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Abstract The last decade has seen a dramatic rise in the num-
ber of studies that utilize the probe-caught method of
collecting mind-wandering reports. This method involves
stopping participants during a task, presenting them with a
thought probe, and asking them to choose the appropriate
report option to describe their thought-state. In this experiment
we manipulated the framing of this probe, and demonstrated a
substantial difference in mind-wandering reports as a function
of whether the probe was presented in a mind-wandering
frame compared with an on-task frame. This framing effect
has implications both for interpretations of existing data and
for methodological choices made by researchers who use the
probe-caught mind-wandering paradigm.

Keywords Mind-wandering - Task-unrelated thoughts -
Framing - Response bias

Mind-wandering is said to occur when instead of paying at-
tention to the task at hand, one engages in task-unrelated
thoughts (Smallwood & Schooler, 2006). Research on mind-
wandering has exploded in the past decade: comparing 1996~
2005 with 20062015, according to Google Scholar there
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were four and 377 articles, respectively, with the term
“mind-wandering” in the title in each 10-year period (see
also Callard, Smallwood, Golchert, & Margulies, 2013).
Along with this exponential growth in output, a methodolog-
ical fragmentation has occurred: there is no consensus as to
how mind-wandering is measured. The present experiment,
which focuses on the probe-caught method of measuring
mind-wandering, demonstrates that this inconsistency could
be problematic to the field.

The probe-caught method of collecting mind-wandering
data involves asking participants to report their thought-state
at various points throughout a task. Any study that uses this
methodology can be identified by the use of “probes,” i.e.,
questions about the participants’ thought-state, which inter-
rupt a task and provide the participants with a number of
options to describe what they are currently attending to. A
recent review by the first author (Weinstein, in press) revealed
that amongst 145 studies that used the probe-caught method in
the last decade, there were at least 69 different probe- and
response-option variants. In that review, the variants were
classified into four main categories: dichotomous, where one
thought-state (e.g., “mind-wandering”) was presented and
participants indicated whether it applied to them in the current
moment by answering yes or no (e.g., Risko, Anderson,
Sarwal, Engelhardt, & Kingstone, 2012); dichotomous, where
participants chose between two contrasting thought-states
(usually on-task vs. mind-wandering, e.g., Forster & Lavie,
2009); categorical, where multiple thought-states were pre-
sented (e.g., “The lecture,” “The time/The computer,” or
“Something else”; Risko, Buchanan, Medimorec, &
Kingstone, 2013); and scale, where participants indicated their
thought-state along a continuum (e.g., a 6-point Likert scale
from on-task to off-task; Morrison, Goolsarran, Rogers, &
Jha, 2013). Of most interest to the current experiment, a con-
trasting pattern emerged between the dichotomous yes/no
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studies and the dichotomous (two thought-state) studies: in the
first case, almost all (29/31) studies asked participants to in-
dicate whether they were mind-wandering (as opposed to
whether they were on-task); whereas in the second case, all
(25/25) studies asked participants whether they were on-task
or mind-wandering, in that specific order (that is, on-task al-
ways came first).

In the current experiment, we ask: does it matter how the
mind-wandering probe is framed? According to the research
by Tversky and Kahneman (1981) on framing effects, it could.
That is, we might expect participants to report more mind-
wandering when they are asked whether they are mind-
wandering than when they are asked whether they are on-task.
There is already some indication that demand characteristics
could be at play in mind-wandering paradigms: when Vinski
and Watters (2012) exposed a group of participants to an hon-
esty prime, these participants reported mind-wandering less
frequently than control participants. This finding led the au-
thors to suggest that perhaps baseline rates of mind-wandering
reflect artificial inflation due to demand characteristics.
Another source of inflation could be present in the studies that
ask participants whether they are mind-wandering, as com-
pared with those that ask participants to choose between on-
task and mind-wandering thought-states. In the current exper-
iment, we asked participants whether they were mind-
wandering or, conversely, whether they were on-task ten times
during the course of a 20-min reading task. To preface the
findings, we found a striking difference between conditions
in terms of the rates of reported mind-wandering.

