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A B S T R A C T

Background: How professionals organise their working day — how often they are interrupted, when they take
breaks, whether they move, how they learn and how they use generative AI —may affect cognitive performance
as much as sleep or stress. The evidence for these working practices is scattered across laboratory, field and
cohort research.
Methods: This evidence-graded narrative review drew on meta-analyses, randomised and field experiments,
large cohorts and Mendelian randomisation studies. Each component was graded on four levels (STRONG,
MODERATE, LIMITED-EMERGING, NULL-CONTRADICTED) across three horizons: performance (hours
to days), short-term maintenance (days to weeks) and long-term maintenance (years to decades).
Results: Task switching carried a robust cost (STRONG, laboratory), and interruptions lasting only seconds
multiplied errors (MODERATE). Micro-breaks raised vigour (d 0.36) and reduced fatigue (d 0.35) but did not
reliably improve performance. A single moderate bout of exercise produced a small, short-lived cognitive lift
(SMD 0.33 uncorrected; g 0.13 after bias correction), and walking raised divergent thinking (d 0.93) but not
analytical problem-solving; exercising while typing impaired fine-motor work. Generative AI made profession-
als 40% faster with 18% higher quality on well-defined writing tasks, but reduced accuracy on tasks outside its
capability, and answer-giving AI impaired learning unless designed to give hints. Retrieval practice (g 0.50)
and spacing were the strongest learning habits (STRONG). Cardiorespiratory fitness, daily steps, cognitively
stimulating work and social connection were associated with better long-term brain health (MODERATE asso-
ciation), but long-lag and Mendelian randomisation analyses did not support a causal effect of activity volume
on dementia.
Conclusions: The best-supported practices protect attention from fragmentation, use breaks and movement for
energy rather than as performance boosters, pair AI use with verification, and build learning on retrieval and spac-
ing. Long-term associations are real but modest and mostly observational. Trials in working-age professionals
and founders are needed.

1. Introduction
Most discussions of cognitive performance at work focus on
sleep, stress and diet. Yet the way a working day is organ-
ised — how often attention is fragmented, how breaks are
used, whether people move, how they learn new material, and
how they use generative AI — is more directly under a pro-
fessional’s control and is the main target of productivity tools
and workplace programmes.
Advice in this area is often confident and specific: work

in 25-minute or 90-minute blocks, take a walk to think better,
never multitask, or let AI handle routine work. Some of this
advice is well supported; some rests on single studies, student
samples or figures that cannot be traced to a primary source.
This review grades the peer-reviewed evidence for working

practices, physical activity during and around work, learning
strategies, social and cognitive engagement, and generative AI
as determinants of cognitive performance and its maintenance
in working adults. It is one of three companion reviews; the
others cover sleep, stress and recovery, and popular cognitive-
enhancement claims (companion reviews, in preparation).

* Corresponding author. E-mail address: founder@adarna.us (V. Kan-
nan).

2. Methods
2.1 Design
This is an evidence-graded narrative review. It was not con-
ducted as a systematic review, and no protocol was registered.

2.2 Scope
The review covered behavioural components of work and
learning: task switching, interruptions and digital distraction;
breaks and work rhythms; working hours; the audio environ-
ment; physical activity, fitness and sitting; generative AI and
cognitive offloading; learning strategies; and social connec-
tion, purpose and cognitively stimulating work. Environmen-
tal exposures, substances, supplements and medical risk fac-
tors were out of scope.

2.3 Search and selection
Sources were identified through searches of
PubMed/MEDLINE and of publisher and citation databases
accessed through Digital Object Identifiers (DOIs), which
also captured management, economics and human–computer
interaction journals and refereed conference proceedings that
are not indexed in PubMed. Searches combined terms for
each component listed in Section 2.2 with terms for cognitive
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outcomes (for example cognition, attention, working memory,
memory, creativity, cognitive decline and dementia) and for
study design (meta-analysis, systematic review, randomised
controlled trial, cohort and Mendelian randomisation). Only
English-language publications were included. The author
selected and graded the evidence, with assistance from AI
tools (Section 2.7). The final reference list comprises 226
sources published between 1982 and 2026, of which at least
184 are indexed in PubMed.
Priority was given to meta-analyses and umbrella reviews,

randomised controlled trials (RCTs), field experiments, large
prospective cohorts and Mendelian randomisation (MR) stud-
ies, with working-age samples preferred where they existed.
This review is part of a programme of three companion re-
views that drew on 17 topic-specific evidence summaries
covering several hundred peer-reviewed sources, including a
small number of refereed conference papers.

2.4 Verification of figures
Every quantitative figure was checked against the abstract or
full text of its primary source. Figures that could not be ver-
ified against a primary source — for example, numbers re-
ported only in press releases or effect sizes seen only in sec-
ondary summaries — were excluded.

2.5 Evidence grading
Each component was graded on a four-level scale:
• STRONG: several consistent meta-analyses or RCTs.
• MODERATE: one good meta-analysis, or consistent large
cohorts or trials.

• LIMITED-EMERGING: single or small studies, or indi-
rect or conflicting evidence.

• NULL-CONTRADICTED:well-powered tests or replica-
tions failed.
Where the evidence fitted none of these levels, a plain de-

scriptor is used (“unsupported”, “untested”, “conflicting” or
“no direct evidence”). Where association and causation di-
verge, both grades are given.

2.6 Time horizons and effect sizes
Horizons are PERFORMANCE (hours to days, including
learning), M-SHORT (days to weeks) and M-LONG (years
to decades). Effect sizes are standardised differences (SMD,
d or g; about 0.2 is small and 0.5 medium) or hazard, risk and
odds ratios as reported by the source studies.

2.7 Use of AI tools
Generative AI tools, including Claude (Anthropic), were used
in part to assist with identifying and summarising literature,
structuring the manuscript, preparing figures and editing lan-
guage. The author reviewed all AI-assisted content, checked
every claim, figure and reference against the primary sources,
and takes full responsibility for the content of this article. AI
tools are not listed as authors.

3. Results
3.1 The evidence base
Working-age evidence in this area is more plentiful than for
long-term brain health, but uneven. Laboratory studies of
task switching and learning mostly involve students; field ev-
idence comes from clinicians, nurses, office workers, consul-

tants, customer-support agents and software developers; and
long-term findings on activity, fitness and social connection
come mostly from cohorts recruited in midlife or later, such
as Whitehall II [1], CARDIA [2] and UK Biobank {del Pozo
Cruz 2022}. Founder-specific evidence is limited to a study
of 203 entrepreneurs [3], a study of 377 small-business owner-
managers [4] and a field experiment in Kenyan entrepreneurs
[5]. Reverse causation is a recurring problem for long-horizon
claims: across 19 cohorts, physical inactivity predicted de-
mentia only when measured less than 10 years before diag-
nosis [6]. Long-horizon findings are therefore described as
associations unless trials or MR studies say more.

