx-
imately 60 dB) was a constant 1,300 ms. Participants were instructed to
respond (via right or left mouse click) at the precise moment at which
each tone was presented. All participants were instructed to sit on
the Wii Balance Board and hold the mouse (with which they
responded) in their laps throughout the study. This ensured a more
constant weight was being applied to the Wii Balance Board
throughout the task rather than, for example, periodically having
some of the participants’ weight supported by a desk if participants
leaned forward, as would possibly be the case if they responded
using a keyboard (as in the initial MRT study; Seli et al., 2013).
Accordingly, this method should ensure the maximum sensitivity
for detecting fidgeting movements. Participants were further in-
structed to treat the Wii Balance Board as they would a normal
chair, and there were no explicit instructions to remain still during
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the task. The balance board was placed on top of a flat bench and
sat roughly 18 cm from ground level (approximately the same
height as a standard chair). Participants completed 18 practice
trials and then 900 experimental trials. We sampled for mind
wandering throughout the task by presenting one thought probe
randomly within each block of 50 trials (thus, each participant
received a total of 18 probes). On the presentation of each probe,
the MRT paused and participants saw the following instruction:
“Stop. Please indicate whether, just prior to the onset of this
screen, you were (1) on task, or (2) mind wandering.” Prior to
beginning the study, participants were instructed to indicate that
they were on task if they were thinking only about things that were
related to the MRT (e.g., about their performance on the task,
whether their press was early or late) or that they were mind
wandering if they were thinking about things that were completely
unrelated to the task (e.g., upcoming plans, studying for an exam,
what to eat for dinner). After participants responded to each of the
thought probes (via keypress), they were presented with a screen
indicating that they should prepare to begin responding to the tones
again and that they should click on the mouse to reinitiate the
MRT.

MRT measures. We calculated rhythmic-response times
(RRTs) as the difference between the onset of each tone and the
associated button press and then divided RRTs into three classes:
(a) those produced on the five trials preceding reports of mind
wandering, (b) those produced on the five trials preceding reports
of on-task performance,1 and (c) a moving window of the preced-
ing five trials across all trials throughout the task (hereafter re-
ferred to as overall mean RRT).2 Within each five-trial window,
we computed the variances of the observed RRTs. To minimize
problems of contamination in the participants’ rhythmic respond-
ing, we excluded from our variance calculations those RRTs
collected within five trials of a preceding probe and the first five
trials of the task. Finally, all RRT variance values were normalized
using a natural logarithm transformation (Seli et al., 2013).

Behavioral measures of fidgeting. Fidgeting was defined as
the total amount movement detected via the Wii Balance Board
during each trial. There are four sensors in the balance board, one
in each foot. Each sensor measures vertically applied force, up-
dates at a rate of approximately 60 Hz, and tends to have a
different baseline value and resting noise profile (i.e., the mean and
standard deviation observable with no weight or movement pres-
ent). To detect movement during each trial of the MRT, we logged
the sensor values, and any change found between two subsequent
readings of a given sensor was compared against the resting noise
profile for that sensor. Readings that involved an absolute change
in value greater than 1.96 standard deviations of the resting noise
profile on at least two sensors were considered to reflect actual
movement rather than random variation, and the moment-to-
moment movement across the four sensors was summed to calcu-
late the total movement for the trial.

Recorded total trial movement values were analyzed using the
same method that was used with the RRT variance measures
above, with the exception of calculating mean values rather than
variance, as total movement is already a measure of variability.
Accordingly, three fidgeting measures were calculated: (a) the
mean fidgeting recorded on the five trials preceding reports of
mind wandering, (b) the mean fidgeting recorded on the five trials
preceding reports of being on task, and (c) the overall mean

amount of fidgeting throughout the task. As with the RRT mea-
sures, these calculations excluded the first five trials and any
movement collected within five trials of a preceding probe. Sim-
ilarly, all mean movement values were likewise normalized using
a natural logarithm transformation.

