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Sustained engagement in mentally challenging activities has been shown to improve
memory in older adults. We hypothesized that a busy schedule would be a proxy for
an engaged lifestyle and would facilitate cognition. Here, we examined the relationship
between busyness and cognition in adults aged 50–89. Participants (N = 330) from
the Dallas Lifespan Brain Study (DLBS) completed a cognitive battery and the Martin
and Park Environmental Demands Questionnaire (MPED), an assessment of busyness.
Results revealed that greater busyness was associated with better processing speed,
working memory, episodic memory, reasoning, and crystallized knowledge. Hierarchical
regressions also showed that, after controlling for age and education, busyness
accounted for significant additional variance in all cognitive constructs—especially
episodic memory. Finally, an interaction between age and busyness was not present
while predicting cognitive performance, suggesting that busyness was similarly beneficial
in adults aged 50–89. Although correlational, these data demonstrate that living a busy
lifestyle is associated with better cognition.
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INTRODUCTION

Everyday conversation frequently touches upon the busyness of daily schedules. People discuss
their packed to-do lists and make inferences about the impact of their busy lifestyle on their health
and mental function. Often busyness carries a negative connotation, as people tend to complain
about their hectic schedules, yet, little scientific work has been done to empirically investigate the
construct of busyness and its associations. To fill this gap, the present study: (1) assesses whether
busier people tend to have better or worse cognitive performance; and (2) tests whether this
relationship with cognition varies with age.

Busyness has been defined as the subjective evaluation of one’s ongoing activity patterns,
including reflections about the quantity of one’s unscheduled time and comparisons
to what is expected or standard (see Gershuny, 2005; Levine, 2005). Martin and Park
(2003) developed a self-report assessment of day-to-day busyness in the Martin and Park
Environmental Demands Questionnaire (MPED). This questionnaire yields two scale scores
(i.e., Busyness and Routines), and the Busyness scale asks individuals to reflect upon,
for example, how frequently they have too many tasks to complete or too little time in
the day. The Busyness measure had high internal consistency and external validity, as it
was related to medication adherence, employment status, and household size. We utilize
this measure of busyness in the present study and examine its relationship to cognition.
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Given the pervasive discussion of busyness in everyday life,
it is surprising that few studies have assessed busyness. We
note that, unlike engagement, which typically bears a positive
connotation, busyness carries a more negative undertone, and,
at present, the cognitive associations of a busy lifestyle are
empirically unknown. Related literature suggests that busyness
either could be beneficial or harmful to cognition. Busyness could
be related to increased levels of stress, which can have negative
consequences on the brain and cognitive function (i.e., allostatic
load, see McEwen, 1998). For instance, stress hormones have
been shown to have negative neural impacts, with different brain
regions showing more vulnerabilities at different points in the
lifespan (for a review see Lupien et al., 2009).Moreover, stress has
been shown to narrow attention, impair working memory (i.e.,
potentially by disrupting encoding and maintenance processes),
interfere with knowledge acquisition, and degrade perceptual-
motor performance (see Staal, 2004). High stress even increased
the risk of death, although this was only true in people who
viewed stress as harmful (Keller et al., 2012). Thus, it is possible
that individuals who are very busy could have inferior cognitive
function relative to their less busy counterparts.

Alternatively, more positively, busyness could be related
to increased effortful engagement at work, home, and in
leisure activities, which can have advantageous consequences
on neural health and cognition. Recently, several studies
experimentally manipulated lifestyle engagement levels and
found benefits for intense, sustained engagement. In the Synapse
Project, productive engagement groups that learned digital
photography or quilting showed improvements in episodic
memory relative to receptive control groups that did little
new learning (Park et al., 2014), and this sustained new
learning also resulted in more efficient neural processing
(McDonough et al., 2015). An iPad training project similarly
found that prolonged engagement in learning to use an
iPad resulted in improvements in episodic memory and
processing speed (Chan et al., 2014). Moreover, participants
in the Experience Corps program improved their memory and
executive functioning after prolonged mentoring of elementary
school students (Carlson et al., 2008), and participants engaging
in the Senior Odyssey curriculum improved their processing
speed, inductive reasoning, and divergent thinking after
sustained mental engagement (Stine-Morrow et al., 2008).
Finally, theater training has also been shown to improve
memory and problem solving in older adults (Noice et al.,
2004).

In addition to these experimental manipulations of
engagement, many correlational studies report benefits of
high levels of cognitive, social, and physical activities. Benefits
include improved cognition, delayed cognitive decline, increased
longevity, and reduced risk of various diseases, including
dementias (e.g., see Christensen and Mackinnon, 1993; Glass
et al., 1999; Singh-Manoux et al., 2003; Valenzuela and Sachdev,
2007; Wilson et al., 2007; Seeman et al., 2011; Small et al., 2012).
Furthermore, greater work complexity (i.e., greater opportunity
to perform higher cognitive operations; more independent work)
has been associated with better cognition and longevity (see
Correa Ribeiro et al., 2013; Then et al., 2013; Andel et al., 2015;

Massimo et al., 2015). For instance, higher mental demand at
work was related to better cognition at baseline and a slower rate
of cognitive decline over 8 years (Then et al., 2015).

Based on these experimental and correlational findings,
if busyness serves as a proxy for intense, sustained lifestyle
engagement, then we would predict that greater busyness would
be associated with better cognition. Moreover, because busyness
has been shown to differ between middle-aged adults and older
adults (see Martin and Park, 2003), we aimed to examine if the
effects of busyness on cognition were consistent across adults
aged 50–89. It may be that the greatest effects of busyness will
be observed in older adults, who tend to have more deficiencies
in cognition compared to their younger counterparts (i.e., Park
et al., 2002), and thus, may be more sensitive to the effects
of busyness. In line with this hypothesis, some studies of
activity levels and work complexity have found larger effects
in older adults than middle-aged adults and young adults (e.g.,
Hultsch et al., 1993; Schooler et al., 1999). On the other hand,
busyness could be detrimental to cognition if it heightens stress
substantially, as prolonged stress is harmful to the central
nervous system (i.e., Lupien et al., 2009). Overall, the goal of the
current study is to examine the relationship between busyness
and cognition. We interpret our results in the context of other
relevant literature on busyness, engagement, and activity levels
and also discuss hypothetical mechanisms.

