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Abstract

Age-related differences in mind wandering are robust, with older adults reporting less mind
wandering compared to younger adults. While several theories have been put forth to explain this
difference, one view has received less attention than others. Specifically, age-related differences in
mind wandering might occur because older adults are reluctant to report on their mind wandering.
The aim of the current study was to explicitly test this hypothesis. Older and younger adults
completed a go/no-go task with intermittent thought probes to assess mind wandering. In one
condition, participants were provided with standard instructions about how to respond to questions
about their thoughts. In a second condition, participants were provided with a positive framing of
mind wandering. Mind wandering was assessed both subjectively (i.e., via thought probes) and
objectively (i.e., using different behavioral measures from the go/no-go task). The results of the
study suggest that positively framing mind wandering did not impact rates of mind wandering

or objective indicators of mind wandering for older or younger adults. Older adults reported

less mind wandering, regardless of condition, compared to younger adults. Older adults also had
generally better performance on the go/no-go task compared to younger adults. Bayesian analyses
suggested that the main effect of framing condition, although not significant in Frequentist terms,
did provide moderate evidence of an overall effect on mind wandering rates. We interpret the
results as evidence against the reluctance hypothesis, consistent with previous work.

Introduction

Mind wandering is commonly defined as “a shift of attention away from a primary task
toward internal information” (Smallwood & Schooler, 2006, p. 946; but see Smallwood,
2013 for an updated definition). This shift of attention is often associated with reductions
in task performance suggesting that engaging in mind wandering comes with a cost (see
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Randall et al., 2014 for a review). Quite interestingly, in contrast to typical observations

of age-related cognitive decline (Salthouse, 2009) and contrary to prominent theoretical
accounts like the inhibitory deficit theory (Hasher & Zacks, 1988), there is clear and robust
evidence that older adults report /ess mind wandering compared to younger adults (see
Jordao et al., 2019).

Several factors appear to explain this surprising age-related reduction in mind wandering.
One factor is an age-related reduction in cognitive resources that, according to some
accounts, decreases older adults’ ability to engage in mind wandering while successfully
completing an ongoing task (e.g., Smallwood & Schooler, 2006). This cognitive resource
account has also been supported, and expanded, by recent work proposing a neurocognitive
perspective of age-related reductions in mind wandering (e.g., Martinon et al., 2019).

Older adults have been shown to have reduced functional connectivity in parts of the

brain frequently associated with spontaneous cognition and mind wandering, such as the
Default Mode Network (DMN). Further, these changes in connectivity were correlated with
performance in an Unusual Uses Task among older adults, but not younger adults. Thus,
reductions in mind wandering with age could be attributed to both reductions in resources
and structural changes in the brain.

Other factors include those that are dispositional, like levels of affect, conscientiousness,
motivation and interest, and trait mindfulness. In many cases, these factors can at least
partially, and in some cases fully, explain why older adults report less mind wandering (e.g.,
Fountain-Zaragoza et al., 2016; Fountain-Zaragoza et al., 2018; Frank et al., 2015; Jackson
& Balota, 2012; Nicosia & Balota, 2021; Seli et al., 2021). That is, older adults are typically
more motivated or have higher levels of conscientiousness/mindfulness corresponding with
fewer reported instances of mind wandering during ongoing tasks.

An alternative possibility, however, is that older adults might be reluctant to report their
mind wandering because it might reflect poorly on them, which we refer to as the reluctance
hypothesis (Einstein & McDaniel, 1997; Giambra, 1989; Zavagnin et al., 2014). Only a

few studies have examined this possibility, and the findings have challenged this hypothesis
(e.g., Frank et al., 2015; Giambra, 1973; McVay et al., 2013). In one study, Giambra

(1973) surveyed younger and older adults on their experience and views of mind wandering.
Surprisingly, older adults reported having a more positive view of mind wandering. Such a
view is inconsistent with the expectation that older adults might be more reluctant to report
mind wandering.

More recent work has provided behavioral data that also challenge the “reluctance”
hypothesis. McVay et al. (2013) examined age-related differences in mind wandering during
a go/no-go task (Study 1) and an r+-back task (Study 2). In both studies older adults reported
less mind wandering, on average, compared to younger adults, as is typical. However,
critically, when examining in-the-moment associations between performance and thought
reports, older and younger adults showed similar patterns. Both age groups had worse
accuracy before mind wandering reports (compared to on-task reports). Additionally, both
age groups showed pre-mind wandering speeding in the go/no-go task (a common way to
highlight the “mindless” responding associated with mind wandering). Furthermore, there
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was no difference in the amount of time the two age groups took to make their mind
wandering responses at each thought probe. Based on the striking similarities in these
behavioral indices for younger and older adults, McVay et al. concluded that older adults
are not unable (or reluctant) to report on their subjective experiences of mind wandering
(see also Frank et al., 2015 for converging support for this conclusion using eye-tracking
measures). The logic underlying this interpretation was as follows: If participants, and
specifically older adults, are reluctant to report mind wandering, then one would expect that
on some number of thought probes they would not report mind wandering, even though
they were in fact off-task. Such misreporting, if it occurred, should lead to weak linkages
between patterns of behavior before or after thought reports. Yet, McVay et al. found lower
accuracy and more speeding of reaction time before a mind wandering report than an on-task
report for both age groups (e.g., Bastian & Sackur, 2013; Kane et al., 2021; McVay & Kane,
2009).

While these previously described studies provide some evidence that older adults willingly
and accurately report on their mind wandering experiences, there are some methodological
and theoretical limitations. First, regarding methodological limitations, Giambra (1973)
relied on survey measures of mind wandering, while McVay et al. (2013) and Frank et al.
(2015) both relied on correlational analyses. Thus, it is hard to make strong claims about the
possible causal nature of older adults’ possible reluctance in reporting mind wandering as
a contributor to the robust age-related differences. A unique approach of the current study
is that we manipulated the instructions we provided participants about mind wandering. By
framing mind wandering positively, that is, as a natural and even desirable occurrence for
ongoing task performance, we aimed to mitigate any reluctance older adults might have to
report mind wandering.