Method
Participants

We recruited participants from the undergraduate participant
pool at the University of Massachusetts Lowell. Participants
were 110 undergraduates, and included 24 females (22%);
average age was 19.4 years (SD = 2.0). We recruited students
from a variety of schools across campus, including 32 partic-
ipants (29%) from the Business school; 29 participants (26%)
from the College of Fine Arts, Humanities, and Social
Sciences; 17 participants (16%) from the Sciences; 15 partic-
ipants (14%) from the Engineering School; and five partici-
pants (5%) from Health Sciences. Eighteen participants (16%
of the sample) were not native English speakers, and had
spoken English for an average of 9.7 years (SD = 5.7 years).

Participants received credit towards their General
Psychology course for participation. The procedure lasted 1
h. Participants were tested in groups of 11-18 students in a
classroom, with four sessions in the mind-wandering condi-
tion and four sessions in the on-task condition, so the version
of the experiment participants received depended on which

session they signed up for. Participants were not aware of
the two different conditions when they signed up for the ex-
periment. Due to random fluctuations in participant sign-ups
and attendance, we ended up recruiting 60 participants in the
mind-wandering condition and 50 participants in the on-task
condition.

Design

We used a between-subjects design with one independent var-
iable: probe framing (mind-wandering/on-task). The proce-
dure was identical for the two conditions, with the exception
of the probe- and response-option text.

Materials

For the reading task, we adapted a transcript of a TED talk on
ecology given by theoretical physicist Geoffrey West, found at
www.ted.com. We edited the transcript to be more readable by
including screenshots of the figures the text referred to, which
we took from the video of the talk, at www.youtube.com.

We constructed a test that consisted of 20 questions, which
could each be answered with a word or short phrase (see
Appendix A). Test questions were in the cued recall format
(no answer options were given). Based on pilot data, we ex-
pected a mean accuracy of 50% on the test.

Participants used Turning Technology clickers to report
mind-wandering during the reading task. We adapted the
java-based API to present a Powerpoint slide at a variable
interval and accept buttons 1 or 2 on the clicker as responses.
The java program allowed the experimenter to set the follow-
ing parameters: task length, number of probes, minimum in-
terval between probes, and maximum interval between probes
(see Procedure section for the settings we used). The program
recorded each button press with a timestamp and the clicker
number. Probe responses were later matched to test data and
demographics by the clicker number and session date and
time.

For the probes, we created two Powerpoint slides that dif-
fered only in terms of wording (see Fig. 1a and b).

Procedure

The experiment consisted of a 1-min practice phase, a 20-min
reading phase, a 5-min retention interval, and a 10-min test.
When participants arrived at the classroom, they were asked to
take a seat at a desk with a packet and a clicker. When either
all participants had arrived or it was 5 min past the session start
time, the experimenter locked the classroom door and no fur-
ther participants were admitted. Participants were asked to
silence their phones and put them away. The experimenter
then gave the following instructions:
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a

At the time of the ding my mind was on
something other than the text.

Button 1: Yes, I was thinking about
something else.

Button 2: No, I was thinking about the text.

b

At the time of the ding my mind was on
the text.

Button 1: Yes, I was thinking about the text.

Button 2: No, I was thinking about
something else.

Fig. 1 a Probe and response options in the mind-wandering framing
condition. b Probe and response options in the bias framing condition

“In this experiment, you will be reading a transcript of a
lecture on ecology, and then you will be quizzed on it. It
is 12 pages long. You will have 20 minutes to read it at
your own pace. If you finish reading and the 20 minutes
is not over, please start again at the beginning.”

Participants were asked not to write on the transcript. The
experimenter then gave a description of mind-wandering,
without mentioning the term itself (the same exact description
was given in the two framing conditions):

“At any one point during reading, your attention may be
focused on the text, or on something else. For example,
you might be thinking about shopping, about interacting
with your loved ones, or even about how bored you

2

are.

Participants were then told that they each had a clicker
(which was on the desk in front of them), and that while they
were reading, they would hear a ding, at which point a ques-
tion would pop up on the screen. Participants were shown an
example of the probe on the screen at the front of the class.
The probe was identical to those that participants would re-
ceive throughout the procedure, and differed by framing con-
dition (mind-wandering/on-task; see Fig. la and b). The ex-
perimenter read out the text of the probe. Participants were
asked to use only buttons 1 and 2 corresponding to the two
possible response options to respond, and were given a
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practice phase to familiarize themselves with the clickers.
For the practice phase, participants were told that they would
hear a ding, at which point a probe would appear on the screen
that they should answer using button 1 or 2. The practice
phase lasted 60 s and included three probes at 20-s intervals.
Participants were asked to practice responding to the probes;
there was no additional task for participants to engage in dur-
ing the practice.