3.2 Task switching and interruptions carry reliable costs
Switching between tasks has a robust time and error cost
that grows with task complexity and is only partly removed
by preparation [7,8] — STRONG (laboratory, PERFOR-
MANCE) — and only 2.5% of 200 people multitasked in a
driving simulator without decrement [9]. The popular “mul-
titasking costs 40% of productivity” and “23 minutes to refo-
cus” figures were not found in the abstracts or summaries of
the peer-reviewed sources they are attributed to and should be
treated as unverified [8,10,11]. Interruptions averaging only
2.8 seconds doubled, and 4.4 seconds tripled, sequence er-
rors in a place-keeping task [12]; in 98 hospital nurses each
interruption was associated with a 12.7% increase in clinical
errors [13]; and interrupted participants finished tasks faster,
with no difference in quality, but reported more stress, frustra-
tion, time pressure and effort [11]—MODERATE (PERFOR-
MANCE). Attention left on an unfinished task impairs the next
one, and a brief written “ready-to-resume” plan reduced that
residue in experiments [14] and in a four-day field study of 50
employees, where it also weakened the link from residue to
exhaustion [15] — LIMITED-EMERGING.

3.3 Phones, notifications, email and mind-wandering
Phones matter through what they do, not their mere pres-
ence. A notification disrupted an attention task even when
ignored [16]; a week with alerts off reduced self-reported inat-
tention in 221 adults [17]; and batching notifications three
times a day improved attentiveness, mood and stress in a ran-
domised field experiment of 237 people, while turning them
off entirely raised anxiety and fear of missing out [18] —
LIMITED-EMERGING toMODERATE. A preregistered ran-
domised trial in 467 adults (mean age 32) found that block-
ing mobile internet for two weeks improved objectively mea-
sured sustained attention, although only a quarter fully com-
plied [19] (LIMITED-EMERGING). The “brain drain” from
a phone merely sitting on the desk failed direct and concep-
tual replications [20] and survives in meta-analysis only as
a small working-memory effect (memory g −0.23 [21,22]).
Trait media multitasking has a weak link to distractibility
that shrinks after small-study correction [23] (LIMITED, con-
tested). Among 40 information workers, more daily email
time went with lower rated productivity and higher measured
stress, and batching email showed no stress benefit [24]; cut-
ting email entirely for five days lowered heart-rate-measured
stress in 13 workers [25] — LIMITED-EMERGING. Minds
wander about 34.5% of waking time [26], more so as time
on task grows (individual-participant meta-analysis of more
than 10,000 people [27]), with worse performance on complex
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tasks [28]—MODERATE association; in employees, moving
from a boring to a meaningful task interrupted the boredom→
mind-wandering→ lost-productivity spillover [29].

3.4 Time on task and decision fatigue
Performance declines over a sustained session in the labora-
tory (the vigilance decrement [30]) — MODERATE. In the
field, decision quality in professionals sometimes drifts as ses-
sions wear on: clinicians’ odds of prescribing antibiotics rose
to 1.26 by the fourth hour of a session across 21,867 visits
[31]; orthopaedic surgeons’ odds of scheduling an operation
fell 10.5%with each additional appointment [32]; sell-side an-
alysts’ accuracy fell and their use of heuristics rose with the
number of forecasts already issued that day [33]; executives’
earnings-call tone grew more negative through the day [34];
and hand-hygiene compliance in 4,157 caregivers fell 8.7 per-
centage points across 12-hour shifts and recovered after longer
breaks, though the outcome is rule compliance rather than cog-
nition and evidence that longer breaks restore working adults’
cognitive performance remains LIMITED [35]. But a pre-
registered review of 82 healthcare studies found significant
decision-fatigue effects in only 45% of quantitative tests [36],
large 2026 datasets were null for test ordering and antibiotics
[37], and the famous “hungry judges” parole study is partly
a scheduling artefact [38]. Grade: LIMITED-EMERGING
to MODERATE association (PERFORMANCE) — schedule
high-stakes decisions early in a session or after a break, with-
out promising a measured gain. The ego-depletion mecha-
nism behind “you have a daily decision budget” is NULL-
CONTRADICTED (three preregisteredmulti-lab replications,
d 0.04, 0.06 and 0.10 [39–41]).

3.5 Breaks restore vigour more than output
Micro-breaks of 10 minutes or less raised vigour (d 0.36) and
reduced fatigue (d 0.35), but did not significantly improve
overall performance (d 0.16, p = 0.116) except on less demand-
ing tasks, and longer breaks gave larger performance boosts in
meta-regression [42] — MODERATE for vigour and fatigue
(M-SHORT), NULL-to-LIMITED for performance. Break
content matters: relaxation and social micro-breaks buffered
work demands in 86 office workers, while “cognitive” breaks
such as browsing aggravated them [43]; 15-minute lunchtime
park walks and relaxation exercises improved self-rated after-
noon concentration and fatigue in employees [44]; and relax-
ing, autonomously chosen lunch breaks reduced end-of-day
fatigue [45] — LIMITED-EMERGING. Fixed formulas are
not supported: three small student experiments of Pomodoro-
style breaks (24/6 or 25/5) found no performance differences
and mixed mood effects [46–48] — LIMITED/mixed — and
no peer-reviewed study shows that working in 90-minute “ul-
tradian” blocks improves performance (the idea traces to a hy-
pothesis paper [49]). If-then implementation intentions are
among the best-replicated self-regulation tools (d .27–.66 for
goal attainment across 642 tests [50]) — STRONG, but as a
behaviour-change enabler rather than a determinant of cogni-
tive capacity; making a specific plan for unfinished goals elim-
inated their intrusive interference in student experiments [51]
(LIMITED-EMERGING), and in employees unfinished tasks
were associated with more work-related thoughts during off-
job time (ρ .38 [52]).

3.6 Long working hours
Working 55 or more hours a week (versus 35–40) is associ-
ated with higher stroke incidence (RR 1.35; rated “sufficient
evidence of harmfulness” by the WHO/ILO [53]) with a dose-
response from 49 hours [54]— amedical outcome, so its brain
relevance is an inference. The cognitive evidence is weaker
and mixed: in 2,214 Whitehall II civil servants, more than 55
hours a week predicted decline in reasoning over five years
[55]; a Danish cohort found no higher dementia risk at 45 or
more hours [56]; and a Korean cohort was null overall but
showed HR 1.50 in women [57] — LIMITED-EMERGING
(mixed) (M-LONG). Long hours were associated with new de-
pressive symptoms (OR 1.14 overall; 1.50 in Asia, 1.11 in Eu-
rope, null in North America and Australia [58]), call-centre
agents became less productive as their hours rose [59], and
in a non-randomised study of 2,896 employees in 141 organ-
isations a four-day week without pay cuts reduced burnout,
fatigue and sleep problems [60] (LIMITED-EMERGING, M-
SHORT). A widely cited 2025 pilot found larger, not smaller,
regional brain volumes in overworked healthcare workers and
cannot be read as harm [61]. A weekly-hours flag around 55
hours is defensible as a recovery and burnout signal, not as
proven cognitive damage.

