
Acta Psychologica 145 (2014) 54–64

Contents lists available at ScienceDirect

Acta Psychologica

j ourna l homepage: www.e lsev ie r .com/ locate /actpsy
When the mind wanders: Age-related differences between young and
older adults
Michela Zavagnin ⁎, Erika Borella ⁎, Rossana De Beni
Department of General Psychology, University of Padova, Italy
⁎ Corresponding authors at: Department of General Ps
Padova, Italy. Tel.:+39 049 8276622; fax: +39 049 82766

E-mail addresses: michela.zavagnin@email.it (M. Zava
(E. Borella).

0001-6918/$ – see front matter © 2013 Elsevier B.V. All ri
http://dx.doi.org/10.1016/j.actpsy.2013.10.016
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 28 December 2012
Received in revised form 16 October 2013
Accepted 29 October 2013
Available online xxxx

PsycINFO classification:
2340

Keywords:
Mind wandering
Working memory
Inhibition
Processing speed
Aging
Interest inmindwandering (MW) has grown in recent years, but few studies have assessed this phenomenon in
older adults. The aim of this study was to assess age-related differences between young, young–old and old–old
adults in MW using two versions of the sustained attention to response task (SART), one perceptual and one
semantic. Different indicators were examined (i.e., reported MW episodes and behavioral indices of MW such
as response time latency and variability, incorrect response and omission errors). The relationship between
MW, certain basic mechanisms of cognition (working memory, inhibition and processing speed), cognitive fail-
ures and intrusive thoughts in everyday life was also explored. Findings in both versions of the SART indicated
that older adults reported a lower frequency of MW episodes than young adults, but some of the behavioral
indices of MW (response time variability, incorrect response and omission errors) were higher in old–old adults.
This seems to suggest that MW becomes less frequent with aging, but more pervasive and detrimental to
performance. Our results also indicated that the role of age and cognitivemechanisms in explainingMWdepends
on the demands of the SART task considered.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

Mind wandering (MW) can be defined as a shift of attention from
the environmental context to stimuli and mental representations asso-
ciated with personal thoughts or ongoing activities, i.e., task-unrelated
thoughts (TUTs) (Antrobus, Singer, & Greenberg, 1966; Giambra,
1995; Smallwood, Obonsawin, & Heim, 2003). Although this phenome-
non is very common (Kane et al., 2007) and can be useful in some cir-
cumstances (Baird, Smallwood, & Schooler, 2011; Baird et al., 2012), it
is often unintentional and leads to a less accurate information encoding
with consequent cognitive failures and related psychological stress
(Schupak & Rosenthal, 2009; Smallwood, Riby, Heim, & Davies, 2006).
Hence the interest in MW in numerous studies on different age groups
(healthy younger and older adults), as well as in specific populations,
including adults with ADHD (Giambra, 1993) and people with depres-
sion (e.g., Smallwood, O'Connor, Sudberry, & Obonsawin, 2007).

It is now well documented that aging coincides with a decline in
some basic cognitive mechanisms, such as working memory, inhibition
and processing speed (e.g., Craik & Salthouse, 2008; Hasher & Zacks,
1988). This decline also explains age-related differences in many cogni-
tive domains and everyday life abilities (e.g., Borella, Ghisletta, & de
Ribaupierre, 2011).
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Recent theories on MW claim that executive control lies behind the
MW phenomenon (McVay & Kane, 2009). As older adults generally
have more limited executive control resources than young adults,
i.e., less efficient inhibitory mechanisms (attentional control), and a
weak working memory performance (Hasher & Zacks, 1988), we
might expect them to experience more MW, and report more TUTs
than young adults. Instead, an apparently paradoxical decrease in TUT
frequency with aging has been reported in various studies and using
various models. In particular, Giambra (1973, 1993, 2000) used self-
report questionnaires to investigate daydreaming, i.e., task-unrelated
image and thought intrusions, finding that their frequency decreased
with aging in both longitudinal (Giambra, 2000) and cross-sectional
comparisons (Giambra, 1973, 1993). Giambra (1989) also obtained
much the same results using more objective methods, which were not
sensitive to participants' beliefs and therefore unaffected by any biases
(such as those induced by questionnaires). Giambra used a vigilance
task (in which participants responded to rare targets) in a retrospective
correlational study (1989) that involved 5 experiments (conducted
from 1977 to 1980). The results confirmed that TUTs did not increase
with aging. In particular, four of the five studies on the frequency of
TUTs reported that old–old adults (over 70 years of age) had fewer
TUTs than young or middle-aged adults; and three of the five studies
also identified a lower frequency of TUTs in young–old (60- to 70-
year-olds) than in younger adults. A negative correlation between age
and TUTs across the lifespan also emerged in vigilance and reading
tasks of variable difficulty (Grodsky & Giambra, 1990–1991). Giambra
attributed the results concerning the decrease in TUTs (incompatible
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with the inhibitory hypothesis [Hasher & Zacks, 1988]) to various fac-
tors, such as age-related memory decline, or an age-dependent reduc-
tion in nonconscious information processing due to older people
having less “unfinished business”, or fewermatters of concern, whereas
young adults can devote their attention to MW as well because of their
greater attentional capacity (Giambra, 1989).

Giambra's results (Giambra, 1989, 1993) might also be due, howev-
er, to the introspective procedure used – in some experiments partici-
pants were asked to report when their mind was wandering during a
task (self-caught method) – without taking into account the age-
related differences in people's ability to monitor their internal states,
and thus report on their TUTs (Einstein & McDaniel, 1997). To test this
hypothesis, Einstein andMcDaniel (1997) used amore objective and re-
liable performance-based measure, assessing the frequency of MW on
the basis of participants' performance when they were occasionally
interrupted while recalling long lists of words: if a participant recalled
significantly fewer words than the average, this was interpreted as
being due to MW, which led to their failure to encode the stimuli. The
results of this study showed that older adults did not differ significantly
from young people in this performance-basedmeasure, and the authors
concluded that therewas no evidence of age-related differences inMW.
Parks, Klinger, and Perlmutter (1988–89) came to a similar conclusion
when they used a thought sampling procedure during the performance
ofmore or less difficult tasks. They found a higher frequency of evaluative
thoughts focusing on steps towards a goal and of attention-control utter-
ances in older than in younger adults, regardless of the task's difficulty.
Finally, Jackson and Balota (2012) recently investigated MW in younger
and older adults using more recently developed experimental models.
The authors presented different versions of the SART (a go/no-go task
in which participants had to inhibit a habitual response), in which
they also considered response latency as a possible performance-
based indicator of MW, and amore demanding reading comprehension
task. They expected to find the same level of MW in young and older
adults in the more demanding test (the reading comprehension). In-
stead, they found that older adults reported lessMWthan their younger
counterparts in both the SARTs and the reading comprehension task.
The manipulation of the tasks' presentation had a different influence
on the frequency ofMWepisodes reported by younger and older adults,
however. In the first two experiments, the young adults reported four
times as many MW episodes as the older adults; in the others, the
young adults reported only twice as many MW episodes as the older
adults (particularly in the more demanding tasks, i.e., the reading com-
prehension and a slower, longer version of the SART). Older adults also
showed a disproportionate post-error slowing in their completion of
the SARTs, probably because they found it more difficult to re-engage
in the task (possibly due to a greater concern about their performance).
The authors suggested that this pattern of resultsmight reflect a greater
engagement of older adults in the task (supported by personality mea-
sures indicating greater conscientiousness in this age group than in the
young adults) that could lead to less MW and more self-evaluation
thoughts after errors and that would explain the age-related differences
in post-error latency.