Second, these previous studies also do not appear to separate reluctance from ability to
accurately report. That is, it is unclear if either reluctance or older adults’ possible inability
to accurately report on mind wandering (i.e., a lack of awareness of their on-going thoughts)
should lead to weaker, or different, behavioral patterns before reports of mind wandering vs.
on-task reports. A strength of our study design is that our manipulation does not conflate
reluctance and reporting ability. That is, we believe our manipulation shouldn’t have any
effect on older adults’ awareness of their mind wandering, so any observed effect should be
more closely related to reluctance, if in fact reluctance plays a role.

As Weinstein’s (2018) review highlighted, there are various ways in which mind wandering
questions and response options have been framed across the field. It is possible that framing
mind wandering differently (i.e., as a more positive process) might be a way to overcome
older adults’ reluctance, in which case reports of mind wandering may increase for older
adults and age-related differences might be reduced, or even eliminated. Recent empirical
work has examined how framing effects impact rates of mind wandering in younger adults
(e.g., Robison et al., 2019; Schubert et al., 2020; Weinstein et al., 2018). Most relevant to
the current study is an experiment reported by Robison et al. (2019 Experiment 3). Robison
et al. posited that participants might come into research studies with different ideas about
mind wandering being a bad (or good) thing to do, which might alter how they experience
or report these off-task states when asked. To test this, participants completed a sustained
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attention to response task (SART), which is a go/no-go task frequently used in studies

of mind wandering, with intermittent thought probes to assess mind wandering. Prior to
beginning the SART, participants were given one of three framing manipulations. In the
neutral condition, the instructions described that “... It is perfectly normal for your thoughts
to drift off-task every now and then. When you are asked to report your thoughts, please do
so honestly,” (p. 405). The positive condition instructions explained that “... It is perfectly
normal for your thoughts to drift off-task every now and then. Previous research has shown
that off-task thoughts can actually help people plan, problem solve, and be more creative.
(italics added). When you are asked to report your thoughts, please do so honestly,” (p.
405). Finally, the negative condition instructions stated “... It is perfectly normal for your
thoughts to drift off-task every now and then. However, previous research has shown that
off-task thoughts are bad for task performance. Do your best to resist all types of off-task
thoughts so you can maximize your performance. (italics added). But when you are asked to
do so, please try to honestly assess your thoughts.” (p. 405). The results of the experiment
indicated that this framing manipulation had no effect on overall rates of subjective mind
wandering reports or behavioral indicators of mind wandering (see below) for younger
adults.

A unique aspect of the SART is that one can also measure reaction time (RT) and accuracy
during the task as objective approaches to assessing mind wandering. Using both subjective
(i.e., mind wandering reports) and objective measures has allowed researchers to show
converging evidence that attentional lapses have occurred. Different objective indicators
have been proposed to reflect distinct forms of attentional lapses that are related to
subjective indicators of mind wandering (see Cheyne et al., 2009; Unsworth et al., 2021;
Welhaf & Kane, 2023). For example, increased trial-to-trial variability in RT is presumed

to reflect moment-to-moment inconsistencies and disengagement of attention. Commission
errors, or responding on a no-go trial, might reflect a more habitual, mindless, response style
whereby participants are not fully processing the stimulus and instead are just “going with
the flow” of the task (see Cheyne et al., 2009; Manly et al. 1999; Robertson et al., 1997;
Smallwood et al., 2004). Not only do older adults typically report less mind wandering,

but they also tend to show fewer instances of objective sustained attention failures (see
Vallesi et al., 2021 for a meta-analysis). Collectively, the combination of subjective and
objective measures indicates that older adults are more focused during sustained attention
tasks like the SART, which may imply that, contrary to the reluctance hypothesis, lower
mind wandering rates are not due to older adults’ hesitation to report that they were off task.
The current study is an opportunity to test the “reluctance” hypothesis more directly via an
experimental approach by manipulating the framing of mind wandering experiences in the
context of age-related differences in mind wandering.

Current study

The goal of the current study was to examine how the framing of mind wandering affects
age-related differences in mind wandering reports. To our knowledge, no studies have
directly examined the role that framing has on age-related differences in mind wandering,
but based on previous work (e.g., Einstein & McDaniel, 1997) one might expect that framing
mind wandering as a positive experience or something that occurs naturally could make
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older adults more open to reporting instances of mind wandering. We hypothesized that,

if reluctance is one possible driver of age-related differences in mind wandering, then

the positive framing manipulation might disproportionally increase mind wandering rates
in older adults compared to younger adults (i.e., a significant framing x age interaction;
Robison et al., 2019). Such a finding would be informative because it might suggest that
there is a mechanism beyond cognitive (e.g., Smallwood & Schooler, 2006) or dispositional
factors (such as motivation or conscientiousness, e.g., Nicosia & Balota, 2021) that is
responsible for the consistently reduced frequency of off-task thoughts reported by older
adults compared with younger adults. Alternatively, if reluctance is not a factor that
contributes to age-related differences in mind wandering, then one might not expect any
significant effects of an instruction framing manipulation to occur (i.e., null effects). Such
null effects would be informative still as they would provide confidence that older adults are
not withholding reports of mind wandering, but in fact do experience less mind wandering
compared to younger adults. We examined this effect of framing on age-related differences
in mind wandering during a SART task by assessing both subjective (i.e., thought reports)
and objective (i.e., RT variability or commission errors) indicators of mind wandering.

Transparency and openness

Participants

We report our sample size justification, data exclusion criteria, and all measures and
manipulations included in the study (Simmons et al., 2012). All data aggregation and
analyses were performed in R (R Core Team, 2020) using #/dyverse (Wickham et al.,
2019). All ANOVASs were conducted using the afex package (Singmann et al., 2015) Data
visualizations were created using ggp/ot2 (Wickham et al., 2016). This study was not
preregistered. Data and analysis files for this project are available on the Open Science
Framework (https://osf.io/knfvt/).

A total of 89 students from the undergraduate research pool at Washington University in St.
Louis and 67 older adults from the St. Louis Metropolitan area were recruited to participate
in this study. Our inclusion criteria for the study were as follows: Younger adults needed

to be between the ages of 18 and 25, indicate English as their first language, and currently
enrolled in a course at Washington University in St. Louis to receive their participation
credits. Older adults needed to be 60 years of age or older, have normal to corrected vision,
and indicate English as their first language. Older adult participants from our community
research pool tend to be highly educated and in generally good health (see Bugg, 2014;
Bugg et al., 2016 for details regarding demographic information for older adults collected
for other projects around this time).1 Younger adults received partial course credit for their
participation. Older adults were paid at a rate of $10/hour to complete the study. These
data were collected between November 2014 and June 2016. Participants were randomly
assigned to one of the two framing conditions (see below).