3.7 The audio environment
Background speech and lyrics reliably impair reading and ver-
bal memory: across 65 studies, music lowered reading com-
prehension by g−0.19 and intelligible speech by−0.26, with
lyrical music about as disruptive as speech and more disrup-
tive than instrumental music [62]; lyrics hindered verbal mem-
ory and reading comprehension by about d −0.3 while in-
strumental lo-fi music had no credible effect [63]; and lik-
ing the music did not protect serial recall [64] — STRONG
for reading and verbal memory (PERFORMANCE). Music
generally impaired difficult tasks and introverts, with null ef-
fects in most cases [65] (MODERATE), whereas self-selected
music reduced mind-wandering and increased task focus in
low-demand vigilance tasks, mediated by arousal and mood
[66,67]—LIMITED-EMERGING. In employees, an inverted
U between music hours and self-rated performance suggests
diminishing returns [68], and imposed workplace music that
did not fit employees’ needs increased cognitive depletion
[69] — LIMITED-EMERGING; user control matters. For
recovery after acute stress, music had no significant effect
in healthy adults (g 0.15, 14 RCTs [70]), even though mu-
sic interventions reduce stress in mostly clinical settings (d
0.38–0.55 [71]); two systematic reviews support music as a
countermeasure to mental fatigue in small laboratory sam-
ples [72,73]— LIMITED-EMERGING toMODERATE. The
Mozart-specific effect does not survive: spatial gains after mu-
sic vanished once arousal and mood were controlled [74] and
a 2023 multiverse meta-analysis attributes it to low power and
bias [75] — NULL-CONTRADICTED (provisional). Binau-
ral “focus beats” show pooled effects of g 0.40–0.45 in small
heterogeneous studies [76,77], but a careful multi-experiment
study found “rather strong evidence against” an effect on sus-
tained attention [78] and EEG entrainment is inconsistent [79]
— LIMITED/contested, trending NULL for vigilance.

Music with added amplitude modulation, marketed as “fo-
cus music”, has early evidence from a single research pro-
gramme in which the behavioural benefit appeared only early
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in the testing session; it is graded LIMITED-EMERGING in
the companion review on cognitive-enhancement claims [80].

3.8 A single bout of exercise gives a short-lived lift, not an
all-day boost
A single bout of exercise reliably improves cognition after-
wards, but the effect is small. A meta-review of 30 meta-
analyses (383 studies, 18,347 participants) puts it at SMD0.33,
with point estimates for attention (0.37) and executive func-
tion (0.36) above memory (0.23) and information processing
(0.20), although the authors describe the benefit as general
across domains [81]. That figure pools estimates not corrected
for publication bias; a bias-corrected Bayesian meta-analysis
of 113 studies in young adults gives g 0.13 [82], so the realistic
range is about 0.1–0.35. The US Physical Activity Guidelines
committee rated the evidence for transient post-exercise bene-
fits as strong [83] — STRONG for existence, small magnitude
(PERFORMANCE). The dose is unsettled. High-intensity ex-
ercise adds nothing over moderate (d 0.07) [84]. The foun-
dational 79-study meta-analysis (overall g 0.097) found that
bouts of 10 minutes or less gave no benefit, that 11–20 min-
utes of exercise impaired cognition tested during the session,
and concluded that “at least 20 min of exercise is necessary to
see effects”; its timing results are internally inconsistent (one
analysis found benefit only within about 15 minutes of finish-
ing, another a dip in the first 10 minutes and a peak 11–20
minutes after), so it supports a short-lived benefit rather than
a precise window [85]. The 2025 meta-review found that dura-
tion and intensity did not moderate the effect and that benefits
were largest when cognition was tested after rather than dur-
ing exercise [81], and single trials show benefits up to about
50 minutes [86]. The defensible prescription is a moderate
bout of roughly 20 minutes or more, finished shortly before
demanding work, with no provenminimum. Gains were larger
in people who started out performing worse [87], and a single
resistance-training session improved global cognition (SMD
0.56) and inhibition (0.73) across 12 trials [88] (MODER-
ATE). Three cautions keep claims modest: working-memory
accuracy dropped right after intermediate-intensity exercise
even as speed rose [89]; prefrontal tasks fared worse than other
tasks during hard exercise [90] (LIMITED-EMERGING to
MODERATE), so taking demanding calls mid-run is counter-
productive; and set-shifting gains shrank to g −0.13 against
active controls, raising placebo concerns [91]. The most de-
pendable acute effect is on energetic mood: positive activated
affect rose by d 0.47 for at least 30 minutes across 158 studies,
most consistently after low-intensity sessions of up to about
35 minutes [92] (MODERATE).
Timing relative to learning matters: move before or af-

ter, not during. Acute exercise helped long-term memory
(SMD 0.52) more than short-term memory (0.26) [93]; ex-
ercise during encoding was neutral to harmful (d −0.04 to
−0.12), after encoding helped consolidation (d 0.33–0.47),
and before encoding gave a smaller effect — d 0.23 over-
all (free recall 0.40, cued recall 0.08, recognition −0.06) in
one meta-analysis and a non-significant d 0.11 (p = 0.08)
in the other [94,95], although one 88-person RCT found
only the before-learning bout helped [96] — MODERATE;
the often-quoted “exercise 4 hours after learning” result is
a single study [97] (LIMITED-EMERGING). For idea gen-
eration, walking is the best-evidenced movement tactic: a

2026 meta-analysis of 23 studies (1,036 participants, mostly
students) found divergent thinking up by d 0.93 (moderate
GRADE certainty; 0.82 in randomised trials) but no effect
on convergent problem-solving (d 0.16, n.s.) [98], build-
ing on the original finding that 81% of walkers produced
more alternative uses [99]; four flights of stairs raised orig-
inality (d 0.49) in 22 students [100] — MODERATE for
walking meetings and brainstorming walks, not for analytical
problem-solving. After a short night, 30 minutes of moder-
ate evening cycling before learning offset the memory deficit
of 4.5 hours’ sleep in 88 young adults, mediated by slow-wave
sleep [101] (LIMITED-EMERGING)—a partial countermea-
sure, not a substitute for sleep. But exercise did not undo
mental fatigue built up during a sustained vigilance task [102]
(LIMITED-EMERGING/CONTRADICTED), and morning-
versus-afternoon effects are inconsistent [103] (LIMITED-
EMERGING).