Taken together, the above studies indicate either a similar frequency
of MW being reported by young and older adults or (in the majority of
the studies) a decreasing frequency of MW with aging; regardless of
older adults' decline in inhibitorymechanisms (ormore generally in ex-
ecutive control), the ability to maintain task goals or context over time
could make it difficult to control intrusive thoughts (e.g., Hasher &
Zacks, 1988; Balota, Black, & Cheney, 1992).

It is noteworthy that it seems difficult to predict findings concerning
age-related differences inMW(between young and older adults) on the
strength of the two main hypotheses proposed in the literature (based
mainly on evidence of this phenomenon in younger adults), i.e., the
“decoupling” hypothesis (Smallwood & Schooler, 2006), and the “con-
trol failure × current concerns” hypothesis (McVay, Kane, & Kwapil,
2009). The decoupling hypothesis considers MW as a spontaneous
process involving a state in which attention becomes coupled to an in-
ternal process and decoupled from the external information (e.g.,
Barron, Riby, Greer, & Smallwood, 2011; Smallwood, 2010); according-
ly, the frequency of MW would be modulated by the amount of re-
sources required by the task and the amount of resources that the
person possesses (Smallwood & Schooler, 2006). Thus, older adults'
more limited cognitive resources (Craik & Salthouse, 2008)would result
in less frequent MW. The results that this hypothesis would lead us to
expect were not seen in all of the above-cited studies (i.e., two of the
five studies conducted by Einstein & McDaniel (1997), Giambra
(1989) and Parks et al. (1988–89)). Nor are the findings reported by
Jackson and Balota (2012) consistent with a similar decrease in the fre-
quency ofMWepisodes that younger and older adults reportedwith in-
creasingly difficult tasks, as predicted by this decoupling hypothesis.

It seems also difficult to fully explain the above-mentioned results
from the “control failure × current concerns” perspective (e.g., McVay
& Kane, 2010), according to which TUTs are automatically generated
in response to environmental cues, current concerns and personal
goals. They enter the sphere of our awareness as a result of an attention-
al control failure, disrupting goal maintenance processes, so MWwould
presumably be more common in people with a poor working memory
capacity (McVay & Kane, 2009), such as older adults, who may also
have difficulty in modulating their MW in relation to the resources
demanded by the task. But, according to these authors, it is also impor-
tant to consider both the amount of thoughts automatically generated
and the category of thoughts reportedly involved. In fact, older adults
may have fewer current concerns and personal goals, and this would
lead to less MW, as Giambra (1989) suggested, but may report more
thoughts about their performance, i.e., concern-related thoughts
(McVay, Meier, Touron, & Kane, 2013).

We could therefore conclude that it is still not clear how some of the
cognitivemechanisms (i.e., workingmemory and inhibition) evoked by
the two different hypotheses in the literature contribute to explaining
MW in young and older adults. Likewise, it is therefore still hard
to say how a task's complexity (in terms of the demands of the task)
modulates MW. In fact, it has been well documented that the frequency
of MW decreases for more complex tasks in younger adults (see
Smallwood & Schooler, 2006), but this is not the case for older adults.
Jackson andBalota (2012) tried to shed light on this aspect, and their ex-
periments showed the different influence of task manipulation on MW
frequency as a function of age. But their findings cannot be used to draw
any final conclusions because they used a between-groups design and
several variables (not only the difficulty of the tasks) weremanipulated
across the experiments, including the type of task, the rate of presenta-
tion of the stimuli, and the duration of the task.

Finally, it is important to make the point that an aspect of the issue
has been overlooked, i.e., that the different MW patterns described in
the literature may also depend on the age range of the older adults con-
sidered, given the difference in the extent of cognitive decline between
the young-old (65–74 year-olds) and the old-old (75–85 year-olds),
which is more accentuated in the latter group (e.g., Baltes, 1987;
Borella, Carretti, & De Beni, 2008). The age brackets of older adults
used in previous studies may have masked some of the differences in
MW patterns with aging: Giambra divided his sample into two age
groups (60–69, 70–89); Einstein andMcDaniel (1997) studied a sample
of young–old adults (60–76, M = 65.6), and Jackson and Balota (2012)
considered elderly adults as a homogeneous group across experiments
(their mean age ranged between 75.8 and 77.3 years).

Aiming to shed further light on this complex phenomenon, the pres-
ent study explored the age-related differences in MW, comparing
young, young-old and old–old adults, by: i) manipulating the demands
of the tasks, presenting different versions of a SART; and ii) directly
assessing the relationship between MW and certain cognitive mecha-
nisms (workingmemory, inhibition and processing speed) using differ-
ent versions of the SART. Amultivariate designwas adopted inwhich all
the tasks considered were administered to all the participants.
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The SART was chosen because it is the most commonly used para-
digm for assessing MW. Concerning our first goal, to examine whether
MW can be explained by the demands of a task (in terms of the cogni-
tive resources involved), two versions of the SART were developed,
one perceptual and one semantic. The semantic SART has the same
structure as the perceptual one, but it involves participants simulta-
neously in two activities, i.e., encoding stimuli and detecting targets.
Such amanipulation has been shown to prompt a different involvement
of people's cognitive resources (see Smallwood & Schooler, 2006). In
particular, less MW reportedly coincided with the more demanding
SART in a sample of younger adults (Smallwood & Schooler, 2006).
We newly explored whether the greater resources needed for the se-
mantic SART than for the perceptual version would reduce the frequen-
cy ofMW in older adults too, a hypothesis thatwould be consistentwith
the decoupling hypothesis (Smallwood & Schooler, 2006). To our
knowledge at least, no studies conducted so far have examined this
issue in both young and older adults using a multivariate design.

The frequency of MWwas assessed using the probe-caught method.
This is a widely-adopted method particularly useful in the case of older
adults, who may be scarcely aware of their own mental processes
because they do not have to constantly monitor their thoughts. The con-
tent of participants'MWepisodeswas also classified to obtain additional
information on the source of these thoughts as a function of age and see
whether there were any age-related differences in people's susceptibili-
ty to thoughts about personal goals and concerns, or to external cues,
for instance. We thus distinguished between personal thoughts and
daydreams (SITUTs), task-related interferences (TRIs) and external
distractions (EDs) (see Stawarczyk, Majerus, Maj, Van Der Linden, &
D'Argembeau, 2011). Using this classification,we assessed the generality
vs. specificity of MW content. In particular, we expected to find: i) an
age-related decrease in SITUTs, as predicted byGiambra (1989) and con-
sistent with the two hypotheses in the literature onMW; and ii) an age-
related increase in intrusive thoughts due to contextual cues (EDs and
TRIs) in older adults as a result of inhibitory control failures and a greater
focus on the smooth completion of the task (Jackson & Balota, 2012;
Parks et al., 1988–89), which would be consistent with the ‘control
failure × current concerns’ view of MW (e.g., McVay & Kane, 2010).