MATERIALS AND METHODS

Participants
A total of 330 participants from the Dallas Lifespan Brain Study
(DLBS) spanning ages 50–89 were included in this analysis.
The DLBS is a large-scale multi-modal assessment of cognition
and brain health, structure, and function in healthy adults. The
current sample included participants from a highly-screened,
elite cohort, as well as a second cohort with more lenient
screening criteria. The second cohort was recruited in order to
achieve a broader range in variability in various demographic
variables, including health, education, and socioeconomic status,
and this cohort has participants spanning ages 50–89. This study
was approved by the Institutional Review Board at the University
of Texas at Dallas and at University of Texas Southwestern
Medical Center. All participants provided informed written
consent in accordance with the Declaration of Helsinki. See
Table 1 for a summary of the sample.

Materials
A large neuropsychological battery was administered as part
of the DLBS. In the present analyses we assessed five
core cognitive constructs—processing speed, working memory,
episodic memory, reasoning, and crystallized knowledge. We
utilized cognitive tasks that loaded well on these constructs, as
well as assessments of age, gender, the highest level of education
completed (coded into years of education), and busyness.

Busyness
Busyness ratings were obtained from the MPED Questionnaire
(Martin and Park, 2003). Sample busyness questions include:
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TABLE 1 | Demographic characteristics of the sample, by decade.

Age N Female Male Education MMSE Shipley
group (n) (n) (years) vocab

50–59 86 52 34 15.69 28.64 33.47
60–69 99 62 37 15.77 28.45 34.49
70–79 90 55 35 15.11 28.13 34.20
80–89 55 32 23 15.87 27.55 34.05

Total 330 201 129 15.59 28.26 34.08

Note. Mean values are reported for Education, the Mini-Mental State Examination

(MMSE), and Shipley vocabulary. There were no significant differences in education

or Shipley vocabulary between ages. MMSE performance was significantly worse

in the 80s than in the other decades, ps < 0.025. MMSE performance was also

worse in 70-year-olds than 50-year-olds, p = 0.032. All of these effects fall in the

range of normal aging.

How busy are you during an average day? How often do you have
too many things to do each day to actually get them all done?
How often do you have so many things to do that you go to bed
later than your regular bedtime? Each question was answered
on a 5-point Likert scale, with higher scores indicating greater
busyness. An average busyness score was computed based on the
answers to the seven busyness questions. Martin and Park (2003)
validated this measure on a sample of 121 participants.

Processing Speed
Digit comparison
Participants viewed two strings of numbers and determined
whether they were the same or different (adapted from Salthouse
and Babcock, 1991; Hedden et al., 2002). Number strings were
either 3, 6, or 9 digits in length, and the dependent variable was
the number of items correctly compared in 45 s.

Digit symbol
Participants were given a list with a randomized set of digits.
A key at the top of the page displayed nine geometric symbols
that corresponded to a digit from 1 to 9. Participants were
asked to draw the corresponding symbol below each digit as fast
as possible (Wechsler, 1997). The dependent measure was the
number of items correctly matched in 90 s.

Working Memory
Spatial working memory
Participants viewed an array of ‘‘boxes’’ on a computer screen
and had to maintain the location of a blue token in working
memory for accurate performance. The trials varied in set
size from 3 to 8 boxes, and the dependent measure was the
additive inverse of the number of errors committed. This task
was from the Cambridge Neuropsychological Test Automated
Battery (CANTAB; Robbins et al., 1994).

Spatial recognition memory
A white square appeared on the screen at five different spatial
locations, one location at a time. Participants had to update
and maintain these spatial locations in working memory. The
dependent measure was the number of correct spatial locations
that were identified (CANTAB; Robbins et al., 1994).

Delayed match to sample
Participants viewed a complex abstract pattern for several
seconds and had to select the same pattern out of a possible
four choices either simultaneously with the target pattern,
immediately following the target pattern, or after a 12 s delay.
The dependent measure was the total number of items that were
correctly matched (CANTAB; Robbins et al., 1994).

Letter number sequencing
The experimenter read a series of letters and numbers to the
participant (e.g., 2-M-7-B). When the experimenter stopped
speaking, the participant needed to mentally rearrange the
information and to say the numbers in ascending order,
followed by the letters in alphabetical order (e.g., 2-7-B-M).
The dependent variable was the total number of items correctly
answered. This task was from the Wechsler Adult Intelligence
Scale (WAIS-III; Wechsler, 1997).

Operation span
Participants verified whether a math problem was solved
correctly and then read a word that followed the math problem.
After 2–5 of these problems had been presented, participants
wrote down all of the target words that they remembered in the
order that they were presented (Turner and Engle, 1989). The
dependent variable was the sum of the words recalled in each set
of perfectly recalled trials.

Episodic Long-Term Memory
Verbal recall memory
Participants read aloud 12 words that were presented one-at-
a-time on a computer screen. Immediately after the word list,
participants recalled as many words as possible (CANTAB;
Robbins et al., 1994).

Hopkins verbal learning
The experimenter read a list of 12 words aloud, one word every
1.5 s. The list contained four words in three semantic categories,
which were presented in random order. Three different
dependent measures were collected: (a) immediate recall,
in which participants recalled as many words as possible
immediately after hearing them, (b) delayed recall, in which
participants recalled as many words as possible after a 20-min
delay, and (c) delayed recognition, in which participants listened
to the experimenter read a list of 24 words aloud (12 target words,
6 semantically-related foils, and 6 unrelated foils) and judged
whether or not the word was originally studied. The delayed
recognition test was always given after the delayed recall test
(Brandt, 1991).