1\We were not able to access the demographic information that was collected for participants in this study and therefore specifics
regarding age and education levels cannot be provided.

Psychol Res. Author manuscript; available in PMC 2024 July 28.


https://osf.io/knfvt/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Welhaf and Bugg

Materials

Page 6

SART—AII participants completed a numeric SART where they were presented with a
single digit (ranging from 1 to 9) at the center of the computer screen. Participants were
instructed to respond to every digit (via pressing the spacebar) except for the digit 3. Digits
were presented briefly on screen for 200ms, and then immediately masked for 900ms.
Participants completed four practice sets of nine trials (two without thought probes, and
two with thought probes). The experimental block consisted of 216 trials in total, lasting
approximately five minutes.

We analyzed several objective mind wandering indicators commonly derived from the
SART including RT coefficient of variation (CoV), commission errors (i.e., pressing the
spacebar on a no-go trial), and omission errors (i.e., forgetting to press the spacebar on a
go trial). These measures are proposed to reflect different varieties or degrees of attentional
lapses during sustained attention tasks (Cheyne et al., 2009) and are modestly related to
mind wandering reports suggesting they might capture a similar underlying construct (e.g.,
Unsworth et al., 2021; Welhaf & Kane, 2023).

Mind wandering thought probes—During the SART, participants reported on their
ongoing thoughts when probes appeared. There were eight probes in total (occurring on
3.7% of all SART ftrials). At each probe, participants indicated whether their thoughts
were on-task or not by pressing the “Y”” or “N” key, respectively. Mind wandering rates
were calculated as the proportion of probes participants reported being off-task. Following
previous work (e.g., Jackson & Balota, 2012) thought probes were allowed to appear after
any trial type (go or no-go). Participants were encouraged to ask questions during the
instruction period to ensure understanding of the probes. If participants did not understand
what was considered “mind wandering” they were provided additional instructions prior to
the task.

The main experimental manipulation occurred during the instructions of the thought probes.
During these instructions, all participants were first given the following instructions:

Occasionally you will see a probe question. Indicate whether your mind was on
task at the time the probe question appeared. You should press the “yes” key if your
mind was on task. You should press the “no” key if your mind was not on task.

Next depending on the experimental condition, participants were instructed on the utility
of their mind wandering. In the “Standard Instruction” condition, participants saw the
following instructions:

For example, you might be thinking about shopping, interacting with a loved one,
or reflecting on your boredom....

In the “Positive Framing” condition participants saw a variation of the Standard Instruction:

For example, sometimes our mind refreshes itself to allow us to achieve our best
performance on tasks like this one. Our minds do this by drifting off or thinking
about other thoughts such as shopping, interacting with a loved one, or reflecting
on one’s boredom.
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Participants in the “Positive Framing” condition were then provided with data from a
made-up prior study with the following description:

Here are data from a prior study. Note that college students reported that their
minds were not on task far more frequently than older adults, and college students
also performed better on the numbers task.

Participants were shown a simple bar chart reflecting that younger adults engage in mind
wandering roughly 35% of the time whereas older adults engage near 10% of the time (see
Fig. 1). The inclusion of this figure was motivated in part by theorizing in another literature
that suggests providing data/empirical evidence helps establish new beliefs that motivate
changes in behavior (e.g., McDaniel & Einstein, 2020).

Analytic plan

Results

To analyze our data, we used 2 (Age Group: Young vs. Old) x 2 (Condition: Standard
Instruction vs. Positive Framing) ANOVAs. We report partial n2 as a measure of effect size
for all ANOVA factors. We also include Bayes Factors (BF) for all terms to provide evidence
for the alternative hypothesis (BF1g) to supplement traditional frequentist hypothesis testing.
BF provide a continuous measure of the relative strength of evidence of competing models
and can quantify if the data are more likely to be associated with the null over the alternative
hypothesis (Dienes, 2014; Rouder et al., 2009). BF were calculated using the default prior
settings of the BayesFactor package (Morey & Rouder, 2023). For ANOVA models, we
report the B F1g for the main effects (i.e., Age Group and Condition) which favors inclusions
of that term over an intercept only model. For interactions, we contrasted the full interaction
model with a model that only contains the additive main effects to provide evidence of
adding the interaction beyond the main effects. In the case of follow-up comparisons, we
used t-tests and report Cohen’s d (and 95% Confidence Intervals [CI]) and BF for those
comparisons.

We follow recommendations of previous research such that a B F1g < 0.01 provides
“extreme” evidence in favor of the null, a BF1o = 0.01-0.03 provides “very strong” evidence
in favor of the null, a BF1g = 0.03-0.10 provides “strong” evidence in favor of the null,

a BF1g = 0.10-0.33 provides “moderate” evidence in favor of the null, a B F1g = 0.33-1
provides “anecdotal” evidence in favor of the null, a BFyp = 1-3 provides “anecdotal”
evidence in favor of the alternative, a BF1 = 3-10 provides “moderate” evidence in favor
of the alternative, a B F1g = 10 — 30 provides “strong” evidence in favor of the alternative,

a BF19 = 30-100 provides “very strong” evidence in favor of the alternative, a BF1g > 100
provides “extreme” evidence in favor of the alternative (Jeffreys, 1961; Rouder et al., 2009;
Lee & Wagenmaker, 2013).

RT processing

Before calculating the RT CoV score for each participant, we processed the RT data to
remove outlying trials. First, we removed RT to incorrect trials and RTs that were < 200
ms as these reflect anticipatory responses in which the participant could not fully process
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the stimulus before responding. We next removed RTs following errors and probe trials to
account for post-error slowing and post-probe restart costs. Finally, for each participant, we
calculated their median RT and IQR of their remaining RTs. We set an outlier cutoff equal
to the median RT + 3*IQR, any values outside of that cutoff were replaced with the cutoff
value. This resulted in < 0.10% of RTs being affected in the full sample.

Does framing affect rates of mind wandering?