After the practice phase, participants were asked to turn to
the packet and start reading. The experimenter deployed the
program with the following parameters: 20-min task, ten
probes, minimum probe interval 75 s, and maximum probe
interval 135 s. The program then randomized the exact tim-
ings of each probe based on these parameters, with a different
set of randomized probe times for each session. All groups
received a probe approximately every 2 min during the read-
ing task, for a total of ten probes across 20 min.

After the 20-min reading time had elapsed, the experiment-
er announced that the reading phase was over, and collected
the transcripts and clickers. At this point, participants were
asked to turn to the next section of their packet and complete
a crossword puzzle (5-min distractor) before answering the
test questions. Participants had 10 min to complete the 20-
question test. After the test, participants completed a demo-
graphic questionnaire that also included questions about how
interesting they found the lecture transcript (5-point Likert
scale from “not at all interesting” to “very interesting”) and
how difficult they found reading the lecture transcript (5-point
Likert scale from “not at all difficult” to “very difficult”).

Results
Data scoring and cleaning

Participants’ mind-wandering probe response data were
matched to their test and demographic data by an Excel macro
via clicker number and session date and time. Tests were
hand-scored using a rubric created by the authors, with each
question scored out of 3 points. The rubric allowed for 1, 2, or
3 points to be assigned to each answer, and is presented in
Appendix B. Thus, total scores on the test could range from 0
to 60. Scores were converted to percentages for analyses.
Tests were scored either by the second author or a research
assistant. Forty-three of the tests were scored by both to de-
termine inter-rater reliability, which was computed on overall
test scores and found to be very high (» = .97, p < .001).

For the probe responses, in cases where more than one
button press was recorded in response to a probe, only the first
response was counted in the analyses; we removed 70 dupli-
cate button presses out of 939 data points (7.5%). Eighteen
participants (six in the on-task condition and 12 in the mind-
wandering condition; 16% of the sample) responded to fewer
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than half of the probes, and they were eliminated from the
analyses. After removing these participants, we ended up with
44 participants in the on-task framing condition and 48 partic-
ipants in the mind-wandering framing condition. As a sensi-
tivity test we also performed the reported analyses without
excluding any participants’ data; this did not consequentially
affect any of the results reported below.

Probe responses

Button clicks were coded as mind-wandering or on-task
with mappings that differed by condition: in the mind-
wandering condition, button 1 represented mind-wandering
and button 2 represented on-task, whereas in the on-task
condition, the reverse was true. Figure 2 presents the split
of responses amongst three possibilities in the two condi-
tions: mind-wandering, on-task, or skipped probe. For the
analyses, we compared the response rate (all responses re-
gardless of whether they were on-task or mind-wandering,
which can be seen in Fig. 2 by summing the grey and
white portions of each bar); and the mind-wandering rate
(grey portions of Fig. 2).

Table 1 presents means and standard deviations in each
framing condition for the test scores, and self-reported mind-
wandering, interest, and difficulty. Mind-wandering reports
differed significantly between conditions: Participants report-
ed mind-wandering on 3.40 of the ten probes in the mind-
wandering condition, but on only 2.30 of the ten probes in
the on-task condition; #90) = 2.51, p = .01, d = 0.52 [0.11,
0.94]. As an additional check, the same analysis was also
performed on the proportion of answered probes, rather than
proportion of all probes; participants reported significantly
more mind-wandering as a proportion of answered probes in
the mind-wandering condition (37% vs. 26% in the on-task
condition); #(90) = 2.18, p = .03, d = 0.45 [0.04, 0.87]. Other
than the self-reported rates of mind-wandering, there were no
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Fig. 2 Mind-wandering and on-task probe responses in the mind-
wandering and on-task framing conditions

Table 1 Means and standard deviations per condition for test scores,
self-reported interest, and self-reported task difficulty
Mean (SD) T P
Mind-wandering
MW framing 3.40 (2.28) 2.507 0.014
On-task framing 2.25(2.09)
Test score
MW framing 17.65 (9.18) —0.042 0.967
On-task framing 17.73 (9.60)
Interest
MW framing 2.50 (1.32) —0.084 0.933
On-task framing 2.52 (1.27)
Difficulty
MW framing 271 (1.17) -0.366 0.715
On-task framing 2.80 (1.11)

MW mind-wandering

differences between the framing conditions on any of the other
variables: test scores, self-reported interest, or self-reported
difficulty. In addition, the response rate did not differ signifi-
cantly between conditions, with an average response rate of
90% (after removal of the 18 participants who responded to
fewer than half of the probes); #90) = 1.07, p = .29, d = 0.22
[-0.19, 0.63].