Woodcock-Johnson memory for names
Participants attempted to learn the names of novel, imaginary
space aliens in a visual-auditory paired-associate memory test
(Woodcock and Johnson, 1989). The task became progressively
more difficult as each new alien-name pair was learned.
Immediate scores reflect the total number of correct aliens
identified as participants were progressively learning more
new aliens’ names. There were 72 questions in the immediate
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recognition test, with 12 to-be-learned alien-name pairs total.
Delayed scores reflect memory performance after a 20-min delay.
There were 36 questions in the delayed recognition test, with each
alien tested three times. This assessment of episodic memory
was added after data collection on the DLBS had already begun.
Consequently, a smaller subset (n = 203) of participants has
complete data on the episodic memory construct than on the
other cognitive constructs.

Reasoning
Raven’s progressive matrices
In this reasoning task, participants viewed visual patterns and
selected a piece that best completed the given pattern (Raven
et al., 1998). There were 24 questions, and the accuracy
(percentage correct) of the given problems was used as the
dependent measure.

ETS letter sets
Out of five alternatives, participants were asked to determine
which set of letters did not follow the same pattern as the others
(Ekstrom et al., 1976). Participants had 14 min to complete a
possible 30 problems. The dependent measure was the number
of correct items minus one-fourth of the incorrect items.

Stockings of Cambridge
This is a computerized CANTAB version (Robbins et al., 1994)
of the Tower of London task. Participants had to follow a set of
rules to achieve each goal state. The number of problems solved
in the minimum number of moves was the dependent measure.

Crystallized Knowledge
ETS vocabulary
Out of five alternatives, participants selected the word that most
closely matched the meaning of the target word (Ekstrom et al.,
1976). They had 8min to answer 36 problems, and the dependent
measure was the number of items correctly answered minus one
fourth of the incorrect answers.

Shipley vocabulary
Out of four alternatives, participants selected the word that most
closely matched the meaning of the target word (Zachary and
Shipley, 1986). This was an untimed test with 40 questions. The
total number of correct items served as the dependent measure.

Procedure
As part of the DLBS, participants visited the lab to perform
cognitive sessions. The cognitive tasks were spaced over 2 days,
in a 2–3 h session each day. Participants also completed a battery
of surveys at home on an online system.

RESULTS

Busyness and Demographic
Characteristics
First, we examined whether busyness varied as a function of age,
gender, or education. A bivariate Pearson correlation revealed

that busyness decreased with age, r(328) =−0.214, p< 0.001. That
is, older adults tended to report being less busy than middle-aged
adults. Moreover, an independent samples t-test indicated that
women reported being busier than men, t(328) = 4.245, p < 0.001,
d = 0.48. Finally, assessment of the relationship between busyness
and education revealed that busier people tended to be more
highly educated, r(328) = 0.128, p = 0.020.

Busyness and Cognition
Next, to investigate the relationship between busyness and
cognition, we first created constructs of the five cognitive
domains by standardizing performance on each task and
averaging the z-scores across all tasks for a particular cognitive
measure. Construct reliability was high for all measures, as
indicated by Cronbach’s alpha: processing speed, α = 0.81,
working memory, α = 0.74, episodic memory, α = 0.78,
reasoning, α = 0.72, and crystallized knowledge, α = 0.86.

First, we assessed the nature of the relationship of busyness
and cognitive performance. We conducted bivariate correlations
between busyness and each of the five cognitive constructs.
Results consistently revealed significant positive relationships
between busyness and cognition, such that busier people
tended to have better cognitive performance. Specifically,
greater busyness was associated with faster processing speed,
r(322) = 0.264, p < 0.001, better working memory, r(324) =
0.266, p < 0.001, better episodic memory, r(201) = 0.318,
p < 0.001, better reasoning, r(300) = 0.248, p < 0.001, and
better crystallized knowledge, r(326) = 0.160, p = 0.004 (see
Figure 1). All relationships remained significant after controlling
for age: processing speed, r(321) = 0.183, p = 0.001, working
memory, r(323) = 0.184, p = 0.001, episodic memory, r(200) =
0.277, p < 0.001, reasoning, r(299) = 0.174, p = 0.002, crystallized
knowledge, r(325) = 0.179, p = 0.001 (see Figure 2).

Next, hierarchical linear regressions were run to determine if
busyness predicted significant additional variance in cognition
that was unexplained by age and education. Across all five
analyses, busyness explained significant additional variance in
cognition. Notably, busyness had the largest effect on episodic
memory, after controlling for age and education, R2 = 0.173, R2

change = 0.073, p< 0.001. Busyness also accounted for significant
additional variance in processing speed, R2 = 0.303, R2 change =
0.021, p = 0.002, working memory, R2 = 0.315, R2 change = 0.020,
p = 0.003, reasoning, R2 = 0.259, R2 change = 0.018, p = 0.007, and
crystallized knowledge, R2 = 0.198, R2 change = 0.016, p = 0.0111

(see Table 2).

Does the Relationship Between Busyness
and Cognition Vary with Age?
Finally, a series of hierarchical linear regressions were performed
to investigate if age by busyness interactions were present,

1All effects remained significant when additionally controlling for cohort.
Similarly, all effects remained significant when additionally controlling
for gender, with the exception that the effect of busyness on processing
speed became marginal, p = 0.058. When additionally controlling for both
cohort and gender, the effect of busyness on processing speed became non-
significant, p = 0.145.
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FIGURE 1 | Relationship between busyness and episodic memory, working memory, processing speed, reasoning, and crystallized knowledge in
adults aged 50–89.

which would suggest that busyness had a different effect as a
function of age. In the regression models, the effects of age
and busyness were entered, followed by the interaction term,
after controlling for education. Both age and busyness were
centered before computing the interaction. The age by busyness
interaction was not significant for any cognitive construct:
processing speed (p = 0.999), working memory (p = 0.083),
episodic memory (p = 0.490), reasoning (p = 0.203), crystallized
knowledge (p = 0.178).2 Thus, the relationship between busyness
and cognition was similar in adults aged 50–89.

2All interactions remained non-significant after additionally controlling for
both cohort and gender.

DISCUSSION

This study was conducted to examine if greater busyness
was associated with superior or inferior cognition. Analysis
of over 300 people from the DLBS revealed that greater
busyness was correlated with better cognition, with the largest
effects observed for episodic memory. Furthermore, busyness
was similarly influential in adults aged 50–89, indicating that
cognitive associations of lifestyle engagement were consistent
across this age range. Next, we discuss how our results
relate to prior literature, offer several potential mechanisms of
the observed effects, and outline future lines of research to
consider.
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FIGURE 2 | Relationship between busyness and episodic memory, working memory, processing speed, reasoning, and crystallized knowledge in
adults aged 50–89, after controlling for age.