3.9 Breaking up sitting restores energy more reliably than cog-
nition
The newest meta-analysis of 21 randomised crossover trials
found that interrupting prolonged sitting produced small gains
in executive function (g 0.18) and memory (g 0.37), both at
low certainty, and no change in attention (g −0.08) [104];
an earlier meta-analysis found no effect on overall cogni-
tion [105] and a systematic review found only 3 of 7 studies
positive [106] — LIMITED-EMERGING (mixed) for cogni-
tion. The more consistent benefit is felt energy: three min-
utes of light walking every 30 minutes lowered fatigue at 4
and 7 hours in adults aged 45–75 without changing executive
function or memory [107], and six hourly five-minute walk-
ing “microbouts” improved end-of-day mood, energy and fa-
tigue in 30 sedentary adults without affecting flanker or Trail-
Making scores [108] — LIMITED-EMERGING to MODER-
ATE (PERFORMANCE, M-SHORT). “Exercise snacks” fol-
low the same pattern: 10 minutes of stair walking energised
sleep-deprived young women more than 50 mg of caffeine
without improving working memory or attention [109], and
the only office-worker trial (25 workers aged about 51; three
1-minute vigorous bouts a day) is a pilot whose acute test was
uncontrolled [110] (LIMITED-EMERGING).
Exercising while doing focused computer work is counter-

productive: active workstations slowed typing (MES −0.55)
and mouse work (−1.10) [111], with treadmill desks worst
for typing (SMD −0.8) [112,113] — MODERATE evidence
of fine-motor harm — while sit-stand desks showed nei-
ther cognitive benefit nor harm in small trials (LIMITED-
EMERGING). Workplace programmes reduce sitting but
move self-rated rather than measured cognition: a sit-stand
desk programme cut occupational sitting by 83 minutes a day
in 146 NHS desk workers and improved self-rated job perfor-
mance, engagement and fatigue, but cognitive tests showed
“no notable changes” [114]; the larger SWAL trial (756 of-
fice workers, mean age 45) found small improvements in
stress and vigour but no difference in job performance, pre-
senteeism or fatigue [115]; and a meta-analysis of 80 RCTs
found small organisational benefits (g 0.30) and fewer mental-
health complaints (g −0.56), larger with mind-body compo-
nents and heavier use, but with baseline-bias caveats [116].
Grade: LIMITED-EMERGING to MODERATE, mixed (M-
SHORT).
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3.10 Fitness, steps and passive sitting track brain health over
decades — causation is unproven
Months of regular training produce small, general gains in cog-
nitive capacity in older adults and uncertain ones in younger
adults. Pooled RCTs give g 0.12–0.16 for attention, exec-
utive function and memory in adults [117] and ES 0.29 in
adults over 50 [118]; an umbrella review of 2,724 RCTs found
SMD 0.42 for general cognition, but only 0.23 when restricted
to high-confidence reviews (94 of 133 reviews were criti-
cally low quality) [119]. A bias-sensitive umbrella review
of healthy people found the effect shrinking from d 0.22 to
0.13 with active controls and to d 0.05 (non-significant) af-
ter publication-bias correction [120], a conclusion exercise
scientists have formally disputed [121]. The largest long tri-
als in older adults were null — 24 months in 1,635 adults
aged 70–89 [122], five years in 945 Norwegians [123] — as
was the Cochrane review of aerobic training [124]. The US
guideline committee graded the evidence MODERATE for
adults over 50 and “Not Assignable” (insufficient) for ages
18–50 [83]. The working-age trials are few but encourag-
ing: six months of aerobic training four times a week in
132 below-median-fitness adults aged 20–67 improved exec-
utive function by 0.23 SD at age 40 and 0.60 SD at age
60, with no effect on memory or speed [125]; 12 months of
150 minutes a week in 130 adults aged 26–58 reduced MRI-
predicted brain age by 0.95 years versus usual care [126];
and 12 weeks of aerobic exercise in inactive 50–70-year-olds
improved working memory (SMD 0.29) and attention (0.33)
against a wait-list [127]. Dose signals from older-adult trials
converge on accumulated volume — at least 52 total hours
of training [128], at least 724 MET-minutes a week (roughly
180 minutes of brisk walking) with diminishing returns above
1,200, and resistance training ranked highest [129], in 45–60-
minute sessions of at least moderate intensity [118]. Resis-
tance training once or twice a week improved Stroop perfor-
mance by 10.9–12.6% over 12 months in women aged 65–
75 [130]. Grades: chronic training → cognitive capacity
MODERATE (>50, small), NULL-CONTRADICTED after
bias correction in healthy samples, LIMITED-EMERGING at
18–50 (M-LONG); resistance training MODERATE in older
adults; tai chi, yoga, HIIT, dance and exergames LIMITED-
EMERGING.
Long-horizon associations are consistent but lag-sensitive.

Physical activity was associated with 20% lower dementia
risk across 58 studies, persisting at 20-year follow-up [131],
but the same group’s 104-study analysis of cognitive decline
found the association weak (RR 0.97 after funnel correction)
and absent beyond 10 years [132]; recommended activity in
midlife Whitehall II civil servants was unrelated to dementia
over 27 years (HR 1.00), with activity declining from up to
9 years before diagnosis [1]; and genetically predicted activ-
ity was unrelated to Alzheimer’s disease [133]. Guidelines
nonetheless back activity: WHO recommends 150–300 min-
utes a week of moderate or 75–150 of vigorous activity plus
muscle strengthening on two or more days [134], and its 2026
dementia-risk guideline keeps physical activity for adults with
normal cognition as a strong recommendation at moderate cer-
tainty [135]; the Lancet Commission weights physical inactiv-
ity at about 2% of dementia [136]. Grade: MODERATE asso-
ciation, weak and lag-sensitive; causal interpretation NULL-

CONTRADICTED by the long-lag analyses (HR 1.01 at a
≥10-year lag; Whitehall II HR 1.00) and Mendelian randomi-
sation.
Cardiorespiratory fitness is the most consistent physical

marker. In 19,458 midlife preventive-clinic patients followed
for 25 years, the fittest fifth had 36% lower later dementia
risk than the least fit (HR 0.64) [137]; in HUNT, each 1-
MET higher estimated fitness went with 16% lower incident
dementia (HR 0.84 — a single-cohort estimate from non-
exercise fitness estimates and a median 7.6-year follow-up, not
a promised effect), and moving from unfit to fit with HR 0.52
and 2.2 extra dementia-free years [138], although within the
five-year Generation 100 trial increasing VO2peak was not as-
sociated with better cognition (fitness level and declining fit-
ness were) and a substudy found mixed directions [123,139];
high versus low fitness gave IRR 0.60 in 61,214 UK Biobank
adults aged 39–70, including those at high genetic risk [140];
young-adult fitness predicted better memory and processing
speed 25 years later in CARDIA [141]; and 1 SD lower fit-
ness at age 40 was associated with about one extra year of
brain ageing two decades later [142]—MODERATE associa-
tion (M-LONG). Low grip strength was associated with higher
dementia risk (lowest vs highest quintile HR 1.72 in 466,788
adults [143]), but likely as a marker of ageing (MODERATE
association, causation unproven).
For daily steps, UKBiobank accelerometry in 78,430 adults

aged 40–79 found the dementia association non-linear: about
3,800 steps a day captured half the maximal risk reduction
(HR 0.75), the optimum was about 9,800 (HR 0.49), and
purposeful steps and a faster peak 30-minute cadence (~112
steps/minute; HR 0.38) carried stronger associations [144]; a
dose-response meta-analysis put the inflection at 5,000–7,000
steps (7,000 vs 2,000: HR 0.62, from only two dementia
studies) [145] — MODERATE association, short follow-up.
Meeting 150 minutes a week concentrated in one or two days
(“weekend warrior”) was associated with similar dementia
risk to a spread-out pattern [146] (LIMITED-EMERGING),
potentially useful for people with irregular working weeks.
Sitting is a long-horizon risk mainly at very high volumes