The ANOVA on mind wandering reports revealed a main effect of Age Group, A1, 153) =
33.90, partial n2 = 0.181, p< 0.001, BF1g > 100. There was a trend for the main effect of
Condition, A1, 153) = 3.79, partial 2 = 0.024, p = .053, BF o = 3.975 indicating moderate
evidence for the alternative hypothesis. Critically, the Age by Condition interaction was
not significant, A1, 153) = 0.43, partial 2 = 0.003, p = 0.511. For the comparison of an
interaction model to a main effect only model, B Fqo = 0.294 suggested moderate evidence
for the null hypothesis (e.g., exclusion of the interaction term). As seen in Fig. 2, older
adults (M= 0.11; SD=0.16) reported less mind wandering than younger adults (M= 0.33;
SD = 0.25) regardless of how mind wandering was framed, £150.70) = - 6.463, p < 0.001,
Cohen’s d[95% CI] = - 0.98 [-1.32, — 0.65], BF1g > 100.

Does framing affect objective indicators of mind wandering?

We next conducted several ANOVAS on objective indicators of mind wandering that are
commonly derived in the SART. For “Go” trial CoV, there was a significant main effect of
Age Group, A1, 153) = 4.07, partial 12 = 0.026, p = .045, BF1o = 1.093, suggesting only
anecdotal evidence for the alternative hypothesis. There was no main effect of Condition,
A1, 153) = 0.16, partial n2 = 0.001, p = .686, BF1o = 0.177 suggesting moderate evidence
for the null hypothesis. The interaction was also not significant, A1, 153) = 0.05, partial

12 < 0.001, p=.818. The comparison of an interaction model to a main effect only model
yielded a BF1 = 0.248, again suggesting little evidence favoring inclusion of the interaction
term. As seen in Fig. 3, older adults (M= 0.25; SD = 0.08) were slightly more variable in
performance compared to younger adults (M= 0.23; SD=0.07), £{136.97) = 1.98, p=.049,
Cohen’s d[95% CI] = 0.32 [0.00, 0.64], BF1o = 1.093.

For commission errors (i.e., no-go accuracy), there was again a significant main effect of
Age Group, A1, 153) = 8.47, partial 12 = 0.052, p = 0.004, BF ¢ = 9.719, indicating strong
evidence for the alternative hypothesis. There was no main effect of Condition, A1, 153)
=1.02, partial n2 = 0.007, p= 0.313, BF1q = 0.219, indicating moderate evidence for the
null. The interaction was not significant, A1, 153) = 0.11, partial 2 < 0.001, p = 0.746.

The comparison of an interaction model to a main effect only model yielded a BFqg = 0.264,
suggesting moderate evidence favoring the inclusion of the interaction term. As seen in Fig.
4, older adults were better at withholding responses to rare no-go trials (M =0.71; SD=
0.18) compared to younger adults (M= 0.62; SD=0.19), {145.57) = 2.99, p= 0.003,
Cohen’s d[95% CI] = 0.48 [0.16, 0.80], BF1g = 9.7109.

For omission errors (i.e., “Go” trial accuracy), there was again a significant main effect
of Age Group, A1, 153) = 5.24, partial n2 = 0.033, p=.023, BF o = 2.633, suggesting
anecdotal evidence for the alternative hypothesis. There was no main effect of Condition,
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A1, 153) = 1.23, partial n2 = 0.008, p=.269, BF1g = 0.269, suggesting moderate evidence
for the null hypothesis. The interaction was also not significant, A1, 153) = 0.78, partial

n2 = 0.005, p = .380. The comparison of an interaction model to a main effect only

model yielded a BF1g = 0.367, suggesting anecdotal evidence favoring the inclusion of the
interaction term. As seen in Fig. 5, older adults were less accurate (A =0.96; SD=0.18)
compared to younger adults (M= 0.98; SD = 0.19), {107.20) = - 2.31, p=.023, Cohen’s d
[95% CI] = - 0.39 [-0.71, - 0.07], BFyq = 2.633.2

Discussion

The current study tested the reluctance hypothesis by examining whether the framing of
mind wandering affects age-related differences in subjective and objective mind wandering
indicators in a sustained attention task. We found that providing a “positive” framing

for engaging in mind wandering did not alter the robust age-related reduction in mind
wandering either in terms of subjective reports or objective performance indicators. Older
adults, compared to younger adults, engaged in less mind wandering and were also better

at withholding responses to rare target trials, despite having slightly more variable RTs.
These findings are inconsistent with the reluctance hypothesis, which posits that older adults
might experience similar rates of mind wandering compared to younger adults, but because
they perceive mind wandering as something that would reflect poorly on them, they choose
not to report it as often. Instead, the findings replicate several studies suggesting that older
adults are better at maintaining attention from moment-to-moment and thus their minds
wander less (see Jorddo et al., 2019, Vallesi et al., 2021 for reviews). Such a pattern is
consistent with resource theories of mind wandering (Smallwood & Schooler, 2006) as well
as accounts that attribute the age-difference to differences in other dispositional factors (e.g.,
conscientiousness, mativation).

Several theories have been put forth to explain why older adults report less mind wandering
compared to younger adults. Cognitive process theories, such as the executive control view
(e.g., Smallwood & Schooler, 2006), argue that because mind wandering requires executive
resources, and older adults have fewer resources, they are not able to effectively perform
the ongoing task and engage in mind wandering. Others have argued that age-related
differences can be better accounted for by dispositional factors (e.g., Jackson & Balota,
2012; Nicosia & Balota, 2021). Specifically, older adults are typically more motivated to
perform tasks like the SART and tend to have higher levels of conscientiousness and overall
higher affect. These factors have been found to partially explain the age-related reduction

in mind wandering, and in some studies can fully account for these differences. The
findings from the current study are also important to consider in light of recently developed
neurocognitive perspectives on age-related reductions in mind wandering (e.g., Maillet et al.,
2019; Martinon et al., 2019). Specifically, this view suggests that age-related reductions in
mind wandering are due to structural changes in the brain (i.e., functional connectivity of
areas associated with DMN). From this perspective, then, motivational manipulations that

Zprevious work (e.g., McVay et al., 2013) examined age-related differences in behavioral indicators such as pre-mind wandering
speeding, variability, and accuracy. We intended to also look at these data, however, due to a very small number of observations with
usable trials in the preceding four trial window we could not look at these differences.
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aim to increase mind wandering in older adults (like the one used in the current study) might
have little effect on mind wandering rates.