A self-report measure of fidgeting: The SAQ. At the very
beginning of the study, we assessed trait-level perceived fidgeting
behavior via the SAQ (Carriere et al., 2013). This questionnaire is
nonspecific with respect to any particular fidgeting behavior and
focuses on the extent to which the individual tends to fidget in
everyday life. The SAQ comprises eight items using a 7-point
Likert-type scale, such as “Relative to other people, I feel I fidget”
(scored from 1 � a lot less to 7 � a lot more).

Results

Fidgeting, mind wandering, and the SAQ. To assess the
validity of our balance-board measure of fidgeting, we first exam-
ined the relation between each participant’s mean SAQ and mean
movement score. Next, we sought to determine whether one’s
overall proportion of mind wandering during the MRT was posi-
tively related to his or her SAQ scores, as would be expected on
the basis of Carriere et al.’s (2013) results. Finally, we examined
the correlation of the overall proportion of mind wandering and
overall observed movement. The Pearson product–moment corre-
lation coefficient between the SAQ and observed movement was
significant (r � .36, p � .002), providing evidence that the
balance-board measure does indeed validly index fidgeting. In
addition and consistent with Carriere et al.’s finding of a positive
relation between self-reported measures of mind wandering and
fidgeting, we observed a significant correlation between the SAQ
and overall mind-wandering proportion during the MRT (r � .37,
p � .001). We also found a significant correlation between overall
mind-wandering proportion and overall observed movement (r �
.30, p � .010). Thus, in general, participants who self-reported
more mind wandering during the laboratory task also reported
more everyday fidgeting and fidgeted more during the task.

Fidgeting for on-task and mind-wandering reports. To es-
timate the reliability of our movement (fidgeting) measure (col-
lected via the Wii Balance Board), we conducted a correlational
analysis of the mean movement observed on all nonoverlapping
five-trial windows, splitting by windows ending on odd- and
even-numbered trials (i.e., the overall mean movement for the
windows including Trials 5–9, 15–19, 25–29, etc., and for the
windows including Trials 10–14, 20–24, 30–34, etc.). The Pear-
son product–moment correlation coefficient of mean movement
observed for odd- and even-numbered nonoverlapping windows
was highly significant (r � .99, p � .001), confirming the reli-
ability of this measure.

1 When examining response variability and fidgeting prior to self-reports
of both on-task performance and mind wandering, we decided to use a
five-trial window because (a) we wanted to have a sufficient number of
trials with which to compute variance and fidgeting scores and (b) we did
not want to sample data from trials that preceded the probes by too much
time, because then we might have sampled behavior that was not proximal
(and therefore not relevant) to the current thought probe.

2 We used the moving-window analysis because it retained the temporal
component of the variance across the task while also limiting the influence
of outlier responses on overall variability.
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Having demonstrated that our movement measure is reliable, we
next assessed whether movement differed across report type. A
paired-samples t test yielded a significant difference, t(73) � 3.25,
SE � 0.09, p � .002, r � .36, demonstrating that participants’
movements were greater during mind wandering (M � 4.05, SD �
0.88) than during on-task performance (M � 3.76, SD � 0.80).

MRT response variance for on-task and mind-wandering
reports. The reliability of the RRT variance measure was exam-
ined using the same method that was used for the movement (i.e.,
fidgeting) measure. The Pearson product–moment correlation co-
efficient of the mean RRT variances observed for odd and even
numbered nonoverlapping windows was highly significant (r �
.96, p � .001), confirming the reliability of the RRT variance
measure.

Having demonstrated the reliability of the RRT variance mea-
sure, we next assessed whether RRT variance differed across
report type by conducting a paired-samples t test and observed a
significant difference, t(73) � 3.28, SE � 0.09, p � .002, r � .36,
demonstrating that participants’ RRT variance was more pro-
nounced during episodes of mind wandering (M � 8.29, SD �
0.60) than during on-task performance (M � 8.01, SD � 0.78).
This finding replicated the result first reported by Seli et al. (2013).