Greater Busyness is Associated with
Superior Cognition
Although busyness is frequently discussed in everyday
conversation, little empirical work has examined the cognitive
repercussions of a busy lifestyle. Consistent with an engagement
framework, the present study revealed that higher levels of
busyness were associated with better cognition in adults aged
50–89, with the biggest effects observed for episodic memory.
Individuals who reported greater day-to-day busyness tended
to have better processing speed, working memory, episodic
memory, reasoning, and crystallized knowledge, and these
relationships persisted after controlling for age. Moreover,
hierarchical regressions demonstrated that after accounting
for variations in cognitive ability already explained by age

and education, busyness accounted for significant additional
variance in all cognitive domains. The most pronounced
effects for episodic memory parallel the findings from several
experimental engagement protocols (Carlson et al., 2008; Chan
et al., 2014; Park et al., 2014), and they are also consistent with
many correlational studies that report relationships between
participation in cognitive, social, and physical activities and
memory (e.g., Hultsch et al., 1999; Buchman et al., 2008; Seeman
et al., 2011).

We acknowledge that our analyses are correlational, and
while it is notable that busyness and cognition are related,
we are unable to determine if living a busy lifestyle improves
cognition or if smarter individuals are capable of partaking in
more activities, resulting in greater levels of busyness. This is
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TABLE 2 | Hierarchical regressions with age, education, and busyness as predictors of the five cognitive constructs.

Unstandardized Standardized

Cognitive construct Predictor B Std. Error Beta R2 R2 change Sig. F change

Processing speed Age −0.043 0.004 −0.489 0.276 0.276 <0.001
Education 0.025 0.019 0.062 0.282 0.006 0.091
Busyness 0.203 0.066 0.148 0.303 0.021 0.002

Working memory Age −0.033 0.003 −0.491 0.279 0.279 <0.001
Education 0.033 0.014 0.110 0.296 0.016 0.006
Busyness 0.150 0.050 0.144 0.315 0.020 0.003

Episodic memory Age −0.015 0.004 −0.237 0.074 0.074 <0.001
Education 0.042 0.022 0.126 0.100 0.025 0.019
Busyness 0.271 0.064 0.275 0.173 0.073 <0.001

Reasoning Age −0.032 0.004 −0.413 0.202 0.202 <0.001
Education 0.065 0.018 0.180 0.240 0.039 <0.001
Busyness 0.166 0.061 0.140 0.259 0.018 0.007

Crystallized knowledge Age 0.011 0.005 0.120 0.004 0.004 0.227
Education 0.165 0.020 0.406 0.182 0.177 <0.001
Busyness 0.184 0.072 0.131 0.198 0.016 0.011

Note. Significant independent predictors are indicated in bold font.

a drawback of all correlational studies, which has been noted
in many studies of activity levels (e.g., see Scarmeas and Stern,
2003; Small et al., 2012), yet, the association between busyness
and cognition is still worthy of attention, as it offers a rather
simple assessment of lifestyle engagement that has implications
for cognitive abilities, one that also has high relevance to everyday
life.

Our findings are consistent with studies using other measures
of engagement. With regard to assessments of activity levels,
a myriad of studies have documented significant relationships
between activity frequencies and cognitive function (for a
review see Fratiglioni et al., 2004). For example, Buchman
et al. (2008) report that higher total daily activity predicted
better perceptual speed, working memory, episodic memory,
visuospatial abilities, and semantic memory. Newson and Kemps
(2005) similarly found that greater engagement in general
lifestyle activities predicted better incidental recall, among other
cognitive processes. Furthermore, Hultsch et al. (1993) report
that greater engagement in everyday activities was related
to better working memory, episodic memory, verbal fluency,
reading comprehension, and vocabulary. And engagement in
social activities, has been shown to predict better episodic
memory and executive functioning (Seeman et al., 2011), as
well as superior cognition in general (Singh-Manoux et al.,
2003).

All of these studies relate cognitive, social, and physical
activity levels to current levels of cognition, as was done in
our present busyness analyses, yet evidence also exists for a
relationship between activity frequencies and maintenance of
cognition over time. For instance, an engaged lifestyle and
high cognitive performance at midlife predicted high cognitive
performance in old age (Schaie, 1984). Moreover, decreases in
cognitive lifestyle activities have also been shown to predict
declines in verbal speed, episodicmemory, and semanticmemory
(Small et al., 2012; see also Hultsch et al., 1999; Newson

and Kemps, 2005). Finally, older adults with more lifetime
experiences and engagement have been shown to have less
cognitive decline over time (see Pushkar Gold et al., 1995;
Arbuckle et al., 1998; Schooler and Mulatu, 2001; Zunzunegui
et al., 2003; Valenzuela and Sachdev, 2007). Future work
should examine whether busyness similarly predicts longitudinal
cognitive change. Evidently a relationship exists between
activity levels and cognition, and we add to this knowledge
by chronicling a similar relationship between busyness and
cognition.

However, not all prior studies have found such a pattern.
For instance, Wilson et al. (2003) did not find a relationship
between lifetime cognitive activities and episodic memory
or working memory in older adults. Moreover, Aartsen
et al. (2002) report that everyday social, experiential, and
developmental activities did not relate to longitudinal change
in cognition. Finally, Soubelet and Salthouse (2010) did
not find evidence for a relationship between busyness and
fluid intelligence, memory, or speed. We are unsure why
our findings differ from those reported by Soubelet and
Salthouse (2010), considering that they used the same busyness
scale and included a large sample with a broad age range.
We propose that perhaps our inclusion of a sample with more
lenient screening criteria allowed for more variability in both
busyness and cognition, which may have contributed to the
results.