Correlates of mind-wandering

Table 2 presents correlations between self-reported mind-wan-
dering and other variables of interest by framing condition.
Note that when a correlation is significant in one group but
not another, this does not mean that the two correlations differ
significantly from each other. We tested whether the correla-
tion coefficients differed between conditions with the Fisher r-
to-z transformation, which showed that none of the differences
were significant. Other than the relationship between age and
self-reported interest (which was not a significant correlation
in either framing condition), all correlations were in the same
direction in both framing conditions.

Discussion

The methods used to collect probe-caught mind-wandering
data over the past decade have been extremely heterogeneous,
and these differences could be an unexamined source of the
variability in levels of reported mind-wandering between stud-
ies. One source of variation in methodology that is evident
when comparing these studies is the framing of the probe
and response options. In the current experiment, we manipu-
lated probe framing by asking participants whether they were
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Table2  Correlations between self-reported mind-wandering and other
variables of interest for the Mind-Wandering (MW; n = 48) and On-Task
(n = 44) conditions, and Fisher r-to-z transformation to test difference
between correlations

Age Test Score  Interest Difficulty

Mind-wandering rate

MW framing -15 —31%* —.24 A3k

On-task framing — —35% -.26 -31* .09

Difference z=099 z=-025 z=035 z=1.71
Age

MW framing .00 12 -.07

On-task framing .07 —-.04 .09

Difference z=-0.32 z=0.74 2z=-0.74
Test score

MW framing ST —40%*

On-task framing .38* =25

Difference z=0.75 z=-0.78
Interest

MW framing —43%*

On-task framing -18

Difference z=-129

* significant at the alpha = 0.05 level
** significant at the alpha = 0.01 level

mind-wandering or whether they were on task while engaged
in a reading task. Asking participants whether they were on
task substantially reduced mind-wandering reports compared
to the mind-wandering framing, which has been used in 29 of
the 31 published studies that asked participants to answer
dichotomous yes/no questions about their thought state
(Weinstein, in press). Our results suggest that rates of self-
reported mind-wandering are prone to fluctuation due to sub-
tle methodological factors. In a previous study that led to a
similar conclusion, increasing the rate at which probes were
presented during a task decreased mind-wandering reports
without affecting an objective measure of mind-wandering
(Seli, Carrier, Levene, & Smilek, 2013). Zedelius,
Broadway, and Schooler (2015) also showed that participants
were able to improve the accuracy of their thought-state re-
ports when incentivized to do so.

Why did this difference in framing lead to different self-
reported mind-wandering rates in the current experiment?
There are two broad possibilities: one is that the framing af-
fected true rates of mind-wandering, and the other is that the
framing artificially affected participants’ answers through a
response bias. We first explore the possibility that framing
had an impact on actual mind-wandering, which we find to
be the less compelling explanation. This explanation assumes
that the wording of the probe frame shifts participants’ internal
experience of the task. How might this occur? One possibility
is that the probe framing sets expectations for how participants
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ought to experience the task." That is, perhaps being repeat-
edly probed about whether they were paying attention to the
task (in the on-task condition) encouraged participants to ac-
tually do so. Meanwhile, in the mind-wandering framing con-
dition, participants may have been reassured that experiencing
bouts of inattention from the task was normal, and thus they
may have made less of an effort to control their thoughts and
return them back to the reading.

What evidence do we have that actual rates of mind-
wandering differed between the two framing conditions? We
would argue that this evidence is lacking. Given the relation-
ship between mind-wandering and test performance, a real
increase in mind-wandering should have been accompanied
by a decrease in test scores in the mind-wandering framing
group, and we found no such evidence. In addition, the lack of
difference in number of missed probes between probe-framing
conditions, which could be seen as an index of deep mind-
wandering, suggests that true mind-wandering rates were sim-
ilar in the two conditions, and only the self-reports were af-
fected by the framing manipulation. As such, there appears to
be no evidence in favor of the hypothesis that the actual rates
of mind-wandering differed. Future research could use a vig-
ilance task that includes objective on-line task performance
data to help confirm or disprove this hypothesis.