Fidgeting and MRT response variance. Pearson product–
moment correlation coefficients were calculated among the partic-
ipants’ overall mean movement within trials (i.e., fidgeting) and
overall mean MRT RRT variance. A nonsignificant relation (r �
.16, p � .17) was observed. This finding suggests that at the level
of individual differences, fidgeting and response variability are
relatively independent measures.

Discussion

In Study 1, we first sought to determine whether the measure
yielded by the Wii Balance Board validly indexed fidgeting. To do
this, we examined its relation with self-reported fidgeting indexed
by the SAQ and observed a robust association between these two
measures, indicating that the balance board does indeed validly
index fidgeting. Having demonstrated this, we then moved on to
evaluate the prediction that fidgeting increases during periods of
mind wandering relative to on-task periods. This prediction was
made on the basis of the recent finding of a relation between
fidgeting and mind wandering by Carriere et al. (2013) and on
current accounts of mind wandering (i.e., McVay & Kane, 2010;
Smallwood & Schooler, 2006), which suggest that performance
decrements should be observed in any task that requires executive-
control resources because mind wandering will be associated with
a disengagement of these resources. Extending these accounts, we
suggested that during mind wandering, performance decrements
should be observed not only in cases where executive-control
resources are required for the maintenance of primary-task perfor-
mance (e.g., consistent responding in the MRT) but also in cases
where these resources are necessary for secondary-task perfor-
mance, such as remaining moderately still for protracted periods of
time. Consistent with this hypothesis, the results from Study 1
revealed more RRT variance (a primary-task decrement) and more
fidgeting (a secondary-task decrement) during mind wandering
than during on-task periods.

In addition to these findings, we also observed a significant
positive correlation of participants’ mean SAQ scores and their

proportion of mind wandering during the task. This result con-
verges with the previously observed (Carriere et al., 2013) positive
relation of self-reported mind wandering with self-reported fidg-
eting (assessed by the SAQ) and is consistent with the hypothesis
that, in general, people who exhibit more fidgeting tend to report
more instances of mind wandering. The results therefore suggest
that mind wandering is related to increased fidgeting, both in terms
of observable behavior and at a self-reported individual-
differences level.

In considering the findings from Study 1, it is important to note
that recent literature suggests that mind wandering is likely not an
all-or-none phenomenon but instead occurs on a continuum, with
varying degrees or depths ranging from modest to severe (e.g.,
Cheyne, Carriere, & Smilek, 2009; Christoff et al., 2009; Schad,
Nuthmann, & Engbert, 2012; Smallwood et al., 2007, 2008; Small-
wood & Schooler, 2006). Extending this claim, we propose that the
amount of executive resources directed toward the maintenance of
primary and secondary tasks might vary as a function of depth of
mind wandering, with deeper levels being associated with less
control and vice versa. On this view, one would expect deficits in
task-related performance only if the requirements of a task exceed
the amount of resources directed toward that task. Low-resource-
demanding tasks that are performed concurrently with mild mind
wandering would not be adversely affected due to sufficient task-
directed resources. Rather, such tasks should only be adversely
affected when there are very low levels of resources directed to the
task, as would be the case during instances of deep mind wander-
ing. However, high-resource-demanding tasks should be adversely
affected even during mild mind wandering episodes, because even
relatively minor disengagement of task-related control would pre-
sumably be detrimental when task demands are high.