Given that older adults may havemore difficulty inmonitoring their
thoughts, as Einstein andMcDaniel (1997) suggested, the behavioral in-
dicators of MW (i.e., response time latency and variability, incorrect re-
sponses and omission errors) usually assessed in younger populations
(see Cheyne, Solman, Carriere, & Smildek, 2009) were also considered.
Although these indices are sensitive to other factors (e.g., contextual
distractions) as well as to MW, they can give us an important indication
of the level of a participant's disengagement from a task. For instance,
omission errors can be interpreted as being due to a deep level of MW
because they have been found correlated with zoning-out episodes
(i.e., MW without awareness) (Cheyne et al., 2009). If what Einstein
and McDaniel said is true, we should see discrepancies between the re-
portedMWepisodes and the behavioral indicators: with increasing age,
wemight expect fewer reportedMW episodes to coincide with a worse
performance in the task and: a)more incorrect responses and omissions
for non-target stimuli; b) pre-error speeding and post-error slowing (as
found by Jackson & Balota, 2012); and c) a variance in the response
times (RT CV). All these indicators would relate to more frequent, less
conscious MW episodes.

Regarding the second goal of our study,we tried to shedmore light on
the relationship between the MW phenomenon, considered as a whole,
and cognitive resources, using classical measures ofworkingmemory ca-
pacity (the Categorization Working Memory Span test, Borella et al.,
2008), inhibitory efficacy (intrusion errors committed in the working
memory task, Robert, Borella, Fagot, Lecerf, & de Ribaupierre, 2009),
and processing speed (the pattern comparison test, Salthouse &
Babcock, 1991). To our knowledge, no previous studies have investigated
the joint role of these resources in explaining MW and individual and
age-related differences in this phenomenon. According to the above-
discussed hypotheses, wemight expect either a decrease inMWwith de-
clining cognitive resources in aging, in agreementwith thedecouplinghy-
pothesis, or else an increase in MWwith decreasingly efficient inhibitory
mechanisms and working memory (McVay & Kane, 2009). The present
study should clarify this issue. Moreover, we expected cognitive re-
sources to play a different part on the two versions of the SART consid-
ered, their relationship being stronger with the semantic SART, which
demandsmore cognitive resources, thanwith the easier perceptual SART.

Finally, the relationship between MW and intrusive thoughts and
cognitive failures due to inattention in everyday life was assessed with
the aid of a new ad hoc questionnaire, which specifically indicated er-
rors due to inattention (and not only to memory, as is typically the
case in questionnaires on cognitive failure in everyday life). In particu-
lar, by means of this measure we wanted to see whether or not there
was a sort of congruence between subjective (questionnaire) and
more objective (performance-based, response latency, etc.) measures
of MW in aging, as highlighted in younger adults after assessing self-
reported everyday attention failures (Cheyne, Carriere, & Smildek,
2006), and mindfulness (Cheyne et al., 2006, 2009).

2. Method

2.1. Participants

Our sample consisted of twenty young adults (20–30 years old),
20 young–old adults (65–74 years old), and 19 old–old adults1 (75–
85 years old), who volunteered to take part in the study and were
recruited by word of mouth. They were all native Italian speakers, and
healthy. We ruled out anyone meeting any of the “exclusion criteria”
proposed by Crook et al. (1986)— i.e. a history of head trauma, any neu-
rological or psychiatric illness, a history of brain fever, dementia or any
other state of altered consciousness, use of benzodiazepines in the pre-
vious 3 months, use of illicit drugs, any visual, auditory or motor
impairments, any symptomatic cardiovascular conditions, breathing
problems, or diseases capable of causing cognitive impairments.

The three age groups did not differ in terms of their years of formal
education, or their scores in the Wechsler Adult Intelligence Scale—
Revised (WAIS—R) vocabulary test (Wechsler, 1981); see Table 1.

2.2. Materials and methods

2.2.1. Perceptual and semantic SARTs
Both the SARTs contained 172 stimuli (144 non-target, 28 target)

consisting of five strings of letters organized into blocks containing 5,
6 or 7 strings each, with 0, 1, or 2 targets. The presentation of the two
blocks and the lists they contained were randomized.

Following Giambra's (1995) suggestions, and in the light of com-
ments in Jackson and Balota (2012) on the need to present stimuli
more slowly if a task is also intended for older people, each string was
presented in the center of the screen for 2000 ms, with an inter-
stimulus interval (ISI) of 2000 ms. The screen was black during the ISI.
In the perceptual SART, there were five “x” target stimuli (XXXXX)
and five “o” non-target stimuli (OOOOO). In the semantic SART, the tar-
getswerefive-letter nouns identifying animals and the non-target stim-
uli were five-letter non-animal nouns (adapted from Smallwood et al.,
2006). The experiment was conducted using the E-Prime software.

Participants sat about 50 cmaway from the screen and, adopting the
Stawarczyk et al. (2011) procedure, they were asked to press a green
button when a non-target stimulus appeared and a red button when a
target stimulus appeared (the target stimuli were evenly distributed
throughout the task).

Probeswere presented at the endof each block, and the time interval
between one probe and the next ranged from 22 to 30 s (as suggested



Table 1
Characteristics of the sample by age group and results of ANOVA.

Young Young–old Old–old ANOVA results

M SD M SD M SD F df ηp2 p

Age 24.15 2.82 69.05 2.87 80.00 3.37

Background
Education 13.10 1.77 10.95 2.82 11.68 3.51 3.08 2,58 0.10 0.54
Vocabulary 50.85 10.66 47.70 9.44 45.74 10.20 1.27 2,58 0.04 0.29

Working memory
CWMS 57.50 7.67 45.15 8.273 34.58 11.94 28.86 2,58 0.51 b .001

Inhibition
Proportion of intrusion errors 0.06 0.06 0.11 0.08 0.18 0.13 9.22 2,58 0.25 b .001

Processing speed
Pattern comparison (sec.) 115.38 30.61 172.79 42.13 190.41 46.87 19.56 2,58 0.41 b .001

Mind wandering
MWQuestionnaire 77.10 15.51 68.40 14.26 62.00 14.15 5.22 2,58 0.16 b .01

Note. CWMS: Categorization Working Memory Span test.
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by Giambra (1989)). The probes consisted in the following prompt:
“If your attention was completely on the task, press the RED button.
If you had other thoughts, press the GREEN button and report the type
of thoughts you had using the proposed classification”.

Participants had to classify their thoughts in four categories
(adapted from Stawarczyk et al., 2011) as follows: i) SITUTs: personal
thoughts or daydreams unrelated to the task (e.g., about personal life
or worries); ii) TRIs: thoughts related to the task (e.g., thoughts about
the task's duration, the stimuli or the participant's performance);
iii) EDs: thoughts due to exteroceptive or introceptive perceptions and
sensations; and iv) “not known”: participants were aware that their
mindhadwandered, butwere unable to saywhat they hadbeen thinking.