Finally, although our study found that greater busyness
predicted better cognition, especially for episodic memory in
the laboratory, this does not suggest that all everyday cognitive
activities will exhibit similar benefits. Most notably, busyness
may negatively impact prospective memory (i.e., remembering
to complete tasks in the future), which was not assessed in
the present study. Prior work has shown that busier people
tend to have poorer medication adherence (Park et al., 1999;
Denhaerynck et al., 2007), and that busier people report more
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errors of prospective and retrospective memory (Gondo et al.,
2010; cf. Cuttler and Graf, 2007, who report that prospective
memory was unrelated to busyness and routines). Yet, Neupert
et al. (2011) found that, while older adults remembered to
take their medications more on days when they were less
busy, younger adults remembered to take their medications
more when they were busier. Thus, effects of busyness on
prospective memory need not follow the pattern observed
for episodic memory, and age differences may be present.
Furthermore, it is possible that busyness could induce a
state of perpetual multi-tasking/dual-tasking. Although busy
people may have improved cognition while focusing on a
single task, their busy lifestyle may increase distractibility,
resulting in worse performance in some situations. This effect
of busyness on distractibility remains to be tested. Last,
we note that high levels of busyness may limit time for
relaxation or self-reflection, both of which can have positive
benefits to the self and to cognition (e.g., Grant et al., 2002;
Galvin et al., 2006). Nevertheless, busy people may still find
opportunity for such outlets (i.e., during exercise or a commute),
but additional empirical work is needed to examine this
possibility.

Effect of Busyness was Consistent Across
Age
In this study, we also examined whether a significant interaction
was present between busyness and age while predicting
cognition—that is, whether busyness was differentially related
to cognitive performance at different ages. Results indicated
no significant interaction for any of our cognitive constructs.
Correspondingly, our data suggest that greater busyness
was similarly associated with better cognition across adults
aged 50–89. This is consistent with Buchman et al. (2008),
who report no interaction between daily activity levels, age,
gender, or education on cognition, although their study
was restricted to older adults, and with Seeman et al.
(2011) who found that social engagement was similarly
beneficial in a sample of both middle-aged and older adults.
Thus, our findings have implications for the benefits of
living an active, busy lifestyle throughout middle and late
adulthood.

Potential Mechanisms of Improved
Cognition with Busyness
We acknowledge that the correlational nature of the present
study does not allow us to definitively address mechanisms
underlying the relationship between busyness and cognition. It
is indeed possible that individuals with better cognition seek out
or are able to sustain more busy lifestyles, rather than that high
levels of busyness facilitate cognitive function. We also recognize
that an additional, unexplored factor could be contributing to
the observed association. Nevertheless, given evidence from prior
research on learning and engagement training, we consider
several possible mechanisms of how busyness could promote
cognition. These potential mechanisms can be tested with future
work.

First, prior studies have shown that new learning promotes
the retention of new neurons in the hippocampus (see Churchill
et al., 2002; Shors, 2014). Busyness may similarly increase
the opportunity for new learning, as a busy person is likely
to be exposed to more information and more types of
situations on a daily basis. According to the Gallup Poll,
people who reported experiencing high levels of stress yesterday
were more likely to also say that they learned something
interesting that day (see McGonigal, 2015). This potential
abundance of new learning in busy people may contribute
to the maintenance of new hippocampal neurons, which may
assist episodic memory. This hypothesis is consistent with
the sustained engagement findings in the Synapse project
(Park et al., 2014), as differentially greater improvements in
episodic memory were observed in individuals who partook
in digital photography or quilting training as compared
to individuals who partook in frequent social interaction,
where little new learning was required (see also Chan et al.,
2014).

Second, busyness could promote the development of neural
scaffolding and consequently facilitate cognition (Park and
Reuter-Lorenz, 2009; Reuter-Lorenz and Park, 2014). Park et al.
(2007) propose that the creation or implementation of neural
pathways that did not exist previously may be a mechanism of
engagement interventions, and a similar effect is possible for
engagement due to busyness.

Third, in a similar vein, busyness may promote the
development of cognitive reserve and brain reserve (Scarmeas and
Stern, 2003; Stern, 2009; Tucker and Stern, 2011). Living a busy
lifestyle could instill the use ofmore efficient cognitive processing
(cf. McDonough et al., 2015) by fostering better cognitive
strategies (i.e., cognitive reserve) or expanding processing
resource (i.e., neural reserve) to deal with an increased cognitive
load, which may assist with overall cognition.

Fourth, in accordance with the environmental complexity
hypothesis (Schooler, 1984), people who live busy lifestyles may
be more likely to encounter more diverse stimuli, may be
required to make more complex decisions, and may encounter
and have to solve ill-defined problems, which is theorized to
promote better cognition.

Finally, busyness may encourage the reliance on memory
strategies and aids that may assist performance. In a prospective
memory experiment, Uttl and Kibreab (2011) found that people
who reported high levels of activities and events (i.e., which
could relate to busyness) used memory strategies and aids more
frequently. Any combination of these potential mechanisms
could contribute to the effects we observed between busyness
and cognition, and additional research is needed to test specific
mechanisms experimentally.

Conclusion
We investigated whether busyness was beneficial or detrimental
to cognition in adults aged 50–89. Importantly, we document
that busier people tend to have better cognition, especially
episodic memory. Although correlational in nature, these
results are in line with an engagement framework, and they
have implications for the usefulness of engagement training
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programs. Additional experimental work should be conducted
to determine if manipulations of busyness influence cognition
in a similar manner. Overall, our findings offer encouragement
to maintain active, busy lifestyles throughout middle and late
adulthood.

AUTHOR CONTRIBUTIONS

SBF designed the study, analyzed the data, interpreted the
results, and wrote the manuscript. IMMcD offered suggestions
for analyses, helped interpret the results, and also critically edited
the manuscript. DCP designed the study, helped interpret the
results, and critically edited the manuscript. All authors approve

the final version of the manuscript and agree to be accountable
for the content of the work.

FUNDING

This study was supported by NIH Grant 5R37AG-006265-29
awarded to DCP. SBF is supported by the Aging Mind
Foundation.

ACKNOWLEDGMENTS

Portions of these data were presented at the Psychonomic
Society’s 56th Annual Meeting in Chicago (November 2015).