Applying the above-mentioned line of reasoning to the present
work, we suggest that the secondary task of mildly constraining
one’s bodily movements (i.e., suppressing fidgeting) generally
requires a relatively small amount of executive resources. Thus,
decrements in secondary-task performance may typically become
evident primarily during deep states of mind wandering in which
a large proportion of executive-control resources are disengaged
from the task. However, we suggest that the task of responding
synchronously with the metronome tones requires a relatively
large proportion of executive resources and might therefore be at
least somewhat adversely affected during even mild mind wander-
ing, with increases in performance decrements being observed as
executive resources become further disengaged from the task (as
we suggest is the case when mind wandering deepens). On the
basis of this hypothesis, we expect to observe (a) a steady
increase in MRT variance as a function of depth of mind
wandering and (b) increased fidgeting at the deepest levels of
mind wandering. To test these predictions, in Study 2, we again
had participants complete the MRT while sitting on the Wii
Balance Board. However, unlike Study 1, here we used a
continuous (rather than dichotomous) 5-point self-report mea-
sure of mind wandering to assess the possibility that variance
and fidgeting are differentially affected at varying levels of
mind wandering. Finally, given the limited number of probes
(i.e., 18) presented to each participant, we increased our sample
size to ensure there would be a sufficient number of responses
at each level of mind wandering across participants.
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Study 2

Method

Participants. We collected data from 125 undergraduate stu-
dents. With respect to our a priori rule for terminating data col-
lection, we decided to (a) collect data from at least 100 participants
and, assuming we could reach that goal, (b) continue collecting
data from as many participants as possible before the end of the
term. Data from nine participants were removed from all analyses
because these participants failed to respond on more than 10% of
trials. Thus, data from 116 participants were analyzed.

Procedure. All details of Study 2 were identical to Study 1
except that (a) we did not administer the SAQ; (b) participants
responded to 18 randomly presented thought probes that assessed
self-reported mind wandering on a continuous 5-point Likert-type
(rather than dichotomous) scale; and (c) we divided RRTs and
fidgeting movements into five classes, one for each level of mind
wandering (see below). On presentation of each thought probe,
participants were asked to use a scale adapted from Mrazek et al.
(2012; see also Christoff et al., 2009) to characterize their mental
state just prior to the onset of the probe. The scale items were as
follows: 1 � completely on task, 2 � mostly on task, 3 � both on
the task and thinking about unrelated concerns, 4 � mostly think-
ing about unrelated concerns, 5 � completely thinking about
unrelated concerns. As can be seen from the scale anchors, on the
whole, the scale represents the thoughts one might experience with
an increasingly wandering mind. We report all measures collected
in Study 2.

Results

As expected, given the relatively small number of thought
probes presented, a number of participants (68 of 116) did not
report at least one instance of each level of mind wandering. Given
this feature of our data, we decided to analyze the data in two
ways, each having its own strength. The first way we examined our
data was by restricting our analyses to include only those partic-
ipants who reported at least one instance of each level of mind
wandering: This analysis has the advantage of using only observed
(rather than imputed) data at every level of mind wandering. The
second way we chose to analyze the data was to use imputation for
missing data, which has the advantage of allowing us to use all of
the available data.

Fidgeting as a function of level of mind wandering. The
reliability of the movement (i.e., fidgeting) measure was again
examined using the method described in Study 1. The Pearson
product–moment correlation coefficient of the mean movements
observed for odd and even numbered nonoverlapping windows
was highly significant (r � .98, p � .001), confirming the reli-
ability of the movement measure.

Using a repeated-measures analysis of variance (ANOVA) that
included data only from participants who reported at least one
instance of each level of mind wandering, we examined mean
movement data (collected via the Wii Balance Board) at each of
the five levels of mind wandering; these data are shown in Figure
1. The analysis yielded a significant effect, F(4, 188) � 3.32, mean
square error (MSE) � 0.34, �p

2 � .07, p � .01, as well as planned
orthogonal difference contrasts comparing fidgeting across the five

levels of mind wandering. The planned contrasts yielded no sig-
nificant differences in fidgeting when comparing mind wandering
Levels 1 and 2 (p � .501, �p

2 � .010), Level 3 and the previous
levels (i.e., the combination of Levels 1 and 2; p � .521, �p

2 �
.009), and Level 4 and the previous levels (i.e., the combination of
Levels 1, 2, and 3; p � .381, �p