and in passive forms. Versus a median of 9.3 hours a day,
accelerometer-measured sedentary time of 12 hours was asso-
ciated with HR 1.63 and 15 hours with HR 3.21 for dementia
in 49,841 adults over 60, regardless of how sitting was broken
up [147]; TV time was associated with higher risk (HR 1.24)
and computer timewith lower risk (HR 0.85) at every physical-
activity level in 146,651 adults [148]; and 25 years of high TV
plus low activity from ages 18–30 roughly doubled the odds
of poor midlife processing speed (OR 1.95) and executive
function (OR 2.20) in CARDIA [2]. Grades: total sedentary
time MODERATE association; the >10-hour threshold and
the TV-versus-computer distinction LIMITED-EMERGING.
Desk time spent on cognitively engaged work should not be
coded as harmful. Exercise therapy did not relieve burnout in
a meta-analysis of RCTs [149] (null pooled result), and the
only founder-specific study — 203 entrepreneurs with four
years of firm financials — linked moderate-to-vigorous exer-
cise to well-being through grit, with diminishing returns at
very high volumes, and well-being to later firm performance
[3] (LIMITED-EMERGING).
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3.11 Generative AI raises output on routine work but can erode
skills still being built
On well-defined tasks within AI’s capability, randomised and
field experiments in professionals show large gains: 453
college-educated professionals finished writing tasks 40%
faster with 18% higher quality [150]; 758 BCG consultants
completed 12.2% more tasks 25.1% faster [151]; 5,172 sup-
port agents resolved 15% more issues per hour, with the
biggest gains for novices [152]; and 4,867 developers com-
pleted 26% more tasks [153] — MODERATE (PERFOR-
MANCE, assisted output). On complex judgement the pic-
ture is mixed: consultants were 19% less likely to reach cor-
rect solutions on a task outside AI’s capability (Dell’Acqua
2026); GPT-4 improved physicians’ management reasoning by
6.5% [154] but not diagnostic reasoning [155]; and an AI busi-
ness assistant had no average effect on Kenyan entrepreneurs’
revenue or profit, with low performers doing nearly 10%
worse because of which advice they chose to implement [5]
— LIMITED-EMERGING. Uncritical acceptance is a demon-
strated error source: radiologists’ accuracy fell from about
80% to 20–46% when a purported AI suggestion was wrong
[156], and workload, complexity and time pressure worsen au-
tomation bias [157]—MODERATE for automation bias with
decision-support systems generally (mostly pre-generative-AI
clinical tools), LIMITED for AI-labelled advice specifically
(one experiment in 27 radiologists). The skill cost depends
on how AI is used during learning: high-school students us-
ing an answer-giving chatbot scored 17% worse on a closed-
book exam minutes later, while a hint-only tutor removed
the harm [158]; undergraduates who studied with ChatGPT
retained 11 points less on a surprise test 45 days later (d
0.68 [159]); a pedagogically designed AI tutor outperformed
in-class active learning [160]; and experienced endoscopists’
unassisted adenoma detection fell from 28.4% to 22.4% af-
ter three months of routine AI use (observational [161]) —
LIMITED-EMERGING to MODERATE, design-dependent.
In 319 knowledge workers, greater trust in AI went with less
self-reported critical thinking [162] (LIMITED). Offloading
to notes and reminders is a trade-off — better immediate per-
formance and freed capacity, worse memory for the offloaded
item [163,164] (MODERATE) — and internet search inflates
people’s estimates of their own knowledge [165] (MODER-
ATE). Habitual GPS use is modestly associated with poorer
mental maps (r −0.18) but not with worse wayfinding [166]
(LIMITED). Over decades, everyday digital-technology use is
associatedwith lower risk: cognitive declineHR 0.74 in adults
over 50 [167] and regular internet use HR 0.57 for dementia
in adults aged 50–65 [168] — MODERATE association that
rules out a blanket “digital dementia” message; no longitudi-
nal data exist on generative-AI reliance.

3.12 Learning strategies: retrieval practice and spacing are
the strongest, cheapest levers
How professionals learn new domains has better evidence than
almost any other performance habit, though nearly all of it
comes from students. Testing oneself with feedback beats
restudying (g 0.50 across 159 laboratory effects, rising to 0.69
when the final test is a day or more later; with feedback g 0.73,
without feedback and with low initial success g 0.03) [169],
and quizzing raised classroom achievement by g 0.50 across
222 studies and 48,478 students [170]; all age groups — in-

cluding community adults aged 55–65 — benefited equally
[171]; transfer to new questions is smaller (d 0.40) and con-
ditional [172] — STRONG (PERFORMANCE). Spacing re-
view sessions beats massing them: in an internet sample of
1,354 adults (mean age 34), the optimal gap improved final
recall by up to 64% (d 1.1) and declined from about 20–40%
of the retention interval for a one-week horizon to about 5–
10% for a one-year horizon, with gaps that are too long cost-
ing far less than gaps that are too short [173]; spaced versus
massed retrieval gave g 0.74, while expanding versus uniform
schedules made no difference (g 0.03) [174] — STRONG.
Self-explanation prompts help (g 0.55 and 0.46 in two meta-
analyses, smaller for delayed tests [175,176]) — STRONG in
students; interleaving similar problem types helps (g 0.42) but
backfires for word lists (g−0.39) [177]—MODERATE; high-
lighting, rereading and summarising rank lowest [178]; and
the “laptops harm learning” claim did not survive direct repli-
cation, leaving at most a small longhand advantage (g 0.25
[179,180]) — LIMITED/mixed. Learners consistently mis-
judge spacing and interleaving as worse [181], so learning
tools should schedule them by default. Professionals provide
the only non-student field evidence: urology residents given
spaced rather than massed online education scored higher two
years later (ES 0.35 [182]), and a spaced-education game (one
question every three days, re-asked after 12 days if wrong and
24 days if right) modestly sped clinicians’ patients to blood-
pressure control (HR 1.04) against an active control [183]
— MODERATE in health professionals; no corporate, man-
ager or founder trials exist. Retrieval practice also protected
memory under post-learning stress (g 0.45 [184]; LIMITED-
EMERGING). None of these study strategies has been shown
to protect the ageing brain; they are learning-efficiency (PER-
FORMANCE) habits, not M-LONG components.