Several examples of MW episodes were given before presenting the
perceptual and semantic SARTs. The proposed classification for anyMW
episodes was presented and participants were asked to classify some
examples of MW episodes suggested by the experimenter: if they
were able to do so easily, two practice trials (11 stimuli, and 2 probes)
were run before the task started; if not, more examples were provided.
The term “mind wandering” was avoided when explaining the task.

After completing both versions of the SART, participants were asked
to indicate on a Likert scale howdifficult it had been to classify theirMW
episodes (from 0 = very difficult to 6 = very easy), and how accurate-
ly they felt they had done so (0 = not at all, 6 = perfectly). A final
debriefing was conducted to obtain participants' impressions, particu-
larly focusing on any difficulties encountered.

The order of presentation of the perceptual and semantic SARTs was
balanced across participants.

The dependent variables were: 1) frequency of MW episodes com-
puted as a proportion of the total number of probes (the number of
MW episodes out of the number of probes); 2) the proportion of each
type of thoughts (SITUTs, TRIs, EDs and “not known”) out of the total
MW episodes (e.g., frequency of SITUTs out of overall MW episodes);
and 3) the correct responses, or accuracy, calculating the d-prime
index from the percentage of correct hits and correct rejections.

In addition, to better elucidate the level of disengagement from the
task, we considered: 4) the proportion of errors, divided – as suggested
by Cheyne et al. (2009) – into four categories, i.e., incorrect responses
and omissions involving target and non-target stimuli. The proportion
of each of these types of error out of the total errors was calculated
(e.g., number of omissions in target items out of the total number of er-
rors). We also calculated: 6) the response time latency (standardized
RTs) and the response time variability in the four non-target items
that were (off-task blocks) or were not (on-task blocks) preceded by a
reported MW episode, as well as the pre- and post-error standardized
RT latency and variability (see Supplementary data for the latter two
indices). We chose to standardize the RTs, dividing the mean RTs by
the standard deviation of the RTs for each individual, to take age-
related differences in RT latency into account (older adults' RTs were
slower than younger adults, due to the age-related decline in processing
speed). To compute the variability of the RT latency, we used the re-
sponse time coefficient of variability— RT CV (i.e., the mean RT divided
by the standard deviation of the RT) (see Mrazek et al., 2011).

2.3. CategorizationWorkingMemory Span test (CWMS, Borella et al., 2008)

This task is similar to the classic workingmemory tasks, the only dif-
ference being that it involves processing lists of words rather than
sentences to limit the influence of semantic processing. Four sets were
presented: each set included 18 lists of words grouped into series of 3
to 6 word lists. Each list contained 5 words of high-to-medium frequen-
cy. The lists could contain no, one, or two animal nouns, in any position,
including the last (a typical list could be: year,mother, dog,word, night).

Participants heard the lists of words, which were read by the exper-
imenter at a rate of 1 s per word, and were asked to tap their hand on
the table whenever they heard an animal noun. The interval between
two lists of words was 2 s (the presentation was paced by the experi-
menter). At the end of the series, participants had to recall the last
word in each list in serial order. Two practice trials were given before
the experiment started.

The total number of correctly recalled words was taken as the mea-
sure of their working memory capacity (maximum score of 72).

The proportion of intrusion errors (words presented in the task
and recalled by the participant that were not the last words in each
list) was also computed to measure the individual's ability to control
the persistence of information in their workingmemory (see, for exam-
ple, Borella, Carretti, Cornoldi, & De Beni, 2007; De Beni, Palladino,
Pazzaglia, & Cornoldi, 1998), which represents a measure of inhibitory
efficacy (e.g., Robert et al., 2009).

2.3.1. Pattern comparison task (adapted from Salthouse & Babcock, 1991)
This task consists of two columns of 60 line segments set out on two

pages. Participants had to decide as quickly as possible whether two
items were identical (writing S, for Si [Yes]) or not (writing N, for No).
The experimenter used a stopwatch to record the time it took to com-
plete each page. Three practice items were given before the experiment
started.

The dependent variable was the total time taken to complete the
answers for the two pages.

2.3.2. MW questionnaire (adapted from Borella et al., 2007)
This new questionnaire was developed specifically to assess atten-

tional control failures (possibly reflecting MW episodes) that could
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occur in Italian people's everyday life (see Appendix 1). A pilot studywas
first conducted to collect descriptions of the most common situations in
which people interviewed had persistent thoughts and the things that
often happened when they were distracted. These descriptions were
used to obtain 29 items for assessing the frequency of intrusive thoughts
(e.g., “How often does it happen that you cannot prevent thoughts that
are disturbing you and slowing down your performance in daily life?”),
and cognitive failures due to inattention in everyday life (e.g., “How
often does it happen that you do not remember what a person has just
said to you because you have not been paying attention?”). Participants
had to rate the frequency with which they made these mistakes or had
these thoughts on a 5-point scale (from Never — 1, to All the time — 5);
they scored from 29 to 145, a higher score indicating a higher frequency
of intrusive thoughts. At the end of the questionnaire, there were three
questions to assess participants' beliefs about this phenomenon (their
answers were not considered in the total score).

2.4. Procedure

All participants were tested individually in a quiet, well-lit room
during a single session that lasted about 90 min. The tasks were pre-
sented in the following order: the health and demographics question-
naire, the vocabulary test, the first version of the SART (semantic or
perceptual, balanced across participants), the processing speed task
(pattern comparison), the working memory task, the second version
of the SART, and the MW questionnaire.

3. Results

First, ANOVA were carried out on the MW questionnaire, the work-
ing memory task, the proportion of intrusion errors in the CWMS (in-
hibitory measure), and the processing speed, with group as the
Table 2
Descriptive statistics (M and SD) for the measures of interest by SART version (perceptual vs. s

Young

M

Perceptual SART
MW episodes Overall MW 0.59

SITUTs 0.43
TRIs 0.28
EDs 0.27
Not known 0.01

Accuracy d prime index 4.56
Incorrect responses Target item 0.30

Non-target item 0.45
Omissions Target item 0.15

Non-target item 0.35
RTs On-task 0.08

Off-task −0.25
RT CV On-task 4.64

Off-task 4.40
Semantic SART
MW episodes Overall MW 0.61

SITUTs 0.40
TRIs 0.30
EDs 0.24
Not known 0.01

Accuracy d prime index 4.33
Incorrect responses Target item 1.20

Non-target item 0.20
Omissions Target item 0.15

Non-target item 0.95
RT latency On-task −0.15

Off-task 0.04
RT variability (RT CV) On-task 4.47

Off-task 4.64

Note: SITUTs = proportion of personal thoughts; TRIs = proportion of thoughts related to
response time coefficient of variability.
independent variable. The results are summarized in Table 1. Then the
results of the SARTs were analyzed (see below).