2 � .016). However, the contrast
comparing Level 5 to the previous levels (i.e., Levels 1, 2, 3, and
4) was significant (p � .002, �p

2 � .19). These findings indicate
that fidgeting does not increase linearly across more mild levels of
mind wandering (i.e., Levels 1 to 4) but instead increases only
when participants experience deep mind wandering (i.e., Level 5).
It is important to note, however, that we also observed a significant
overall linear increase in movement across all five levels of mind
wandering (p � .005, �p

2 � .15); given the dramatic increase in
movement observed at Level 5, this was not surprising. To ensure
that the significant linear function was completely attributable to
the increase in movement at Level 5, we again ran the repeated-
measures ANOVA, this time excluding Level 5. Corroborating the
hypothesis that increased fidgeting is not associated with lower
levels of mind wandering, we did not observe a significant linear
function among only the first four levels of mind wandering (p �
.18, �p

2 � .03). Thus, it appears fidgeting increased only during the
most severe mind wandering.

We next ran a parallel analysis, this time using imputation for
missing data. Mean movement data using the imputation method
are shown in Figure 2. Again, we found a significant difference in
fidgeting across the five levels of mind wandering, F(4, 460) �
2.68, MSE � 0.36, �p

2 � .02, p � .03. Planned orthogonal differ-
ence contrasts revealed no difference between Levels 1 and 2 (p �
.313, �p

2 � .009), Level 3 and the previous levels (p � .387, �p
2 �

.007), and Level 4 and the previous levels (p � .396, �p
2 � .006).

Critically, however, we again observed a significant increase in
fidgeting for Level 5 compared with the previous levels (p � .007,

Figure 1. Mean transformed movement for each level of mind wandering
(1 � completely on task, 2 � mostly on task, 3 � both on the task and
thinking about unrelated concerns, 4 � mostly thinking about unrelated
concerns, 5 � completely thinking about unrelated concerns) when includ-
ing data only from participants who reported experiencing at least one
instance of each level of mind wandering. Bars represent one standard
error.
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�p
2 � .062), confirming our initial observation that increases in

fidgeting occur only during deep levels of mind wandering. As was
the case in the previous analysis, here we observed a significant
linear increase in movement as a function of the levels of mind
wandering (p � .005, �p

2 � .15) and again attributed this finding
to the increased levels of fidgeting observed at Level 5. To ensure
that there was not a significant linear increase in fidgeting across
Levels 1 to 4, we again ran the repeated-measures ANOVA, this
time excluding Level 5. Consistent with our hypothesis, when
excluding Level 5, we did not observe a significant linear function
(p � .44, �p

2 � .005). On visual inspection of Figure 2, however,
it seems there could be a linear function (particularly from Levels
2 to 4), which might be attenuated when including Level 1. We
therefore ran a repeated-measures ANOVA excluding both Level
5 and Level 1, and once again we did not observe a significant
linear function (p � .16, �p

2 � .017). Taken together, the results
indicate that, as predicted, fidgeting did not increase steadily as
mind wandering increased, but rather, fidgeting increased only
during the deepest level of mind wandering.

As in Study 1, we also explored the relation of mind wandering
with fidgeting at the individual-differences level. Unlike Study 1,
however, here we did not have a simple proportion of mind
wandering measure to relate with overall movement and instead
calculated the overall rate of mind wandering as an average of all
levels of mind wandering. We did not observe a significant cor-
relation (r � .03, p � .749), indicating that observed movement
may not be related to one’s typical level of mind wandering when
measured in this way.

MRT response variance as a function of level of mind
wandering. The reliability of the RRT variance measure was
again examined using the method described for movement and
RRT variance data in Study 1. The Pearson product–moment
correlation coefficient of the mean RRT variances observed for
odd and even numbered nonoverlapping windows was highly

significant (r � .97, p � .001), again confirming the reliability of
the RRT variance measure.