REFERENCES

Aartsen, M. J., Smits, C. H. M., Van Tilburg, T., Knipscheer, K. C. P. M.,
and Deeg, D. J. H. (2002). Activity in older adults: cause or consequence
of cognitive functioning? A longitudinal study on everyday activities and
cognitive performance in older adults. J. Gerontol. B Psychol. Sci. Soc. Sci. 57,
153–162. doi: 10.1093/geronb/57.2.p153

Andel, R., Silverstein, M., and Kareholt, I. (2015). The role of midlife occupational
complexity and leisure activity in late-life cognition. J. Gerontol. B. Psychol. Sci.
Soc. Sci. 70, 314–321. doi: 10.1093/geronb/gbu110

Arbuckle, T. Y., Maag, U., Pushkar, D., and Chaikelson, J. S. (1998). Individual
differences in trajectory of intellectual development over 45 years of adulthood.
Psychol. Aging 13, 663–675. doi: 10.1037/0882-7974.13.4.663

Brandt, J. (1991). The hopkins verbal learning test: development of a new
memory test with six equivalent forms. Clin. Neuropsychol. 5, 125–142. doi: 10.
1080/13854049108403297

Buchman, A. S., Wilson, R. S., and Bennett, D. A. (2008). Total daily activity
is associated with cognition in older persons. Am. J. Geriatr. Psychiatry 16,
697–701. doi: 10.1097/jgp.0b013e31817945f6

Carlson, M. C., Saczynski, J. S., Rebok, G. W., Seeman, T., Glass,
T. A., Mcgill, S., et al. (2008). Exploring the effects of an ‘‘everyday’’
activity program on executive function and memory in older adults:
Experience Corps. Gerontologist 48, 793–801. doi: 10.1093/geront/
48.6.793

Chan, M. Y., Haber, S., Drew, L. M., and Park, D. C. (2014). Training older adults
to use tablet computers: does it enhance cognitive function? Gerontologist
doi: 10.1093/geront/gnu057

Christensen, H., and Mackinnon, A. (1993). The association between mental,
social and physical activity and cognitive performance in young and old
subjects. Age Ageing 22, 175–182. doi: 10.1093/ageing/22.3.175

Churchill, J. D., Galvez, R., Colcombe, S., Swain, R. A., Kramer, A. F., and
Greenough, W. T. (2002). Exercise, experience and the aging brain. Neurobiol.
Aging 23, 941–955. doi: 10.1016/s0197-4580(02)00028-3

Correa Ribeiro, P. C., Lopes, C. S., and Lourenco, R. A. (2013). Complexity of
lifetime occupation and cognitive performance in old age. Occup Med (Lond)
63, 556–562. doi: 10.1093/occmed/kqt115

Cuttler, C., and Graf, P. (2007). Personality predicts prospective memory task
performance: An adult lifespan study. Scand. J. Psychol. 48, 215–231. doi: 10.
1111/j.1467-9450.2007.00570.x

Denhaerynck, K., Steiger, J., Bock, A., Schafer-Keller, P., Kofer, S.,
Thannberger, N., et al. (2007). Prevalence and risk factors of non-
adherence with immunosuppressive medication in kidney transplant
patients. Am. J. Transplant 7, 108–116. doi: 10.1111/j.1600-6143.2006.
01611.x

Ekstrom, R. B., French, J. W., Harman, H. H., and Dermen, D. (1976).Manual for
Kit of Factor-Referenced Cognitive Tests. Princeton, NJ: Educational Testing
Service.

Fratiglioni, L., Paillard-Borg, S., and Winblad, B. (2004). An active and socially
integrated lifestyle in late life might protect against dementia. Lancet Neurol. 3,
343–353. doi: 10.1016/s1474-4422(04)00767-7

Galvin, J. A., Benson, H., Deckro, G. R., Fricchione, G. L., and Dusek, J. A. (2006).
The relaxation response: reducing stress and improving cognition in healthy
aging adults. Complement Ther. Clin. Pract. 12, 186–191. doi: 10.1016/j.ctcp.
2006.02.004

Gershuny, J. (2005). Busyness as the badge of honor for the new superordinate
working class. Soc. Res. 72, 287–314.

Glass, T. A., Mendes De Leon, C., Marottoli, R. A., and Berkman, L. F. (1999).
Population based study of social and productive activities as predictors of
survival among elderly Americans. BMJ 319, 478–483. doi: 10.1136/bmj.319.
7217.1130

Gold, D. P., Andres, D., Etezadi, J., Arbuckle, T., Schwartzman, A., and
Chaikelson, J. (1995). Structural equation model of intellectual change and
continuity and predictors of intelligence in older men. Psychol. Aging 10,
294–303.

Gondo, Y., Renge, N., Ishioka, Y., Kurokawa, I., Ueno, D., and Rendell, P.
(2010). Reliability and validity of the prospective and retrospective memory
questionnaire (PRMQ) in young and old people: A Japanese study. Jpn. Psychol.
Res. 52, 175–185. doi: 10.1111/j.1468-5884.2010.00433.x

Grant, A. M., Franklin, J., and Langford, P. (2002). The self-reflection and insight
scale: A new measure of private self-consciousness. J. Soc. Behav. 30, 821–836.
doi: 10.2224/sbp.2002.30.8.821

Hedden, T., Park, D. C., Nisbett, R., Ji, L.-J., Jing, Q., and Jiao, S. (2002).
Cultural variation in verbal versus spatial neuropsychological function
across the life span. Neuropsychology 16, 65–73. doi: 10.1037/0894-4105.
16.1.65

Hultsch, D. F., Hammer, M., and Small, B. J. (1993). Age differences in cognitive
performance in later life: relationships to self-reported health and activity life
style. J. Gerontol. 48, P1–P11. doi: 10.1093/geronj/48.1.p1

Hultsch, D. F., Hertzog, C., Small, B. J., and Dixon, R. A. (1999). Use it or lose
it: engaged lifestyle as a buffer of cognitive decline in aging? Psychol. Aging 14,
245–263. doi: 10.1037/0882-7974.14.2.245