3.13 Social connection at work and over the long term
The 2024 Lancet Commission counts later-life social isola-
tion among its 14 modifiable dementia risk factors (RR 1.6,
weighted share about 5%), while noting that the source re-
view relied mostly on studies with under four years of follow-
up, “making reverse causation likely”, and that a second re-
view gave a smaller RR of 1.18 [136]. In UK Biobank (mean
age 57), objective isolation was associated with dementia in-
dependent of loneliness and depression (HR 1.26), and iso-
lated people had lower grey-matter volume in temporal, frontal
and hippocampal regions [185]. Loneliness was associated
with dementia across 21 samples and 608,561 people (HR
1.31), persisting after adjustment for depression and isola-
tion [186], although in some UK Biobank analyses most of
the loneliness association ran through depressive symptoms
[185]. The midlife evidence is closest to the target users: in
Framingham’s third generation (mean age 46), persistent but
not transient loneliness was associated with cognitive decline
and smaller temporal-lobe volume [187], and in Whitehall
II civil servants, more frequent contact — driven by contact
with friends — at age 60 was associated with lower demen-
tia risk (HR 0.88 per SD) and slightly better cognition (+0.07
SD), though contact at age 50 was not significant [188]. Re-
verse causation is real and large: non-participation in group
activities predicted dementia only in the first decade of follow-
up among 851,307 women (second-decade RR 0.99) [189],
leisure participation at mean age 56 was unrelated to demen-
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tia over 18 years [190], and Mendelian randomisation sup-
ports no causal effect of isolation or loneliness on dementia
[191] or cognition [192]. Grades: MODERATE association,
LIMITED-EMERGING causal (M-LONG). Interventions re-
duce loneliness itself only modestly (SMD about 0.2–0.4,
with group-based and social-cognition-focused approaches
best [193,194]; MODERATE), and social-engagement trials
in adults over 60–75 show small, inconsistent cognitive effects
(e.g., +1.75 MoCA points with webcam conversations [195])
— LIMITED-EMERGING.

At work, loneliness tracks performance and burnout. A
meta-analysis of mostly cross-sectional studies found work-
place loneliness correlated with lower job performance (r
−0.35, 9 studies) and higher burnout (r 0.39) [196]; in a
time-lagged field study of 672 employees, loneliness pre-
dicted lower supervisor-rated performance six weeks later
[197]; professional isolation in 261 teleworkers was associ-
ated with lower manager-rated performance, more so with
more telework and less so with face-to-face contact [198];
week-to-week increases in isolation tracked more cyberloaf-
ing via impaired self-control in 343 employees [199]; and in
377 French small-business owner-managers, job stressors pre-
dicted burnout through occupational loneliness [4]. A cross-
sectional survey of 522 remote workers found no link be-
tween loneliness and self-rated performance, though loneli-
ness predicted emotional exhaustion [200]. Grade: LIMITED-
EMERGING toMODERATE association (PERFORMANCE,
M-SHORT). In the short term, a 10-minute get-to-know or
cooperative-goal conversation improved executive function in
students relative to no activity (d 0.85 and 0.73, about 16 per
group), whereas a plain competitive interaction did not; in
two smaller follow-up studies, competitive interactions that re-
quired mind-reading or perspective-taking also helped (d 0.91
and 0.65) [201]; feeling socially excluded impaired complex
reasoning but not simple processing [202]; and in adults aged
70–90, days with more pleasant social interaction were fol-
lowed by better cognitive scores that day and the next two
[203] — LIMITED-EMERGING (PERFORMANCE).

3.14 Purpose, cognitively stimulating work and learning com-
plex skills
A greater sense of purpose in life is associated with lower de-
mentia risk (HR 0.76 across eight samples and 214,270 people
[204]) and buffered the effect of Alzheimer pathology on cog-
nition at autopsy [205]. But purpose declines before cognitive
impairment appears [206], purpose at age 52 was unrelated to
dementia at 80 in a 28-year study [207], and in adults under
50 the link between purpose and everyday cognitive failures
was fully explained by depressed affect [208] — MODER-
ATE association, LIMITED-EMERGING causal (M-LONG),
with no intervention trials. High neuroticism (HR 1.24) and
low conscientiousness (HR for conscientiousness 0.77) are the
most robust personality predictors of dementia [209], and opti-
mism shows weaker, inconsistent associations— but these are
traits, useful for risk stratification (for example, people high
in neuroticism may benefit most from stress-management sup-
port) rather than modifiable components.
For working-age users, formal education is largely already

“banked”: each extra year raises cognitive level by about 1–
5 IQ points [210] (MODERATE) but has negligible effect
on the rate of age-related decline [211], and its genetic link

to Alzheimer’s disease runs through intelligence [212]. The
modifiable analogue is cognitively stimulating work. In an
individual-participant meta-analysis of 107,896 workers fol-
lowed 13.7–30.1 years, high versus low cognitive stimulation
at work was associated with lower dementia risk (HR 0.77;
fully adjusted 0.82), and the association persisted from year
10 onward (HR 0.79), which argues against pure reverse cau-
sation [213]; in Norway, the most routine occupational trajec-
tory from ages 30 to 65 carried 74% higher risk of mild cogni-
tive impairment [214]; and greater mental stimulation at work
was associated with higher cognition and more favourable 10-
year change in 3,237 French workers aged 32–62 [215]. The
evidence is not uniform: a meta-analysis pooled work com-
plexity at only RR 0.95 [216], and the one study that controlled
for adolescent cognitive ability found no independent effect of
occupational complexity [217]. Grade: MODERATE associ-
ation, LIMITED-EMERGING for a modifiable causal effect
(M-LONG). For founders, cognitive challenge is likely already
high; the marginal risk lies in overwork and strain rather than
under-stimulation, and loss of daily challenge (retirement, a
routine role, a long post-exit break) is the scenario to watch—
verbal memory declined 38% faster after retirement in White-
hall II [218], though a meta-analysis found no effect on global
cognition [219] (LIMITED, mixed).
Sustained, effortful learning of genuinely new and complex

skills is plausible but thinly evidenced. In the Synapse RCT
(adults aged 60–90, about 16.5 hours a week for 14 weeks),
learning digital photography improved episodic memory (net
ES 0.54), but quilting did not and socialising did nothing
[220]; foreign-language courses for older adults did not im-
prove memory or intelligence [221]; and music-instrument
training gave small gains in inhibition and processing speed
in older adults [222] — LIMITED-EMERGING. Cognitively
stimulating leisure is associated with about 23% lower demen-
tia risk (RR 0.77 across 38 studies [223]), but in five Nordic
cohorts the associations attenuated toward null beyond 10
years of follow-up [224]; adult education was associated with
lower dementia risk (HR 0.82) in UK Biobank adults aged
40–69 [225]; and WHO rates cognitive stimulation a condi-
tional recommendation on very-low-certainty evidence [135]
— LIMITED-EMERGING (M-LONG).

3.15 Summary of graded components
Figure 1 maps the evidence grade of each component across
the three time horizons, and Figure 2 compares reported effect
sizes for selected tactics. Table 1 summarises the headline
findings.

4. Discussion
4.1 Principal findings
The working practices with the most reliable effects on day-to-
day thinking are again largely protective: limiting task switch-
ing and interruptions, keeping speech and lyrics away from
verbal work, and avoiding exercise while doing fine-motor or
prefrontally demanding tasks. Several popular “additive” tac-
tics have smaller effects than commonly claimed. Breaks and
short bouts of movement reliably improve energy, mood and
fatigue, but improve measured performance only slightly or
inconsistently, so they are better framed as energy tools than
as performance boosters. Walking is the clearest exception: it

7 of 19



V. Kannan Work, movement, learning and AI

Fig. 1. Evidence grades for work, movement, learning and generative-AI components by time horizon. Each cell shows the grade for one component and
horizon; ranges (for example, L–M) are coloured by the lower grade. Most long-term (M-LONG) grades describe associations; for weekly activity volume, the
causal effect on dementia is shown separately. Sources are listed in Supplementary Tables S1–S3.
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Fig. 2. Reported effect sizes for selected work, movement and learning tactics. Values are pooled estimates from different meta-analyses and outcomes and are
not directly comparable; negative values indicate worse performance. Filled circles are statistically significant and open circles are not; the horizontal line for
the single exercise bout spans the bias-corrected and uncorrected estimates. Sources: [42,62,81,82,84,98,104,111,169,174,177].
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Table 1. Summary of graded work, movement, learning and engagement components. Full inventories with sources are given in Supplementary Tables S1–S3.