As noted, the lack of an effect of the framing manipulation on age-related differences in
mind wandering does not support the reluctance hypothesis. More generally, the findings
suggest that it may be difficult to promote more mind wandering in older adults or younger
adults (see also Robison et al., 2019) through manipulations like this one. Studies that have
had large success in increasing rates of mind wandering typically use manipulations that
either increase attentional task demands (e.g., Randall et al., 2019; Seli et al., 2018) or
increase psychological stress or strain on participants (e.g., Banks & Boals, 2017; Jordano
& Touron, 2017a; Mrazek et al., 2011). The manipulation in the current study did not place
such a heavy psychological or attentional demand on participants which may have hindered
our ability to find any effects.

Limitations

The current study was not without limitations. One limitation is that our conclusions rely
on null effects of the framing manipulation. However, the Bayesian analysis for mind
wandering reports did indicate moderate evidence in favor of the alternative hypothesis
that the framing manipulation was effective in increasing mind wandering reports overall,
despite a just non-significant p-value (p=.053). This raises the possibility that the framing
manipulation is effective but requires larger sample sizes to detect an effect. Two caveats
merit mention though. One is that this was not the case for the objective mind wandering
indicators, which raises the possibility that subjective reports of mind wandering might

be more influenced by framing manipulations compared to objective attention lapses. The
second is that there was no evidence (either from a Frequentist or Bayesian framework) in
support of an interaction between age and framing condition. With respect to the reluctance
hypothesis, the key evidence that would have supported this hypothesis is precisely such
an interaction. Thus, it does not appear that even with a larger sample size, the hypothesis
would have been supported.

Another possible explanation for the null findings of the positive framing manipulation

is worth mentioning. We included Fig. 1 during the thought probe instructions to show

the typical age-related difference in mind wandering. It is possible that in doing so we
minimized any effect of framing because, based on viewing the figure, older adults in the
framing condition might have inferred that the expected frequency of mind wandering in
older adults is low (i.e., about 10%). That is, older adults may have reported less mind
wandering because they felt like they were off-task more often than a “typical” older adult.
We did not include a manipulation check to inform us about how participants felt about mind
wandering and whether they view it as good or bad, depending on the condition they were
in. Previous correlational and experimental research has found that participants do have lay
beliefs about mind wandering and that these can be shifted under certain conditions (e.g.,
Zedelius et al., 2021). However, older adults might have strong(er) lay beliefs about (not)
engaging in mind wandering. If so, then we might not expect them to release such views in
the face of instructions that suggest they do otherwise.
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A third limitation of the current study is that we did not include a probe option for
task-related interference (TRI) or evaluative thoughts about ones’ performance during the
ongoing task (e.g., “I’m doing really well!””). TRI are often included in studies examining
age-related differences in mind wandering (see Jorddo et al., 2019 for a review) and are
considered by some to be a form of mind wandering (e.g., Jordano & Touron, 2017b).
Recent work in younger adults has found that when a TRI response option is included, rates
of on-task reports are reduced compared to when a TRI option is not included (Kane et

al., 2021; Robison et al., 2019). Thus, participants might conflate on-task and TRI reports
which might result in some reporting bias, but there seems to be little effect on rates of mind
wandering.

A final limitation of the current study pertains to a lingering theoretical and definitional
issue in mind wandering research (see e.g., Christoff et al., 2016, Christoff et al., 2018; Seli
et al., 2018a, b for lively debates on this issue). As research in mind wandering has surged
in the last two decades, definitions and views of mind wandering have also evolved. Mind
wandering is a heterogenous construct, and definitions vary from study to study, but also
typically contain overlapping features (e.g., Seli et al., 2018a). Thus, our findings might
differ if mind wandering was defined as a different form of thought. For example, recent
work has viewed mind wandering as a more dynamic, freely flowing, and unconstrained
process (e.g., Brosowsky et al., 2021; Christoff et al., 2016; Kam et al., 2021; Mills et

al., 2018; O’Neill et al., 2021; Smith et al., 2021) or a form of task-switching (Wong et
al., 2022; Wong, Pat et al., 2023; Wong, Willoughby et al., 2023). Future research should
account for different definitional views of off-task thought and examine if different forms
of mind wandering, and/or potentially age-differences, can be pushed around with framing
manipulations like the one used in the current study.

Implications and future directions

Experimental studies of mind wandering often focus on how to reduce mind wandering in
participants to improve performance. However, there may be times whereby increasing the
opportunity to mind wander might also be important. For example, priming thoughts that
elicit emotional satisfaction or are highly meaningful might minimize performance costs and
be personally important to both older and younger adults (see Jordao, Pinho, et al., 2019).
Future research should not only consider how to reduce mind wandering from occurring
(especially when the consequences are high) but how to also increase mind wandering when
it is suitable to do so.

Conclusions

Mind wandering is an everyday phenomenon that occupies much of our daily thoughts.
Older adults consistently report fewer instances of mind wandering both in laboratory
settings and in daily life. The current study employed an experimental approach to test the
“reluctance” hypothesis to explain why older adults report less mind wandering compared
to younger adults. If older adults are simply reluctant to report mind wandering, then
framing mind wandering in a more positive light should /ncrease reports of mind wandering
and thereby reduce age-differences, providing support for the hypothesis. Contrary to this
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prediction, our framing manipulation did not increase subjective reports of mind wandering
in older adults or younger adults, and the manipulation did not affect objective indicators

of mind wandering. Overall, it appears that it may be difficult to eliminate, or even reduce,
robust effects of age-related differences in mind wandering, which aligns with theoretical
accounts that attribute these differences to resource limitations or dispositional factors rather
than older adults’ reluctance or unwillingness to report instances of mind wandering.

Funding

MSW was supported by a National Institute on Aging T32 Training Grant (AG000030-47).

Data availability

This study was not preregistered. Data and analysis files for this project are available on the
Open Science Framework (https://osf.io/knfvt/).