Following the same procedure as in our analysis of the fidgeting
data, we first examined mean MRT transformed RRT variances at
each of the five levels of mind wandering using a repeated-
measures ANOVA that included data only from participants who
reported at least one instance of each level of mind wandering;
these data are shown in Figure 3. The analysis yielded a significant
effect, F(4, 188) � 4.27, MSE � 0.61, �p

2 � .08, p � .01,
indicating that RRT variance differs as a function of level of mind
wandering. Given our prediction that RRT variance would increase
linearly as a function of level of mind wandering, we were par-
ticularly interested in determining whether there was a significant
linear function. The results demonstrated that this was indeed the
case (p � .001, �p

2 � .20).
Next, we ran a parallel analysis, this time using imputation for

missing data. Mean transformed RRT variances data (using the
imputation method) are shown in Figure 4. Again, we found a
significant difference in transformed RRT variance across the five
levels of mind wandering, F(4, 460) � 15.87, MSE � 0.49, �p

2 �
.12, p � .001. As was the case in the previous analysis, we were
most interested in determining whether there was a significant
linear function. The results demonstrated that, again, this was
indeed the case (p � .001, �p

2 � .35).
The results from the two analyses examining RRT variance as a

function of level of mind wandering both converge in supporting
the suggestion that RRT variance increases fairly steadily as the
mind strays further away from the task at hand.

Fidgeting and MRT response variance. A Pearson product–
moment correlation coefficient was calculated between the partic-
ipants’ overall mean movement within trials (i.e., fidgeting), and
overall mean MRT RRT variance, as in Study 1. A nonsignificant
relation (r � �.11, p � .23) was once again observed for move-

Figure 3. Mean transformed rhythmic-response time (RRT) variance for
on-task and mind-wandering reports, for each level of mind wandering (1 �
completely on task, 2 � mostly on task, 3 � both on the task and thinking
about unrelated concerns, 4 � mostly thinking about unrelated concerns, 5 �
completely thinking about unrelated concerns) when including data only from
participants who reported experiencing at least one instance of each level of
mind wandering. Bars represent one standard error.

Figure 2. Mean transformed movement for each level of mind wandering
(1 � completely on task, 2 � mostly on task, 3 � both on the task and
thinking about unrelated concerns, 4 � mostly thinking about unrelated
concerns, 5 � completely thinking about unrelated concerns) when im-
puting missing data. Bars represent one standard error.
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ment and RRT variance. Notably, the sign (direction) of this
nonsignificant correlation is the opposite of the nonsignificant
correlation observed in Study 1, suggesting that response variance
and fidgeting are at best only minimally related and, furthermore,
a very large sample size would be required to accurately determine
the magnitude of this relation.

Discussion

Our primary goal in Study 2 was to investigate the hypothesis
that mind wandering is associated with increased fidgeting primar-
ily during relatively deep states of mind wandering, whereas
increases in response variability are associated with all levels of
mind wandering. This prediction follows from the idea that,
whereas maintaining synchronous responding in the primary task
requires substantial executive resources, the secondary task of
minimizing bodily movement is largely automatic, requiring com-
paratively fewer executive resources. Thus, mild mind wandering
might be expected to interfere with the primary task but not the
secondary task, whereas deep mind wandering would be expected
to have a substantial impact on both tasks. The results were clear,
in that fidgeting was significantly elevated only at the deepest level
of self-reported mind wandering, whereas response variability
increased steadily with depth of mind wandering. Implications of
this finding are taken up in the General Discussion section.