Keller, A., Litzelman, K., Wisk, L. E., Maddox, T., Cheng, E. R., Creswell,
P. D., et al. (2012). Does the perception that stress affects health matter? The
association with health and mortality. Health Psychol. 31, 677–684. doi: 10.
1037/a0026743

Levine, R. (2005). A geography of busyness. Soc. Res. 72, 355–370.
Lupien, S. J., Mcewen, B. S., Gunnar, M. R., and Heim, C. (2009). Effects of

stress throughout the lifespan on the brain, behaviour and cognition. Nat. Rev.
Neurosci. 10, 434–445. doi: 10.1038/nrn2639

Martin, M., and Park, D. C. (2003). TheMartin and Park Environmental Demands
(MPED) Questionnaire: psychometric properties of a brief instrument to
measure self-reported environmental demands.Aging Clin. Exp. Res. 15, 77–82.
doi: 10.1007/bf03324483

Massimo, L., Zee, J., Xie, S. X., Mcmilan, C. T., Rascovsky, K., Irwin, D. J.,
et al. (2015). Occupational attainment influences survival in autopsy-confirmed
frontotemporal degeneration. Neurology 84, 2070–2075. doi: 10.1212/wnl.
0000000000001595

McDonough, I. M., Haber, S., Bischof, G. N., and Park, D. C. (2015). The
synapse project: engagement in mentally challenging activities enhances neural
efficiency. Restor. Neurol. Neurosci. 33, 865–882. doi: 10.3233/rnn-150533

Frontiers in Aging Neuroscience | www.frontiersin.org 9 May 2016 | Volume 8 | Article 98

http://www.frontiersin.org/Aging_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Aging_Neuroscience/archive


Festini et al. Busyness and Cognition

McEwen, B. S. (1998). Stress, adaptation and disease: allostasis and allostatic load.
Ann. N Y Acad. Sci. 840, 33–44. doi: 10.1111/j.1749-6632.1998.tb09546.x

McGonigal, K. (2015). The Upside of Stress: Why Stress Is Good for You, and How
to Get Good at It. New York, NY: Avery.

Neupert, S. D., Patterson, T. R., Davis, A. A., and Allaire, J. C. (2011). Age
differences in daily predictors of forgetting to take medication: the importance
of context and cognition. Exp. Aging Res. 37, 435–448. doi: 10.1080/0361073x.
2011.590757

Newson, R. S., and Kemps, E. B. (2005). General lifestyle activities as a predictor of
current cognition and cognitive change in older adults: A cross-sectional and
longitudinal examination. J. Gerontol. B Psychol. Sci. Soc. Sci. 60, P113–P120.
doi: 10.1093/geronb/60.3.p113

Noice, H., Noice, T., and Staines, G. (2004). A short-term intervention to enhance
cognitive and affective functioning in older adults. J. Aging Health 16, 562–585.
doi: 10.1177/0898264304265819

Park, D. C., Gutchess, A. H., Meade, M. L., and Stine-Morrow, E. A. L. (2007).
Improving cognitive function in older adults: nontraditional approaches.
J. Gerontol. B Psychol. Sci. Soc. Sci. 62, 45–52. doi: 10.1093/geronb/62.
special_issue_1.45

Park, D. C., Hertzog, C., Leventhal, H., Morrell, R. W., Leventhal, E.,
Birchmore, D., et al. (1999). Medication adherence in rheumatoid arthritis
patients: older is wiser. J. Am. Geriatr. Soc. 47, 172–183. doi: 10.1111/j.1532-
5415.1999.tb04575.x

Park, D. C., Lautenschlager, G., Hedden, T., Davidson, N. S., Smith, A. D.,
and Smith, P. K. (2002). Models of visuospatial and verbal memory across
the adult life span. Psychol. Aging 17, 299–320. doi: 10.1037/0882-7974.
17.2.299

Park, D. C., Lodi-Smith, J., Drew, L., Haber, S., Hebrank, A., Bischof, G. N.,
et al. (2014). The impact of sustained engagement on cognitive function
in older adults: The Synapse Project. Psychol. Sci. 25, 103–112. doi: 10.
1177/0956797613499592

Park, D. C., and Reuter-Lorenz, P. A. (2009). The adaptive brain: aging
and neurocognitive scaffolding. Annu. Rev. Psychol. 60, 173–196. doi: 10.
1146/annurev.psych.59.103006.093656

Raven, J., Raven, J. C., and Court, J. H. (1998). Manual for Raven’s Progressive
Matrices and Vocabulary Scales. San Antonio, TX: Harcourt Assessment.

Reuter-Lorenz, P. A., and Park, D. C. (2014). How does it STAC up? Revisiting
the scaffolding theory of aging and cognition. Neuropsychol. Rev. 24, 355–370.
doi: 10.1007/s11065-014-9270-9

Robbins, T. W., James, M., Owen, A. M., Sahakian, B. J., Mcinnes, L., and Rabbitt,
P. (1994). Cambridge neuropsychological test automated battery (CANTAB): A
factor analytic study of a large sample of normal elderly volunteers. Dementia
5, 266–281. doi: 10.1159/000106735

Salthouse, T. A., and Babcock, R. L. (1991). Decomposing adult age differences
in working memory. Dev. Psychol. 27, 763–776. doi: 10.1037/0012-1649.
27.5.763

Scarmeas, N., and Stern, Y. (2003). Cognitive reserve and lifestyle. J. Clin. Exp.
Neuropsychol. 25, 625–633. doi: 10.1076/jcen.25.5.625.14576

Schaie, K. W. (1984). Midlife influences upon intellectual functioning in old age.
Int. J. Behav. Dev. 7, 463–478. doi: 10.1177/016502548400700405

Schooler, C. (1984). Psychological effects of complex environments during the
life span: A review and theory. Intelligence 8, 259–281. doi: 10.1016/0160-
2896(84)90011-4

Schooler, C., and Mulatu, M. S. (2001). The reciprocal effects of
leisure time activities and intellectual functioning in older people: A
longitudinal analysis. Psychol. Aging 16, 466–482. doi: 10.1037/0882-7974.
16.3.466