The second, and in our opinion more likely, explanation of
the current results is that probe framing affected participants’
responses without affecting true rates of mind-wandering.
Satisficing — the tendency to avoid cognitive effort on a survey
question in favor of selecting the optimal answer (Krosnick,
1991) — provides a simple explanatory mechanism for this
effect. Here, satisficing could be occurring either because par-
ticipants judged the first response option to be a good enough
description of their thought state, or because they were agree-
ing with the statement as it was presented (i.e., acquiescing).
Since the first option in both cases also indicated a “yes”
response, it is not possible to distinguish between the two
forms of satisficing in the current design. In either case, the
difference in framing of the probe would be expected to push
guesses or low-confidence responses (see Seli, Jonker,
Cheyne, Cortes, & Smilek, 2015) into the response option
favored by the framing of each condition, thereby increasing
mind-wandering responses in the mind-wandering condition.
This explanation predicts no difference in test performance
between probe-framing conditions, which is what we found
in the current study.

Which framing better reflects theoretically expected or de-
sirable qualities? In the mind-wandering condition there was a
significant correlation between difficulty and mind-wandering
rates, while this correlation was much smaller and not signif-
icant in the on-task condition. The correlation is consistent
with studies showing an increase in mind-wandering during

! We thank an anonymous reviewer for this suggestion.
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reading of more difficult texts (Feng, D’Mello, & Graesser,
2013). The fact that we found the correlation in the mind-
wandering condition but not in the on-task condition suggests
that the former may more accurately represent mind-
wandering rates,” or at least has theoretically more desirable
properties. However, since the difference between these two
correlations was not statistically significant, strong conclu-
sions cannot be drawn on this basis. It is also possible that
other correlates of mind-wandering, including situational fac-
tors and individual differences, may not necessarily correlate
with on-task thought — and vice-versa.

Which probe framing should researchers use? The sim-
plest, most parsimonious solution is that the framing of the
probe should match the construct of interest. That is, if you are
interested in measuring self-reported mind-wandering, then
ask participants whether they are mind-wandering; and if
you are interested in self-reported task attentiveness, then
ask participants whether they are on task. An important reason
to do this is that it avoids making the assumption that mind-
wandering and on-task states lie on opposite ends of a contin-
uum — an assumption often made (but rarely defended) in the
mind-wandering literature. To address this assumption, we
recently began an investigation to determine whether a “flow”
state might better characterize the opposite of mind-wandering
than does an “on-task” state (Weinstein & Wilford, 2016). The
results we present in the current experiment suggest that the
relationship between mind-wandering and on-task states is not
a zero-sum game, and it is not necessarily possible to easily
infer one from the other. Further research should address the
factors that might play into the choice of primary construct
(i.e., mind-wandering or on-task thought), or whether there is
a benefit to using mixed designs in which both constructs are
measured.

Our results have important implications both for conclu-
sions drawn from existing research and for future research.
Researchers and science journalists alike need to be careful
when reporting mind-wandering rates from individual papers
(e.g., “people reported mind wandering about half the time”
[Bloom, 2016] in an article for The Atlantic describing the
experience sampling study by Killingsworth & Gilbert,
2010). Even when tasks are similar, seemingly subtle differ-
ences in the probe and response option wordings could be
affecting self-reported mind-wandering rates. An important
point to note is that while we only included two response
options at each probe, many past studies have used much
longer lists of options (e.g., Frank, Nara, Zavagnin, Touron,
& Kane (2015) included eight response options and Ottaviani
et al. (2015) included nine response options at each probe).
The potential for response bias may increase as the number of
response options increases, due to the increasing difficulty of
making such judgments (Krosnick, 2009). Researchers

2 We thank reviewer James Farley for this suggestion.

planning experiments that utilize probe-caught mind-wander-
ing methods should carefully consider the framing of the
probe they choose to use, referring to Weinstein (in press)
for an exhaustive list of mind-wandering probe variants cur-
rently in the literature.
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