Component Horizon Grade Headline effect

Task switching / multitasking PERF STRONG (laboratory) Switch cost grows with task complexity; only 2.5% of 200 people
multitasked in a driving simulator without decrement

Interruptions PERF,
M-SHORT

MODERATE 2.8–4.4-second interruptions double to triple sequence errors;
+12.7% clinical errors per interruption

Notification batching (~3 times a day) PERF LIMITED to MODERATE Less inattention; switching notifications off entirely raised anxiety
Time-on-task drift in professional decisions PERF LIMITED to MODERATE (association,

mixed)
Antibiotic prescribing OR 1.26 by hour 4

Micro-breaks (≤10 min) M-SHORT;
PERF

MODERATE (vigour, fatigue);
NULL–LIMITED (performance)

Vigour d 0.36; fatigue d 0.35; performance d 0.16, n.s.

Implementation intentions (if-then plans) Behaviour
enabler

STRONG (goal attainment) d 0.27–0.66

Long hours (≥55 h a week) M-SHORT,
M-LONG

MODERATE (stroke); LIMITED
(cognition)

Stroke RR 1.35

Lyrics or speech during reading and verbal
work

PERF STRONG (harm) Reading comprehension g−0.19 to−0.26

Single moderate exercise bout before
demanding work

PERF STRONG (existence); small; dose
unsettled

SMD 0.33 uncorrected; g 0.13 bias-corrected

Walking while generating ideas PERF MODERATE Divergent thinking d 0.93; convergent n.s.
Breaking up sitting PERF,

M-SHORT
LIMITED (cognition); LIMITED to
MODERATE (energy, fatigue)

Executive function g 0.18; less fatigue with 3 min of walking every
30 min

Treadmill or cycle desk during typing or
mouse work

PERF MODERATE (harm) Typing MES−0.55; mouse work−1.10

Cardiorespiratory fitness M-LONG MODERATE (association) Fittest vs least fit fifth: dementia HR 0.64
Weekly activity volume M-LONG MODERATE association; causal

NULL-CONTRADICTED
Null at≥10-year lag (HR 1.01)

Daily steps M-LONG MODERATE (association) ~3,800 steps a day = half the maximal risk reduction
Very high and passive (TV) sitting M-LONG MODERATE (total); LIMITED (TV vs

computer)
12 h a day HR 1.63; TV HR 1.24 vs computer HR 0.85

Generative AI on well-defined tasks PERF MODERATE 40% faster, 18% higher quality
Generative AI outside its capability;
automation bias

PERF LIMITED-EMERGING to
MODERATE

19% less likely to reach correct solutions; radiologist accuracy ~80%
→ 20–46% with wrong AI advice

Answer-giving AI while learning PERF,
M-SHORT

LIMITED to MODERATE
(design-dependent)

−17% on a same-day exam; hint-only tutor removed the harm

Retrieval practice with feedback; spacing PERF STRONG Retrieval g 0.50; spaced vs massed retrieval g 0.74
Workplace loneliness PERF,

M-SHORT
LIMITED to MODERATE (association) Performance r−0.35; burnout r 0.39

Social isolation and loneliness (long term) M-LONG MODERATE association; LIMITED
causal

Loneliness and dementia HR 1.31; MR null

Cognitively stimulating work M-LONG MODERATE association; LIMITED
causal

Dementia HR 0.77

substantially increases idea generation, though not analytical
problem-solving.
Generative AI shows some of the largest short-term effects

in this review, in both directions. On well-defined tasks within
its capability, it raises output and quality substantially; outside
that frontier, and when advice is accepted without checking,
it can reduce accuracy. While people are still learning a skill,
answer-giving use can impair later performance unless the tool
is designed to prompt rather than to answer. Learning research
offers the most robust and cheapest habits — retrieval practice
with feedback and spaced review — although almost all of it
comes from students.
Over the long term, cardiorespiratory fitness, daily steps,

cognitively stimulating work and social connection are consis-
tently associated with better brain health. However, lagged
analyses and MR studies show that part of these associations
reflects early disease changing behaviour, and structured trials
in older adults produce only small cognitive gains.

4.2 Felt and measured effects diverge
As with sleep and stress, people’s perceptions often mislead
them. Interrupted participants finished tasks faster but re-
ported more stress, frustration and effort [11]; learners consis-
tently judged spaced and interleaved practice as less effective
than it was [181]; and greater trust in AI went with less self-
reported critical thinking [162]. Tools that rely only on how
work feels may therefore steer people away from the practices
that work best.

4.3 Implications for digital tools and workplace programmes
These suggestions are inferences from the grades above rather
than tested recommendations.
• Manage interruptions and notifications by batching them,
protecting focus periods and encouraging a brief “ready-
to-resume” note before switching tasks, while recognising
that the evidence for these specific tools is still limited.

• Present micro-breaks and relaxing or nature breaks as tools
for energy and fatigue, not guaranteed performance gains;
avoid fixed formulas such as 25-minute or 90-minute cy-
cles.

• Suggest a moderate bout of movement (around 20 min-
utes or more, with no proven minimum) before demanding
work, and walking for idea generation, but not demanding
thinking during hard exercise or typing at a treadmill desk.

• Track weekly moderate-to-vigorous activity, strength ses-
sions, daily steps and fitness trends as long-term associa-
tions, without promising dementia prevention; distinguish
passive TV sitting from cognitively engaged desk work.

• Flag weekly working hours around 55 as a recovery and
burnout signal, not as proven cognitive damage.

• Recommend silence or instrumental audio for reading and
verbal work, and leave music choice for routine work to the
user.

• Encourage verification of AI outputs, and hint- or
explanation-based AI use while a skill is still being learned.

• Build learning features on retrieval practice with feedback
and scheduled spacing, scheduled by default because learn-
ers underrate them.
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• Use repeated check-ins on loneliness and social contact, be-
cause persistent rather than transient loneliness carries the
long-term signal.

4.4 Limitations
This review has several limitations. First, it is a narrative
rather than a systematic review: the search was not exhaustive,
and no formal risk-of-bias assessment was performed for indi-
vidual studies. Second, the four-level grading scale is study-
specific and not equivalent to formal GRADE certainty rat-
ings. Third, much of the experimental evidence comes from
students and much of the long-term evidence from cohorts
aged 50 or over. Fourth, generative AI is changing quickly,
so effect sizes from 2023–2026 tools may not apply to later
systems, and no longitudinal data on reliance on generative
AI yet exist. Fifth, publication bias affects the exercise and
learning literatures, and estimates without bias correction may
overstate effects. Only English-language publications were in-
cluded. Finally, the author is a founder of a company that de-
velops products for working professionals (see Competing in-
terests).