Schooler, C., Mulatu, M. S., and Oates, G. (1999). The continuing effects of
substantively complex work on the intellectual functioning of older workers.
Psychol. Aging 14, 483–506. doi: 10.1037/0882-7974.14.3.483

Seeman, T. E., Miller-Martinez, D. M., Stein Merkin, S., Lachman, M. E., Tun,
P. A., and Karlamangla, A. S. (2011). Histories of social engagement and adult
cognition: midlife in the U. S. study. J. Gerontol. B. Psychol. Sci. Soc. Sci. 66,
i141–i152. doi: 10.1093/geronb/gbq091

Shors, T. J. (2014). The adult brainmakes new neurons and effortful learning keeps
them alive. Curr. Dir. Psychol. 23, 311–318. doi: 10.1177/0963721414540167

Singh-Manoux, A., Richards, M., and Marmot, M. (2003). Leisure activities and
cognitive function in middle age: evidence from the Whitehall II study. J.
Epidemiol. Community Health 57, 907–913. doi: 10.1136/jech.57.11.907

Small, B. J., Dixon, R. A., Mcardle, J. J., and Grimm, K. J. (2012). Do changes
in lifestyle engagement moderate cognitive decline in normal aging? Evidence
from the Victoria Longitudinal Study. Neuropsychology 26, 144–155. doi: 10.
1037/a0026579

Soubelet, A., and Salthouse, T. (2010). The role of activity engagement in the
relations between openness/intellect and cognition. Pers. Individ. Dif. 49,
896–901. doi: 10.1016/j.paid.2010.07.026

Staal, M. A. (2004). Stress, Cognition andHuman Performance: A Literature Review
and Conceptual Framework. (NASA Technical Memorandum 212824). Moffett
Field, CA: NASA Ames Research Center.

Stern, Y. (2009). Cognitive reserve. Neuropsychologia 47, 2015–2028. doi: 10.
1016/j.neuropsychologia.2009.03.004

Stine-Morrow, E. A. L., Parisi, J. M., Morrow, D. G., and Park, D. C. (2008). The
effects of an engaged lifestyle on cognitive vitality: A field experiment. Psychol.
Aging 23, 778–786. doi: 10.1037/a0014341

Then, F. S., Luck, T., Luppa, M., König, H.-H., Angermeyer, M. C., and Riedel-
Heller, S. G. (2015). Differential effects of enriched environment at work
on cognitive decline in old age. Neurology 84, 2169–2176. doi: 10.1212/wnl.
0000000000001605

Then, F. S., Luppa, M., Schroeter, M. L., Konig, H. H., Angermeyer, M. C., and
Riedel-Heller, S. G. (2013). Enriched environment at work and the incidence
of dementia results of the Leipzig longitudinal study of the aged (LEILA 75+).
PLoS One 8:e70906. doi: 10.1371/journal.pone.0070906

Tucker, A.M., and Stern, Y. (2011). Cognitive Reserve in Aging.Current Alzheimer
Research 8, 354–360. doi: 10.2174/156720511795745320

Turner, M. L., and Engle, R. W. (1989). Is working memory capacity task
dependent? J. Mem. Lang. 28, 127–154.

Uttl, B., and Kibreab, M. (2011). Self-report measures of prospective memory are
reliable but not valid. Can. J. Exp. Psychol. 65, 57–68. doi: 10.1037/a0022843

Valenzuela, M. J., and Sachdev, P. (2007). Assessment of complex mental activity
across the lifespan development of the lifetime of experiences questionnaire
(LEQ). Psychol. Med. 37, 1015–1025. doi: 10.1017/s003329170600938x

Wechsler, D. (1997).WAIS-III Administration and Scoring Manual. San Antonio,
TX: The Psychological Corporation.

Wilson, R. S., Barnes, L. L., and Bennett, D. A. (2003). Assessment of lifetime
participation in cognitively stimulating activities. J. Clin. Exp. Neuropsychol. 25,
634–642. doi: 10.1076/jcen.25.5.634.14572

Wilson, R. S., Scherr, P. A., Schneider, J. A., Tang, Y., and Bennett, D. A. (2007).
Relation of cognitive activity to risk of developing Alzheimer disease.Neurology
69, 1911–1920. doi: 10.1212/01.wnl.0000271087.67782.cb

Woodcock, R. W., and Johnson, M. B. (1989). Woodcock Johnson Test of
Achievement. Rolling Meadows, IL: The Riverside Publishing Company.

Zachary, R. A., and Shipley, W. C. (1986). Shipley Institute of Living Scale: Revised
Manual. Los Angeles, CA: Western Psychological Services.

Zunzunegui, M.-V., Alvarado, B. E., Del Ser, T., and Otero, A. (2003). Social
networks, social integration and social engagement determine cognitive decline
in community-dwelling Spanish older adults. J. Gerontol. B Psychol. Sci. Soc. Sci.
58, S93–S100. doi: 10.1093/geronb/58.2.s93

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2016 Festini, McDonough and Park. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution and reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

Frontiers in Aging Neuroscience | www.frontiersin.org 10 May 2016 | Volume 8 | Article 98

http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Aging_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Aging_Neuroscience/archive


© 2016. This work is licensed under
http://creativecommons.org/licenses/by/4.0/ (the “License”).  Notwithstanding
the ProQuest Terms and Conditions, you may use this content in accordance

with the terms of the License.


	The Busier the Better: Greater Busyness Is Associated with Better Cognition
	INTRODUCTION
	MATERIALS AND METHODS
	Participants
	Materials
	Busyness
	Processing Speed
	Working Memory
	Episodic Long-Term Memory
	Reasoning
	Crystallized Knowledge

	Procedure

	RESULTS
	Busyness and Demographic Characteristics
	Busyness and Cognition
	Does the Relationship Between Busyness and Cognition Vary with Age?

	DISCUSSION
	Greater Busyness is Associated with Superior Cognition
	Effect of Busyness was Consistent Across Age
	Potential Mechanisms of Improved Cognition with Busyness
	Conclusion

	AUTHOR CONTRIBUTIONS
	FUNDING
	ACKNOWLEDGMENTS
	REFERENCES