3.1. MW questionnaire

The old–old reported significantly fewer intrusive thoughts and cog-
nitive failures than the young adults (p b .01), while the young–old did
not differ significantly from either of the other two groups.

3.2. Cognitive resources

The young adults recalled more words in the working memory task
(CWMS) than the other two groups (p b .001), and the young–old
recalled more words then the old–old (p b .01).

As concerns in inhibitory efficiency, the old–old again produced a
higher proportion of intrusion errors than the young (p b .001) or
young–old adults (p b .05), while the latter two groups did not differ
significantly from one another.

Finally, in terms of processing speed, the young adults were faster
than the young–old (p b .001) or old–old (p b .001), and the young–
old were faster than the old–old (p b .01) (see Table 1).

As in the literature, older adults had a poor workingmemory perfor-
mance and a lower processing speed and inhibitory efficacy than youn-
ger people, and the old–old performedworse than the young–old. These
results confirm the age-related decline in cognitive resources and the
more accentuated cognitive decline in the fourth age than in the third
(e.g., Borella et al., 2007).

3.3. Perceptual and semantic SARTs

Descriptive statistics are presented in Table 2.
Repeated ANOVAs with a mixed design, using Group (young,

young–old, old–old) as a between-subjects factor, and Condition
emantic) and Group (young, young–old and old–old).

Young–old Old–old

SD M SD M SD

0.25 0.38 0.32 0.16 0.15
0.23 0.29 0.27 0.24 0.29
0.22 0.35 0.30 0.23 0.28
0.17 0.24 0.29 0.24 0.28
0.02 0.01 0.06 0.03 0.12
0.24 4.53 0.27 4.30 0.53
0.13 0.35 0.13 0.36 0.13
0.14 0.10 0.14 0.16 0.14
0.11 0.10 0.11 0.37 0.11
0.33 0.60 0.33 1.79 0.34
1.30 −0.14 1.90 −0.01 2.97
0.21 −0.26 0.16 −0.23 0.12
1.87 6.51 3.02 5.79 2.51
1.24 6.30 3.14 8.18 6.35

0.33 0.31 0.32 0.23 0.26
0.24 0.27 0.26 0.19 0.29
0.22 0.37 0.33 0.56 0.34
0.15 0.22 0.30 0.09 0.17
0.02 0.04 0.11 0.01 0.02
0.51 4.10 0.76 3.64 1.04
0.43 0.80 0.44 1.63 0.45
0.27 0.49 0.27 1.12 0.27
0.30 0.65 0.30 1.05 0.30
1.16 1.45 1.16 4.21 1.20
0.20 −0.23 0.20 −0.18 0.12
0.24 −0.14 0.32 0.02 0.73
1.23 6.36 3.06 6.05 1.97
1.54 8.26 5.41 8.89 6.95

task; EDs = proportion of thoughts due to external stimuli; RT: response times; RT CV:
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(perceptual vs. semantic SART) as a within-subject factor, were run on
the following dependent variables, calculated for each participant:
i) proportion of the frequency of MW episodes; ii) proportion of the
frequency of MW episodes by type of thought (SITUTs, TRIs, EDs, “not
known”; iii) accuracy (d-prime index); iv) incorrect responses involv-
ing target stimuli or non-target stimuli; and v) omissions involving
target stimuli or non-target stimuli. We also analyzed response latency
in blocks in which MW episodes were or were not reported.

The interactions were broken down using post-hoc pairwise com-
parisons with Bonferroni's correction at p b .05, adjusted for multiple
comparisons. The results of the ANOVA are summarized in Table 3.

3.3.1. Frequency of MW episodes
On a descriptive level, the frequency of MW episodes was higher in

young than in young–old or old–old adults in both SARTs but – unlike
the other two age groups – the old–old adults reported a higher fre-
quency of MW episodes in the semantic than in the perceptual SART
(see Table 2).

ANOVA showed that, regardless of the SART Condition, young adults
reported a higher frequency of MW episodes than the young–old
(p b .01) or old–old (p b .001), while there was no difference between
the latter two age groups (see Table 3).

3.3.2. Content of MW episodes2

The main effect of Group emerged in the proportion of SITUTs. The
old–old reported a lower proportion of SITUTs than the young adults
(p b .05), irrespective of the version of the SART, while the young–old
adults did not differ significantly from the other two groups (see Table 2).

The main effect of Condition was significant for the proportion of
TRIs: participants reported a greater proportion of TRIs in the semantic
than in the perceptual SART. For TRIs, the significant interaction
(Group × Condition) also revealed that old–old participants reported
proportionally more TRIs than young adults in the semantic SART
(p b .05). The old–old also reported more TRIs in the semantic than
in the perceptual SART (p b .01). The young–old adults did not differ
significantly from the other two groups (see Table 3).

No significant results were obtained for the other types of thoughts.

3.3.3. Accuracy
Results in the d-prime index – based on the percentage of correct

hits and correct rejections – showed that the old–old were less accurate
than the young (p b .01), while the young–old did not differ significant-
ly from the other two age groups. On the whole, participants were also
less accurate in the semantic than in the perceptual SART (p b .001)
(see Table 2). The interaction was not significant.

3.3.4. Errors3

For incorrect responses involving both target and non-target stimuli,
our results showedmore incorrect responses in the semantic than in the
perceptual SART (p b .01 and p b .05, respectively) (see Tables 2 and 3).
The effect of age was not significant, and the interaction (Group ×
Condition) was only significant for non-target stimuli, showing that
old–old adults produced more incorrect responses in the semantic
than in the perceptual SART (p b .01).

For the omissions involving both target and non-target stimuli, the
old–old tended to omit more responses than the young adults (p b .05
for both types of omission), while the young–old adults did not differ
significantly from either of the other two age groups. More omissions
were made, for both target and non-target stimuli, in the semantic
2 In the questionnaire administered at the end of each version of the SART, participants
reported having no difficulty and being highly accurate in classifying their thoughts. The
mean values assigned by participants were always higher than 5 for all age groups, which
did not differ significantly from one another.

3 Nineteen and ten participants made no errors in the perceptual and semantic SARTs,
respectively.
than in the perceptual SART (p b .05 for both). No significant interac-
tions emerged for either type of omission (see Table 3).

3.3.5. Response latency in blocks where MW episodes were or were
not reported

Repeated ANOVA with a mixed design, with Group (young, young–
old, old–old) as a between-subjects factor, and Condition (on-task vs.
off-task) as a within-subject factor, were calculated on the means of
the standardized RT latency and RT CV for the four non-target stimuli
before probing. Descriptive statistics are given in Table 2 and the results
of the ANOVA are summarized in Table 4.

Regarding RT latency, our results showed that it was only in the
semantic SART that the RTs were longer before a reported MW episode
(off-task trials) than in on-task trials (p b .05). No significant differ-
ences were seen in the perceptual condition.

On the other hand, the analysis of the RT CV pointed to a significant
interaction in the perceptual SART, showing that the old–old partici-
pants' RTs in off-task blocks varied more than those of the young adults
(p b .05). Itwas also only the old–old adults' RTs that variedmore in off-
task blocks than in on-task blocks (p b .01).