General Discussion

Our primary goal in the present work was to explore the relation
between episodes of self-reported mind wandering and the ability
to regulate bodily movements. We reasoned that most tasks in-
clude multiple distinct goals and requirements. In the present case,
at a general level, there was a primary-task goal of responding
synchronously with a metronome and a secondary-task goal of
sitting relatively still while completing the motor task. Consistent

with the hypothesis that mind wandering is associated with disen-
gagement of executive resources that are required not only for
primary-task goals but also secondary-task goals, the results of
Study 1 demonstrated that episodes of mind wandering were
associated with poorer performance on both the primary task of
responding to the metronome tones and on the secondary task of
sitting relatively still (i.e., increased response variability and fidg-
eting, respectively). In Study 2, we expanded on these findings and
observed that increased response variability in the primary task
was associated with all levels of reported mind wandering,
whereas increased fidgeting was only associated with the deepest
level of mind wandering. Taken together, the results reported here
have important theoretical ramifications for the two dominant
accounts of mind wandering: (a) McVay and Kane’s (2010)
executive-control-failures account and (b) Smallwood and School-
er’s (2006) attentional-resource account.

Both the executive-control-failures and attentional-resource ac-
counts of mind wandering clearly predict that as the executive
demands of the primary task increase, the probability that mind
wandering will be associated with costs in primary-task perfor-
mance also increases. Although the present work is consistent with
this position, equally important is the notion that mind wandering
itself can be associated with varying degrees of disengagement of
task-related executive-control resources. Thus, both the resource
requirements of a task and depth of mind wandering can be viewed
as equally important determinants of the consequences of mind
wandering on overt behavior. Therefore, given that (a) the primary
task of responding synchronously with the metronome likely re-
quires large amounts of executive-control resources, and (b) the
secondary task of sitting still requires relatively fewer executive
resources, mild states of mind wandering will be associated with
decrements in MRT performance but not one’s ability to sit still.
This is because, during mild states of mind wandering, there
should be sufficient executive resources directed toward the main-
tenance of the notably much more well-practiced (and therefore
less resource-demanding) secondary task of sitting still. At the
same time, one would have insufficient resources directed toward
maintenance of the more demanding primary task of responding to
the tones, and primary task performance would suffer to some
extent. During episodes of deep mind wandering, when relatively
few resources are directed toward one’s task-related goals, even
the normally undemanding secondary task of sitting still should be
affected by the relative absence of task-directed resources.

Although the results of the present studies are consistent with
our hypotheses, it is important to note that because the studies were
correlational in nature, strong assertions about causality should be
made with caution. For example, rather than or in addition to
proposing that the disengagement of executive resources accom-
panying mind wandering leads to increases in fidgeting, one could
argue that increases in fidgeting might draw one’s attention away
from the task, thereby exacerbating mind wandering. Another
possible interpretation of our results is that fidgeting, rather than
being produced by the disengagement of requisite resources, might
instead be a product of where one’s mind wanders. Under this
view, fidgeting might manifest when one imagines oneself engag-
ing in some behavior other than the primary task. In this case,
fidgeting would not result from the disengagement of resources
that accompanies mind wandering but would instead be a form of
embodiment of the imagined behavior or task. At this point,

Figure 4. Mean transformed rhythmic-response time (RRT) variance for
each level of mind wandering (1 � completely on task, 2 � mostly on task,
3 � both on the task and thinking about unrelated concerns, 4 � mostly
thinking about unrelated concerns, 5 � completely thinking about unre-
lated concerns) when imputing missing data. Bars represent one standard
error.
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however, it is not possible to determine whether there is any direct
link between the phenomenology of mind wandering and fidgeting
or whether they are independent but purely contingently correlated
effects of task disengagement. Given the different alternative ex-
planations of our findings, it will be important for future research-
ers to adjudicate between them.

Beyond having important theoretical implications for mind wan-
dering, the results of the present studies are also of methodological
importance, suggesting sensitivity advantages with continuous
measures of mind wandering. Indeed, a considerable number of
studies investigating mind wandering assess this phenomenon us-
ing dichotomous reports. Although this practice has its benefits
(i.e., it increases reliability by yielding more data per cell), the
results of Study 2 clearly indicate that use of continuous scales of
mind wandering might allow researchers to identify subtle but
important differences in behaviors associated with different depths
of mind wandering. Moreover, one might make the case that the
most severe states of mind wandering are those of greatest interest
to researchers investigating mind wandering and its consequences,
given the potentially severe consequences that might be associated
with these deep states of mind wandering. Thus, using a continu-
ous scale that allows one to differentiate between modest and
severe mind wandering might be of considerable importance from
a methodological standpoint.