References

Allen M, Poggiali D, Whitaker K, Marshall TR, & Kievit RA (2019). Raincloud plots:

a multi-platform tool for robust data visualization. Wellcome Open Research, 4. 10.12688/
wellcomeopenres.15191.2.
Banks JB, & Boals A (2017). Understanding the role of mind wandering in stress-
related working memory impairments. Cognition and Emotion, 31(5), 1023-1030.
10.1080/02699931.2016.1179174. [PubMed: 27144890]
Bastian M, & Sackur J (2013). Mind wandering at the fingertips: automatic parsing of subjective states
based on response time variability. Frontiers in Psychology, 4, 573. 10.3389/fpsyg.2013.00573
[PubMed: 24046753]
Brosowsky NP, Murray S, Schooler JW, & Seli P (2021). Thought dynamics under task demands:
Evaluating the influence of task difficulty on unconstrained thought. Journal of Experimental
Psychology: Human Perception and Performance, 47(9), 1298. 10.1037/xhp0000944. [PubMed:
34694856]
Bugg JM (2014). Evidence for the sparing of reactive cognitive control with age. Psychology and
Aging, 29(1), 115-127. 10.1037/a0035270 [PubMed: 24378111]
Bugg JM, Scullin MK, & Rauvola RS (2016). Forgetting no-longer-relevant prospective memory
intentions is (sometimes) harder with age but easier with forgetting practice. Psychology and Aging,
31(4), 358-369. 10.1037/pag0000087 [PubMed: 27064599]
Cheyne JA, Solman GJ, Carriere JS, & Smilek D (2009). Anatomy of an error: A bidirectional state
model of task engagement/disengagement and attention-related errors. Cognition, 111(1), 98-113.
10.1016/j.cognition.2008.12.009. [PubMed: 19215913]
Christoff K, Irving ZC, Fox KC, Spreng RN, & Andrews-Hanna JR (2016). Mind-wandering as
spontaneous thought: A dynamic framework. Nature Reviews Neuroscience, 17(11), 718-731.
10.1038/nrn.2016.113. [PubMed: 27654862]
Christoff K, Mills C, Andrews-Hanna JR, Irving ZC, Thompson E, Fox KCR, & Kam JWY (2018).
Mind-wandering as a scientific concept: Cutting through the definitional haze. Trends in Cognitive
Sciences, 22(11), 957-959. 10.1016/j.tics.2018.07.004. [PubMed: 30220476]
Dienes Z (2014). Using Bayes to get the most out of non-significant results. Frontiers in Psychology, 5,
781. 10.3389/fpsyg.2014.00781. [PubMed: 25120503]

Einstein GO, & McDaniel MA (1997). Aging and mind wandering: Reduced inhibition in older
adults? Experimental Aging Research, 23(4), 343-354. 10.1080/03610739708254035. [PubMed:
9352291]

Psychol Res. Author manuscript; available in PMC 2024 July 28.


https://osf.io/knfvt/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Welhaf and Bugg

Page 13

Fountain-Zaragoza S, Londerée A, Whitmoyer P, & Prakash RS (2016). Dispositional mindfulness
and the wandering mind: Implications for attentional control in older adults. Consciousness and
Cognition, 44, 193-204. 10.1016/j.concog.2016.08.003. [PubMed: 27541935]

Fountain-Zaragoza S, Puccetti NA, Whitmoyer P, & Prakash RS (2018). Aging and attentional
control: Examining the roles of mind-wandering propensity and dispositional mindfulness. Journal
of the International Neuropsychological Society, 24(8), 876-888. 10.1017/s1355617718000553.
[PubMed: 30153873]

Frank DJ, Nara B, Zavagnin M, Touron DR, & Kane MJ (2015). Validating older adults’ reports of less
mind-wandering: An examination of eye movements and dispositional influences. Psychology and
Aging, 30(2), 266. 10.1037/pag0000031. [PubMed: 25938246]

Giambra L (1973). Daydreaming in males from seventeen to seventy-seven: A preliminary report (pp.
765-766). in Proceedings of the 81st Annual Convention of the APA, Honolulu, HI.

Giambra LM (1989). Task-unrelated thought frequency as a function of age: A laboratory study.
Psychology and Aging, 4(2), 136-143. 10.1037/0882-7974.4.2.136 [PubMed: 2789741]

Hasher L, & Zacks RT (1988). Working memory, comprehension, and aging: A review and a new view.
Psychology of Learning and Motivation, 22, 193-225. 10.1016/S0079-7421(08)60041-9.

Jackson JD, & Balota DA (2012). Mind-wandering in younger and older adults: Converging evidence
from the sustained attention to Response Task and reading for comprehension. Psychology and
Aging, 27(1), 106. 10.1037/a0023933. [PubMed: 21707183]

Jeffreys H (1961). Theory of probability. Oxford University Press.

Jordano ML, & Touron DR (2017a). Stereotype threat as a trigger of mind-wandering in older adults.
Psychology and Aging, 32(3), 307-313. 10.1037/pag0000167. [PubMed: 28333503]

Jordano ML, & Touron DR (2017b). Priming performance-related concerns induces task-related mind-
wandering. Consciousness and Cognition, 55, 126-135. 10.1016/j.concog.2017.08.002. [PubMed:
28826041]

Jorddo M, Pinho MS, & St. Jacques P. (2019). Inducing spontaneous future thoughts in younger
and older adults by priming future-oriented personal goals. Psychological Research, 83, 710-726.
10.1007/s00426-019-01146-w. [PubMed: 30671615]

Jorddo M, Ferreira-Santos F, Pinho MS, & St Jacques PL (2019a). Meta-analysis of aging effects in
mind wandering: Methodological and sociodemographic factors. Psychology and Aging, 34(4),
531-544. 10.1037/pag0000356. [PubMed: 31033303]

Kam JW, Irving ZC, Mills C, Patel S, Gopnik A, & Knight RT (2021). Distinct electrophysiological
signatures of task-unrelated and dynamic thoughts. Proceedings of the National Academy of
Sciences, 118(4), 2011796118.

Kane MJ, Smeekens BA, Meier ME, Welhaf MS, & Phillips NE (2021). Testing the construct validity
of competing measurement approaches to probed mind-wandering reports. Behavior Research
Methods, 53, 2372-2411. 10.3758/s13428-021-01557-X. [PubMed: 33835393]

Lee MD, & Wagenmakers EJ (2013). Bayesian cognitive modeling: A practical course. Cambridge
University Press.