The results for the semantic SART only showed a significant main
effect of age group: the old–old adults' RTs varied more than those of
the young adults (p b .01), while the young–old adults did not differ
significantly from either of the other two age groups.

The pre-error and post-error latency and variability data are given in
the Supplementary data section.

3.4. Correlation analyses

Correlation analyses (see Table 5) were performed considering age,
proportion of MW episodes and accuracy (d-prime index), RT latency
and RT CV in on-task blocks, and off-task block in the perceptual and
semantic SARTs, working memory (CWMS word recall), inhibition (in-
trusion errors in the CWMS), score in the MW questionnaire, and pro-
cessing speed (pattern comparison).

Significant negative correlations were found between age and both
the proportion of MW episodes and the variability of RTs in both SART
conditions. Age also correlated with cognitive resources. These findings
confirmed the results of the ANOVA.

As expected, our findings also indicated a strong correlation be-
tween the frequency of MW episodes in the perceptual and semantic
SARTs, while no significant correlations came to light between the accu-
racy measures in the two versions of the SART. MW in the perceptual
SART correlated negatively with RT variability in off-task blocks, but
this correlation was no longer significant after controlling for age.
More variable RTs in the on-task blocks in the perceptual SART correlat-
ed with a greater accuracy, but this effect was also lost after controlling
for age. So it seems that there was an increasing variability in RTs
with increasing age on the one hand, while on the other there were
no significant correlations between RT variability and the frequency of
MW episodes reported by participants after controlling for age.

The relationships between the frequency of MW episodes while
performing the SARTs and accuracy, cognitive resources and self-
perceived MW were assessed in more detail by means of regression
analyses, as outlined below.

3.5. Regression analyses

The role of age, cognitive resources (working memory, inhibition,
processing speed), and cognitive failures, due to inattention in everyday
life, on the frequency of MW episodes (overall MW) experienced by
participants during the perceptual and semantic SARTs was assessed
using hierarchic regression analyses. Two models, differing in terms of
order entry, were used to assess the role of age versus cognitive re-
sources and cognitive failures due to inattention in everyday life —

MW Questionnaire. In Model 1, age was entered in Step 1, while



Table 3
Mixed-design 3 × 2 ANOVA results for the measures of interest, with Group (young, young–old, old–old) as a between-subjects factor and Condition (perceptual vs. semantic SART) as
repeated measures.

F df ηp2 P

MW episodes Overall MW Between subjects
Within subjects

Group (G) 13.00 2,56 0.15 b .001
Condition (C) 0.08 1,56 0.00 0.78
G × S 2.06 2,56 0.07 0.14

SITUTs Between subjects
Within subjects

Group (G) 4.56 2,56 0.14 b .05
Condition (C) 0.66 1,56 0.01 0.42
G × S 0.06 2,56 0.00 0.94

TRIs Between subjects
Within subjects

Group (G) 0.73 2,56 0.03 0.49
Condition (C) 8.73 1,56 0.14 b .01
G × S 6.39 2,56 0.19 b .01

EDs Between subjects
Within subjects

Group (G) 1.25 2, 56 0.04 0.30
Condition (C) 3.06 1,56 0.05 0.09
G × S 0.97 2,56 0.03 0.39

Not known Between subjects
Within subjects

Group (G) 0.48 2,56 0.02 0.66
Condition (C) 0.89 1,56 0.00 0.89
G × S 2.09 2,56 0.07 0.13

Accuracy d prime index Between subjects
Within subjects

Group (G) 6.04 2,56 0.18 b .01
Condition (C) 15.29 1,56 0.21 b .001
G × S 1.23 2,56 0.04 0.30

Incorrect response Target item Between subjects
Within subjects

Group (G) 0.77 2,56 0.03 0.47
Condition (C) 12.26 1,56 0.18 b .01
G × S 0.89 2,56 0.03 0.42

Non-target item Between subjects
Within subjects

Group (G) 1.51 2,56 0.10 0.23
Condition (C) 5.32 1,56 0.09 b .05
G × S 4.61 2,56 0.14 b .05

Omission Target item Between subjects
Within subjects

Group (G) 2.97 2,56 0.10 b .05
Condition (C) 5.32 1,56 0.09 b .05
G × S 1.38 2,56 0.05 0.26

Non-target item Between subjects
Within subjects

Group (G) 3.46 2,56 0.11 b .05
Condition (C) 4.28 1,56 0.07 b .05
G × S 0.82 2,56 0.03 0.45

Note: SITUTs = Personal thoughts; TRIs = Thoughts related to task; EDs = Thoughts due to external stimuli.
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words recalled in the CWMS, the proportion of intrusion errors in the
CWMS, pattern comparison time (sec.), and MW Questionnaire score
were entered in Step 2. For Model 2, the order of entry of the various
variables was reversed, with CWMS, intrusion errors, pattern compari-
son time and MW Questionnaire in Step 1 and age in Step 2.

Concerning the frequency of MW episodes reported during the per-
ceptual SART, Model 1 showed that age explained a significant part of
the variance (R2 = .54, p b .001), while the MW Questionnaire (Step
2) accounted for 16% of the variance; the CWMS (β = .50, p b .05),
and the MW Questionnaire (β = .35, p b .01) were the only salient
predictors. On the other hand, when age was entered in the last step
(Model 2) only cognitive resources and cognitive failures due to
Table 4
Mixed-design 3 × 2 ANOVA results for standardized response time (RT) latency and respon
(young, young–old, old–old) as a between-subjects factor and Condition (on-task vs. off-task b

Perceptual SART
RT latency Between subjects Within subjects Group (G)

Condition (
G × S

RT CV latency Between subjects Within subjects Group (G)
Condition (
G × S

Semantic SART
RT latency Between subjects Within subjects Group (G)

Condition (
G × S

RT CV latency Between subjects Within subjects Group (G)
Condition (
G × S

Note: RT: response times; RT CV: response time coefficient of variability.
inattention in everyday life explained a significant part of the variance
(R2 = .44, p b .001), and age was no longer a significant predictor.
Here again, CWMS (β = .50, p b .05) and the MW Questionnaire
score (β = .35, p b .01) made a unique contribution to the explained
variance.

When we analyzed the predictors of the frequency of MW episodes
during the semantic SART, only age (β = − .49, p b .001) explained a
significant part of the variance (R2 = .24, p b .001) inModel 1, whereas
cognitive resources andMWQuestionnaire, but not age, explained a sig-
nificant amount of variance in Model 2 (R2 = .29, p b .001). The MW
Questionnaire made a unique contribution to the variance explained
(β = .35, p b .01).
se time coefficient of variability (RT CV) in semantic and perceptual SART, with Group
locks) as repeated measures.