It is important to note that although the measure of response
variance obtained from the MRT has proven to be a valid measure
of mind wandering and is therefore of utility to researchers inter-
ested in examining mind wandering, this measure may be limited
to tasks that involve the suppression of response variability. The
results of the present work, however, suggest that in any tasks for
which sitting still facilitates completion of the primary task, fidg-
eting will increase during periods of deep mind wandering relative
to on-task performance. Given that almost all laboratory tasks have
the requirement of sitting relatively still and, further, that many
everyday tasks also require that we sit still, fidgeting as an index
of deep levels of mind wandering shows promise not only in
virtually all laboratory tasks but also in a considerable number of
everyday tasks. Indeed, this measure could be unobtrusively ob-
tained and used to index deep levels of mind wandering in various
settings.

It is worth acknowledging that in many situations, mind wan-
dering will also be associated with increased behavioral stability,
marked, for instance, by a blank stare. Consistent with this obser-
vation is the common general assumption that mind wandering is
associated with the shutting down or deactivation of one’s system.
In the present work, however, we observed more rather than less
behavioral variability (i.e., fidgeting and response variability) dur-
ing mind wandering, making these findings perhaps counterintui-
tive. One might imagine, however, that if an objective task requires
one to sit still (e.g., listening to a lecture), episodes of mind
wandering may result in increased fidgeting behavior (as observed
here), whereas if an objective task involves continuously moving
about in a variable fashion, movement might decrease during
episodes of mind wandering. This suggests that mind wandering
might result in behavior that is antithetical to one’s external goals
and that it may even be associated with a form of behavioral
regression to the mean such that, when mind wandering occurs,
behaviors that are oppositional to the task requirements are en-
gaged. For example, if one is driving, it is common practice to

move one’s eyes and head frequently; that is, one must constantly
observe the road ahead, as well as survey for relevant signs,
pedestrians, and so on. A common informal observation, however,
is that people tend to decrease these driving-related movements
during mind wandering and enter a state of stillness in which they
are seemingly entranced, displaying a blank stare and a lack of eye
movements. In a similar vein, behavior that is guided by variability
in one’s environment, such as fluctuations in eye movements in
line with lexical variables during reading (such as word familiar-
ity), tends to diminish during episodes of mind wandering
(Foulsham, Farley, & Kingstone, 2013; Reichle, Reineberg, &
Schooler, 2010).

The relation between mind wandering and one’s ability to
regulate bodily movements clearly indicates that mind wandering
affects the broader range of behaviors that are outside of the
nominal goals associated with a primary task. This is well ac-
counted for by the dominant accounts mind wandering and indeed
is predicted by both McVay and Kane’s (2010) and Smallwood
and Schooler’s (2006) accounts. Moreover, only during particu-
larly deep instances of off-task thought are the effects of mind
wandering on secondary task performance exposed. Although, to
date, the vast majority of empirical work on mind wandering has
focused on manipulating the objective demands of the primary task
and observing the consequences of mind wandering, the present
findings suggest that an equally important goal of future work will
be to assess how the varying levels of executive-resource disen-
gagement that are associated with mind wandering impact one’s
performance on the primary task. In particular, it seems apparent
that the attentional requirements of the primary task and the extent
to which resources are disengaged during off-task ruminations
may interact to determine the presence and severity of mind
wandering-related performance deficits. Moreover, the particular
manifestations of behavioral changes during mind wandering will
provide an important avenue for future research, such as delineat-
ing the types of primary-task contexts that interact with mind
wandering to produce behavioral speeding or slowing and vari-
ability or stability. The present work also provides some initial
empirical tools with which researchers can begin to probe these
interesting and important new issues in human cognition.
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