Maillet D, Beaty RE, Adnan A, Fox KC, Turner GR, & Spreng RN (2019). Aging and the wandering
brain: Age-related differences in the neural correlates of stimulus-independent thoughts. PloS One,
14(10), e0223981. [PubMed: 31613920]

Manly T, Robertson IH, Galloway M, & Hawkins K (1999). The absent mind: further
investigations of sustained attention to response. Neuropsychologia, 37(6), 661-670. 10.1016/
S0028-3932(98)00127-4 [PubMed: 10390027]

Martinon LM, Smallwood J, McGann D, Hamilton C, & Riby LM (2019). The disentanglement
of the neural and experiential complexity of self-generated thoughts: A users guide to
combining experience sampling with neuroimaging data. Neurolmage, 192, 15-25. 10.1016/
j.neuroimage.2019.02.034 [PubMed: 30802513]

McDaniel MA, & Einstein GO (2020). Training learning strategies to promote self-regulation
and transfer: The knowledge, belief, commitment, and planning framework. Perspectives on
Psychological Science, 15(6), 1363-1381. 10.1177/1745691620920723. [PubMed: 32703097]

Psychol Res. Author manuscript; available in PMC 2024 July 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Welhaf and Bugg

Page 14

McVay JC, & Kane MJ (2009). Conducting the train of thought: Working memory capacity, goal
neglect, and mind wandering in an executive-control task. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 35(1), 196-204. 10.1037/a0014104 [PubMed: 19210090]

McVay JC, Meier ME, Touron DR, & Kane MJ (2013). Aging ebbs the flow of thought: Adult age
differences in mind wandering, executive control, and self-evaluation. Acta Psychologica, 142(1),
136-147. 10.1016/j.actpsy.2012.11.006. [PubMed: 23261422]

Mills C, Raffaelli Q, Irving ZC, Stan D, & Christoff K (2018). Is an off-task mind a freely-moving
mind? Examining the relationship between different dimensions of thought. Consciousness and
Coghnition, 58, 20-33. 10.1016/j.concog.2017.10.003. [PubMed: 29107470]

Mrazek MD, Chin JM, Schmader T, Hartson KA, Smallwood J, & Schooler JW (2011). Threatened to
distraction: Mind-wandering as a consequence of stereotype threat. Journal of Experimental Social
Psychology, 47(6), 1243-1248. 10.1016/j.jesp.2011.05.011.

Nicosia J, & Balota D (2021). Dispositional factors account for age differences in self-reported mind-
wandering. Psychology and Aging, 36(4), 421-432. 10.1037/pag0000614 [PubMed: 34124919]

O’Neill K, Smith AP, Smilek D, & Seli P (2021). Dissociating the freely-moving thought dimension
of mind-wandering from the intentionality and task-unrelated thought dimensions. Psychological
Research, 85, 2599-2609. 10.1007/s00426-020-01419-9. [PubMed: 32935185]

R Core Team (2020). R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. https://www.R-project.org/

Randall JG, Oswald FL, & Beier ME (2014). Mind-wandering, cognition, and performance: A theory-
driven meta-analysis of attention regulation. Psychological Bulletin, 140(6), 141114-141131.

Randall JG, Beier ME, & Villado AJ (2019). Multiple routes to mind wandering: Predicting mind
wandering with resource theories. Consciousness and Cognition, 67, 26—43. 10.1037/a0037428.
[PubMed: 30502635]

Robertson IH, Manly T, Andrade J, Baddeley BT, & Yiend J (1997). Oops!’: performance correlates
of everyday attentional failures in traumatic brain injured and normal subjects. Neuropsychologia,
35(6), 747-758. 10.1016/S0028-3932(97)00015-8 [PubMed: 9204482]

Robison MK, Miller AL, & Unsworth N (2019). Examining the effects of probe frequency, response
options, and framing within the thought-probe method. Behavior Research Methods, 51, 398-408.
10.3758/513428-019-01212-6. [PubMed: 30788799]

Rouder JN, Speckman PL, Sun D, Morey RD, & Iverson G (2009). Bayesian t tests for accepting
and rejecting the null hypothesis. Psychonomic Bulletin & Review, 16(2), 225-237. 10.3758/
PBR.16.2.225. [PubMed: 19293088]

Salthouse TA (2009). When does age-related cognitive decline begin? Neurobiology of Aging, 30(4),
507-514. 10.1016/j.neurobiolaging.2008.09.023. [PubMed: 19231028]

Schubert AL, Frischkorn GT, & Rummel J (2020). The validity of the online thought-probing
procedure of mind wandering is not threatened by variations of probe rate and probe framing.
Psychological Research, 84, 1846-1856. 10.1007/s00426-019-01194-2. [PubMed: 31049656]

Seli P, Kane MJ, Smallwood J, Schacter DL, Maillet D, Schooler JW, & Smilek D (2018a). Mind-
wandering as a natural kind: A family-resemblances view. Trends in Cognitive Sciences, 22(6),
479-490. 10.1016/j.tics.2018.03.010. [PubMed: 29776466]

Seli P, Kane MJ, Metzinger T, Smallwood J, Schacter DL, Maillet D, Schooler JW, & Smilek D
(2018b). The family-resemblances framework for mind-wandering remains well clad. Trends in
Cognitive Sciences, 22(11), 959-961. 10.1016/j.tics.2018.07.007. [PubMed: 30220475]

Seli P, Konishi M, Risko EF, & Smilek D (2018c). The role of task difficulty in theoretical accounts
of mind wandering. Consciousness and Cognition, 65, 255-262. 10.1016/j.concog.2018.08.005.
[PubMed: 30219746]

Seli P, O’Neill K, Carriere JS, Smilek D, Beaty RE, & Schacter DL (2021). Mind-wandering across
the age gap: Age-related differences in mind-wandering are partially attributable to age-related
differences in motivation. The Journals of Gerontology: Series B, 76(7), 1264-1271. 10.1093/
geronb/gbaa031

Simmons JP, Nelson LD, & Simonsohn U (2012). A 21 word solution. Available at SSRN 2160588.
10.2139/ssrn.2160588.

Psychol Res. Author manuscript; available in PMC 2024 July 28.


https://www.R-project.org/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Welhaf and Bugg

Page 15

Singmann H, Bolker B, Westfall J, Aust F, Ben-Shachar MS, & Hgjsgaard S (2015). Package ‘afex’.
http://afex.singmann.science/, https://github.com/singmann/afex.