F df ηp2 p

0.06 2,49 0.00 0.95
C) 0.55 1,49 0.01 0.46

0.05 2,49 0.00 0.96
2.97 2,49 0.11 0.06

C) 1.47 1,49 0.03 0.23
4.14 2,49 0.15 b .05

1.33 2,46 0.06 0.28
C) 4.67 1,46 0.09 b .05

0.22 2,46 0.01 0.80
4.29 2,46 0.16 b .05

C) 3.46 1,46 0.07 0.07
0.63 2,46 0.03 0.51
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It is worth noting that similar results were obtained, in terms of sig-
nificant predictors, when the proportion of SITUTs (which is a stricter
measure of MW) was considered as a dependent variable4.

Regression analyses were also run to estimate the percentage of var-
iance in accuracy (d-prime) in the perceptual and semantic SARTs, con-
sidering age, CWMS, proportion of intrusion errors, score in the MW
Questionnaire, processing speed, and reported frequency of MWduring
the two SARTs, and entering the variables as explained above for the
previous analysis. None of the predictors accounted for a significant
part of the variance in accuracy in the perceptual SART. In contrast,
age explained a significant part of the variance (R2 = .07, p b .05) for
the semantic SART in Model 1, and cognitive resources and MW (the
MW Questionnaire and the proportion of MW episodes) added 29% of
the variance. The CWMS score (β = .79, p b .01) and the frequency of
MW episodes in the semantic SART (β = − .33, p b .01) thus made a
unique contribution to explaining the variance. But when cognitive as-
pects were entered in the first step, the contribution of age was no lon-
ger significant, and cognitive resources and MW accounted for a larger
portion of the variance (R2 = .36, p b .001). In particular, the CWMS
(β = .79, p b .001), and the frequency of reported MW episodes
(β = − .40, p b .01) made a unique contribution to explaining the var-
iance in accuracy.

Overall, these results suggest, on the one hand, that age explains a
large part of the variance in MW reported by participants in both ver-
sions of the SART, while working memory and the MW Questionnaire
only contributed significantly in the perceptual task. On the other
hand, working memory explained the majority of the variance in accu-
racy (while the contribution of age was limited), but only in the more
demanding version of the SART.

4. Discussion and conclusion

MW is a phenomenon that has recently received considerable atten-
tion, but few studies have assessed whether and how it changes with
age, also in relation to the demands of a given task. To the best of our
knowledge, none of the studies conducted to date have considered the
relationship between MW and cognitive resources (working memory,
inhibition, processing speed) in aging. We therefore newly investigated
the age-related differences in MW between young, young–old and old–
old individuals using a multivariate design to analyze: i) whether the
frequency of MW was modulated by the demands of the task in terms
of the processing resources required (using both the probe-caught
method and performance-based measures), and for this purpose we
considered the amount and type of reported MW episodes, also
distinguishing between different types of thoughts; and ii) the relation-
ship between MW and mechanisms evoked to explain MW, such as
working memory, inhibition, and processing speed, as well as the rela-
tionship between MW and the self-perceived frequency of intrusive
thoughts and cognitive failures due to inattention in daily life, assessed
by means of a new MW Questionnaire.

Concerning the first goal, young–old and old–old adults reported
fewer MW episodes than young adults in both versions (perceptual
and semantic) of the SART administered — a finding consistent with
other studies (e.g., Jackson & Balota, 2012) and with the decoupling
4 When the proportion of SITUTs among all the probes was considered as a dependent
variable in the perceptual SART, Model 1 showed that only age (β = − .41, p b .01) ex-
plained a significant part of the variance (R2 = .17, p b .05); cognitive resources and the
score in the MW questionnaire (Step 2) did not contribute to explaining the variance. In
contrast, when age was entered in the last step (Model 2), only CWMS (β = .57,
p b .05) and the score in the MWquestionnaire (β = .30, p b .05) made a unique contri-
bution to the explained variance (R2 = .24, p b .01), and age (Step 2) was no longer a sig-
nificant predictor. For the SITUTs in the semantic SART, only age (β = − .52, p b .001), not
cognitive resources or the score in the MW questionnaire, explained a significant part of
the variance (R2 = .27, p b .001) inModel 1. InModel 2, cognitive resources and the score
in theMWquestionnaire explained 31% of the variance, and age (Step 2) an additional 4%.
The score in the MW questionnaire (β = − .37, p b .05) and age (β = − .37, p b .05)
made a unique contribution to the explained variance.
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hypothesis. Somenoteworthyfindings emerged, however,whenwe an-
alyzed the types of thought reported when MW episodes occurred. Our
results showed an age-related decline in the proportion of personal
thoughts (SITUT) regardless of the type of SART, with the old–old
reporting fewer SITUTs then younger adults. This may be due to age-
related changes in emotional goals and regulation (e.g., Carstensen &
Charles, 1998), meaning that the old–old may have fewer personal
thoughts because they are less anxious about everyday life issues or,
as suggested by Giambra (1989), they could have less “unfinished busi-
ness”. The old–old also reported a higher proportion of task-related
thoughts (TRI) than younger adults. As Jackson and Balota (2012) sug-
gested that older adults (and the old–old in particular in the present
study) may approach such tasks differently from younger people, and
be more inclined to engage in the tasks, for instance. It could also be
that the cue provided by the words in the semantic SART facilitated
MW by creating more interferences than perceptual stimuli (Carretti,
Mammarella, & Borella, 2011). This was mentioned by participants af-
terwards and might also explain why old–old adults reported having
more TRIs in the semantic than in the perceptual SART. McVay et al.
(2013) recently found a similar difference between the TRIs and the
SITUTs reported by older adults. The authors interpreted this pattern
of findings in the light of the ‘control failure × current concerns’ hy-
pothesis, judging it to be due to reduced control processes interacting
with the generation of thoughts about current concerns. Older adults
may have fewer worries and thoughts about their day-to-day life, but
more off-task thoughts about their performance in the laboratory,
whichmight go unsuppressed due to executive deficits. It is particularly
worth noting, regarding both SITUTs and TRIs, thatwe found differences
between young and old–old adults, while the young–old's performance
seemed to come in between the other two age groups. The present
results thus suggest that it is not older adults in general, but only old–
old adults who differ in their sensitivity to these types of thoughts.

These age-related differences may, nonetheless, be due to a lesser
propensity with aging to report some types of MW episode, either be-
cause they may be seen as a normal product of a person's mental activ-
ity, or because older people would have greater difficulty in monitoring
them (Einstein &McDaniel, 1997)while simultaneously completing the
task in hand. To take these aspects into account, our participants' perfor-
mance indices were also analyzed, revealing some notable differences
vis-à-vis the self-reported measures of MW considered in the present
study.

One aspect concerned the task's manipulation: as expected, our re-
sults indicated that the semantic SART was more difficult than the per-
ceptual version, since we observed a lower accuracy in the former, with
more omissions and incorrect responses, particularly in the old–old
adults. When we considered the age-related differences, our results
showed that only the old–old were less accurate in both versions of
the SART than the younger groups, while the young–olds' performance
(like their reported MW episodes) came in between the other two age
groups. In particular, the old–old adults produced more omissions for
non-target stimuli in both SARTs, suggesting that their MW went
deeper and they were less aware of it. This lesser awareness could ex-
plain the lower frequency of reportedMWand also its greater influence
on the old–old adults' performance. According to Cheyne et al. (2009),
omissions represent a failure to prepare a response due to exogenous
events and endogenous rhythmic attention swings, and may become
an important opportunity for reactive MW. Such errors could indicate
a MW state that is less likely to be conscious (Smallwood, McSpadden,
& Schooler, 2007), and that can interfere with the primary task
(Cheyne et al., 2009).