Smallwood J (2013). Distinguishing how from why the mind wanders: A process—occurrence
framework for self-generated mental activity. Psychological Bulletin, 139(3), 519-535. 10.1037/
a0030010. [PubMed: 23607430]

Smallwood J, Davies JB, Heim D, Finnigan F, Sudberry M, O’Connor R, & Obonsawin M (2004).
Subjective experience and the attentional lapse: Task engagement and disengagement during
sustained attention. Consciousness and Cognition, 13(4), 657-690. 10.1016/j.concog.2004.06.003
[PubMed: 15522626]

Smallwood J, & Schooler JW (2006). The restless mind. Psychological Bulletin, 132(6), 946.
10.1037/0033-2909.132.6.946. [PubMed: 17073528]

Smith AC, Brosowsky NP, Ralph BC, Smilek D, & Seli P (2021). Re-examining the effect of
motivation on intentional and unintentional task-unrelated thought: Accounting for thought
constraint produces novel results. Psychological Research, 87-97. 10.1007/s00426-021-01487-5.
[PubMed: 33630143]

Unsworth N, Robison MK, & Miller AL (2021). Individual differences in lapses of attention: A latent
variable analysis. Journal of Experimental Psychology: General, 150(7), 1303-1331. 10.1037/
Xge0000998.

Vallesi A, Tronelli V, Lomi F, & Pezzetta R (2021). Age differences in sustained attention tasks:

A meta-analysis. Psychonomic Bulletin & Review, 1755-1775. 10.3758/s13423-021-01908-x.
[PubMed: 33772477]

Welhaf MS, & Kane MJ (2023). A nomothetic Span Approach to the construct validation of sustained
attention Consistency: Re-analyzing two latent-variable studies of performance variability and
mind-wandering self-reports. Psychological Research, 1-42. 10.1007/s00426-023-01820-0.

Weinstein Y (2018). Mind-wandering, how do | measure thee with probes? Let me count the ways.
Behavior Research Methods, 50, 642—661. 10.3758/513428-017-0891-9. [PubMed: 28643155]

Weinstein Y, De Lima HJ, & Van Der Zee T (2018). Are you mind-wandering, or is your mind on
task? The effect of probe framing on mind-wandering reports. Psychonomic Bulletin & Review,
25, 754-760. 10.3758/s13423-017-1322-8. [PubMed: 28577275]

Wickham H, Chang W, & Wickham MH (2016). Package ‘ggplot2’. Create Elegant data Visualisations
Using the Grammar of Graphics Version, 2(1), 1-189.

Wickham H, Averick M, Bryan J, Chang W, McGowan LDA, Frangois R, & Yutani H (2019).
Welcome to the Tidyverse. Journal of Open Source Software, 4(43), 1686-1691. 10.21105/
j0ss.01686.

Wong YS, Willoughby AR, & Machado L (2022). Spontaneous mind-wandering tendencies linked
to cognitive flexibility in young adults. Consciousness and Cognition, 102, 103335. 10.1016/
j.concog.2022.103335. [PubMed: 35504243]

Wong YS, Pat N, & Machado L (2023). Commonalities between mind wandering and task-
set switching: An event-related potential study. Neuropsychologia, 185, 108585. 10.1016/
j.neuropsychologia.2023.108585. [PubMed: 37169065]

Wong YS, Willoughby AR, & Machado L (2023b). Reconceptualizing mind wandering from a
switching perspective. Psychological Research, 87(2), 357-372. 10.1007/s00426-022-01676-w.
[PubMed: 35348846]

Zavagnin M, Borella E, & De Beni R (2014). When the mind wanders: Age-related differences
between young and older adults. Acta Psychologica, 145, 54—-64. 10.1016/j.actpsy.2013.10.016.
[PubMed: 24291121]

Zedelius CM, Protzko J, & Schooler JW (2021). Lay theories of the wandering mind: Control-related
beliefs predict mind wandering rates in-and outside the lab. Personality and Social Psychology
Bulletin, 47(6), 921-938. 10.1177/0146167220949408 [PubMed: 32856535]

Psychol Res. Author manuscript; available in PMC 2024 July 28.


http://afex.singmann.science/
https://github.com/singmann/afex

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Welhaf and Bugg Page 16

Percentage of Times Participants Responded
that their Minds were not on Task

40%
35%
30%
25%
20%
15%
10%
5%
0%

College Students Older Adults
Fig. 1.

Graph shown to participants in the Positive Framing condition to depictage differences in
mind wandering
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Fig. 2.
Raincloud plots (Allen et al., 2019) depicting mind wandering rates for each Age Group

and Condition. Dots represent individual subject means in each Age Group. The open dots
represent group-level mean estimates for each Age Group in either the Standard Instructions
or Positive Framing condition. The density plots provide a summary of the overall shape of
the distribution for each Age Group and Condition. Error bars are 95% confidence intervals

Psychol Res. Author manuscript; available in PMC 2024 July 28.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Welhaf and Bugg

Page 18

e Standard Instructions ® Positive Framing
0.5

0.4

0.3

CoV

0.2

0.1

0.0

Old Young

Fig. 3.
Raincloud plots (Allen et al., 2019) depicting CoV for each Age Group and Condition. CoV

= Coefficient of Variation. Dots represent individual subject means in each Age Group. The
open dots represent group-level mean estimates for each Age Group in either the Standard
Instructions or Positive Framing condition. The density plots provide a summary of the
overall shape of the distribution for each Age Group and Condition. Error bars are 95%
confidence intervals
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Fig. 4.
Raincloud plots (Allen et al., 2019) depicting No-Go Accuracy for each Age Group and

Condition. Dots represent individual subject means in each Age Group. The open dots
represent group-level mean estimates for each Age Group in either the Standard Instructions
or Positive Framing condition. The density plots provide a summary of the overall shape of
the distribution for each Age Group and Condition. Error bars are 95% confidence intervals
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Raincloud plots (Allen et al., 2019) depicting Go Accuracy for each Age Group and
Condition. Dots represent individual subject means in each Age Group. The open dots
represent group-level mean estimates for each Age Group in either the Standard Instructions
or Positive Framing condition. The density plots provide a summary of the overall shape of
the distribution for each Age Group and Condition. Error bars are 95% confidence intervals
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