Another significant behavioral issue regards the RTs, and it proved
particularly interesting to compare RT latency and variability in blocks
of stimuli that were or were not reportedly preceded by participants'
MW episodes. Our participants proved slower to respond when
their minds wandered than when they were focused on the task, but
only when performing the semantic SART, not the perceptual task.
Performance in the semantic task thus seemed to be more sensitive to
MW episodes, suggesting that the semantic task was more difficult
than the perceptual SART because of the nature of the stimuli. When
age differences were considered, we found that only the old–old adults'
RTs varied more when their minds wandered than when they were
focused on the task, and this applied to both versions of the task. This
can be seen as an indication of a transient disengagement of their atten-
tion from the task in hand (Cheyne et al., 2009), when their attention
was decoupled between internal and external information, a state in
which errors in performance become more likely, as suggested by
Smallwood, McSpadden, et al. (2007), Smallwood, O'Connor, et al.
(2007). When we considered the pre- and post-error latency and vari-
ability (see Supplementary data) instead, we found that only young
adults, not older adults (as might be expected), were faster before an
error than before a correct response in the semantic SART, and their
RT variability was greater before errors than before correct responses,
in both the perceptual and the semantic SARTs. These results are at
odds with previous findings (Cheyne et al., 2009; Jackson & Balota,
2012; Smallwood et al., 2004), however, and they should be considered
with caution because of the limited data available for our analysis.

Finally, regression analyses enabled us to clarify the role of basic cog-
nitive mechanisms in MW: the frequency of MW episodes was ex-
plained by age, cognitive failures and intrusive thoughts in everyday
life and individual differences in cognitive resources, and in working
memory in particular. The same predictors emerged when we consid-
ered a strict measure of MW (i.e., the proportion of SITUTs out of the
number of probes). Therefore, people who reportedmore frequent cog-
nitive failures and intrusive thoughts in everyday life, and who had a
higher working memory performance, reported more MW episodes
but, oddly enough, only in the less demanding (perceptual) task. They
probably found it easy to complete the task and this enabled their
minds towander. Thefindings for the perceptual SARTwould be consis-
tent with the decoupling hypothesis, but it would be hard to explain
why working memory capacity does not predict the frequency of MW
in the semantic SART too (Levinson, Smallwood, & Davidson, 2012).
This could have to dowith the greater influence of individual differences
in the more demanding task, as predicted by the ‘control failure ×
current concerns’ view (Kane & McVay, 2012), but it is important to
note that inhibitory efficacy did not seem to play a part in explaining
the reported frequency of MW episodes, as predicted in younger adults
(Kane&McVay, 2012). Only intrusion errorswere considered, however,
a different involvement of inhibitory efficacy in MW might emerge
using other inhibitorymeasures.Wemight also attribute the differences
between the two SARTs to the fact that our older peoplemay have been
less able to monitor their MW when they had to cope with a more
demanding task. Finally, our finding may be due simply to variables
(e.g., the type of stimuli used) relating to the type of task: these aspects
need to be better investigated in future studies.

A different pattern emerged for accuracy: regression analyses
showed that cognitive resources (and especially working memory
capacity) and age (to a marginal degree) explained the variance in the
accuracy of response in the semantic SARTs. As expected, the role of
working memory was stronger in the more demanding task. The fre-
quency of MW episodes also influenced accuracy in this more difficult
condition. Regression analyses also showed a close relationship be-
tween cognitive failures due to inattention in everyday life (MW Ques-
tionnaire) and the frequency of MW episodes. The particular interest of
these findings lies in that they demonstrate the importance not only of
an age-related decline in cognitive mechanisms, and working memory
capacity in particular, but also of individual differences in cognitive
resources and non-cognitive mechanisms (e.g., emotions, personal
goals, interest in the tasks) and/or difficulties in monitoring MW,
in explaining why older adults are less likely to report MW. It is
also worth noting that this result is consistent with some studies on
younger adults that highlighted the role of mood (e.g., Smallwood,
McSpadden, et al., 2007; Smallwood, O'Connor, et al., 2007), personal
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goals (e.g. Stawarczyk et al., 2011), and beliefs about personal ability
(Mrazek et al., 2011) in MW.

Our results thus suggest an important role for working memory in
explaining both the frequency of MW episodes and performance in the
SART, but this seems to depend on the difficulty of the task. This interest-
ing relationship between working memory and the resources demanded
by a task, and especially the insignificant role of working memory in the
more demanding (semantic) SART warrants further, more detailed stud-
ies to confirm our present findings. Future studies on this phenomena
should also include non-cognitive factors to assess the relationships
emerging from the present results more thoroughly. In contrast, our
MW Questionnaire had a significant role in both the perceptive and the
semantic SART, showing a close relationship between the self-reported
measurement of intrusive thoughts and cognitive failures in everyday
life (MW Questionnaire) and MW as measured by experimental tasks
(SARTs) in our older people. These results extend to older adults the find-
ings already reported in younger populations (Cheyne et al., 2006, 2009).

In conclusion, this study found that older adults reported fewerMW
episodes than younger adults, and the content of these MW episodes
changed in relation to the age group considered: the old–old reported
proportionally fewer personal thoughts andmore task-related thoughts
than younger adults. Meanwhile, the age-related lower accuracy in
performing the tasks, and some behavioral indicators of disengagement
from the task (particularly in old–old adults) – though not necessarily
an indication of MW episodes – seemed to suggest that MW interfered
with older adults' performance. Younger adults hadmore such episodes,
but appeared to bemore aware of them and largely able to control their
mind wandering, so their performance was unaffected. Although older
adults reported experiencing fewer MW episodes, they may have
been less able to refocus on the task in hand when it became necessary
to do so, so theirMWhadmore evident detrimental effects on their per-
formance. In other words, there is probably a lower production of MW
episodes in older people, particularly in very old age, accompanied by
a weaker ability to suppress these thoughts. Given the discrepancy be-
tween performance-basedmeasures and the frequency ofMWreported
by our older adults, future studies should usemore objective procedures
(e.g., psychophysiological indices) to identify any differences between
theMWpatterns of younger and older adults that probe-basedmethods
are unable to capture (e.g., longer episodes of disengagement, difficulty
in refocusing on the task after a MW episode has occurred) and, more
importantly, the old–old adults' responses to the probe, which may be
affected by their monitoring difficulties.

Future studies could also focus on finding any differences in theMW
patterns of older versus younger adults (distinguishing between
young–old and old–old adults as in the present study), and other cogni-
tive and non-cognitivemechanisms thatmight explain the greater influ-
ence of MW on older people's performance. If this stronger influence of
intrusive thoughts in advanced old age is confirmed, it would be useful
to develop methods for containing aging adults' MW.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.actpsy.2013.10.016.
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