4.5 Future research
Priorities include: randomised trials of interruption-
management and notification tools with objective attention
outcomes in working adults; workplace trials testing whether
breaks of different length and content improve measured
performance; trials of pre-task exercise in working-age pro-
fessionals using bias-resistant designs and active controls;
longitudinal studies of generative-AI reliance and skill reten-
tion; and evaluations of spaced-learning tools in corporate
and founder settings, where no trials yet exist.

5. Conclusion
How knowledge workers organise their day matters, but the
best-supported practices are less dramatic than popular pro-
ductivity advice. Protecting attention from fragmentation, us-
ing breaks and short bouts of movement for energy, walking
to generate ideas, verifying AI outputs and learning through
retrieval and spacing all have reasonable support. Fitness, ac-
tivity, stimulating work and social connection go with bet-
ter brain health over decades, but those associations are mod-
est, partly explained by reverse causation, and not proof that
changing these habits prevents decline.
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Supplementary material

Table S1. Work-habit, digital and audio component inventory

Component Horizon Grade Key effect, dose or threshold Population Key
sources

Task switching / multitasking PERF STRONG (lab) Switch cost grows with complexity; 2.5%
“supertaskers”

Lab adults [7,9]

Interruptions PERF, M-
SHORT

MODERATE 2.8–4.4 s doubles/triples errors; +12.7% clinical
errors each

Lab; nurses [12,13]

“Ready-to-resume” note before
switching

PERF, M-
SHORT

LIMITED-EMERGING Less residue and exhaustion 50 employees [14,15]

Notifications off / batched (~3×/day) PERF LIMITED to MODERATE Less inattention; full removal ↑ anxiety 221; 237 adults [17,18]
Blocking mobile internet PERF LIMITED-EMERGING Better sustained attention after 2 weeks 467 adults, mean

32
[19]

Phone “mere presence” PERF Small WM effect only; other
domains null

Memory g−0.23 Students [20,21]

Email volume / batching PERF, M-
SHORT

LIMITED More email time↔ more stress; batching no stress
benefit

40 info workers [24]

Mind-wandering (on/off-task
self-report)

PERF MODERATE (association) 34.5% of daily life; rises with time on task >10,000 people [26,27]

Time-on-task / decision fatigue in the
field

PERF LIMITED to MODERATE
(association, mixed)

Antibiotics OR 1.26 by hour 4; surgery OR 0.895
per appointment

Clinicians,
surgeons, analysts

[31,36]

Ego depletion / “willpower budget” PERF NULL-CONTRADICTED d 0.04–0.10 23–36 labs [39,40]
Micro-breaks (≤10 min) M-

SHORT;
PERF

MODERATE (vigour, fatigue);
NULL–LIMITED (performance)

Vigour d 0.36; fatigue d 0.35; performance d 0.16
n.s.

2,335 participants [42]

Relaxing / social / nature lunch breaks M-
SHORT

LIMITED-EMERGING Less fatigue, better afternoon concentration
(self-report)

Employees [43,44]

Pomodoro / 90-minute cycles PERF LIMITED (mixed) / no
peer-reviewed support

No performance difference Students [47,49]

Implementation intentions (if-then
plans)

Behaviour
enabler

STRONG (goal attainment) d .27–.66 Mostly
students/health
behaviour

[50]

Long hours (≥55 h/week) M-
SHORT,
M-LONG

MODERATE (stroke,
non-cognitive); LIMITED
(cognition, mixed)

Stroke RR 1.35; reasoning decline in one cohort Workers [53,55]

Working-time reduction (4-day week) M-
SHORT

LIMITED-EMERGING ↓ burnout, fatigue, sleep problems 2,896 employees [60]

Lyrics / speech during reading and
verbal work

PERF STRONG (harm) Reading g−0.19 to−0.26; lyrics d≈−0.3 Students, adults [62,63]

Self-chosen music for routine/vigilance
work

PERF LIMITED-EMERGING Less mind-wandering; possible diminishing returns
with hours

Students;
employees

[66,68]

Music for post-stress recovery / mental
fatigue

M-
SHORT

Stress recovery LIMITED (g 0.15
n.s.); fatigue LIMITED to
MODERATE

Self-selected,≥20 min (weak) Healthy adults,
students

[70,72]

Mozart effect PERF NULL-CONTRADICTED
(provisional)

Disappears when arousal/mood controlled Students [74]

Binaural beats PERF LIMITED / contested (NULL for
vigilance)

g 0.40–0.45 vs strong null evidence Small samples [78]

GenAI on routine/within-frontier tasks PERF MODERATE −40% time, +18% quality; +12–26% tasks Professionals [150,151]
GenAI on complex judgement / outside
frontier

PERF LIMITED-EMERGING (mixed) −19% correct outside frontier; low-performing
entrepreneurs ~10% worse

Consultants,
physicians, Kenyan
entrepreneurs

[5,154]

Automation bias (accepting AI
unverified)

PERF MODERATE (decision-support
systems generally); LIMITED
(AI-labelled advice)

Accuracy ~80%→ 20–46% with wrong AI Radiologists;
CDSS users

[156,157]

Answer-giving AI while learning PERF; M-
SHORT

LIMITED to MODERATE
(design-dependent)

−17% same-session;−11 pts at 45 days; hint-only
tutor removes harm

Students;
endoscopists

[158,159]

Cognitive offloading (notes, reminders,
search)

PERF, M-
SHORT

MODERATE (trade-off) Better performance, worse memory for offloaded
item

Lab adults [163,165]

Everyday digital/computer use (long
term)

M-LONG MODERATE (association) Decline HR 0.74; internet HR 0.57 (50–65) Adults >50 [167,168]

Table S2. Movement component inventory

Component Horizon Grade Key effect, dose or threshold Population Key
sources

Single moderate aerobic bout before
demanding work

PERF STRONG (existence); small;
dose unsettled

SMD 0.33 uncorrected; g 0.13 bias-corrected;≥20
min per Chang 2012, no duration effect per Chang
2025; short-lived (pooled timing data inconsistent; up
to ~50 min in single trials)

All ages, mostly
students

[81,82,85]

HIIT vs moderate bout PERF MODERATE (no added benefit) d 0.07 Adults [84]
Single resistance session PERF MODERATE Global SMD 0.56; inhibition 0.73 Healthy adults [88]
Hard exercise during demanding
thinking

PERF LIMITED to MODERATE
(harm)

Prefrontal tasks worse at high intensity Adults [90]

Exercise timed before/after learning PERF MODERATE Before d 0.23 (0.11 n.s. in Loprinzi 2019); after 0.33;
during−0.04

Mostly students [94–96]

Walking while generating ideas PERF MODERATE Divergent d 0.93; convergent n.s. Mostly students [98]
Bout→ energetic positive mood PERF MODERATE d 0.47 for≥30 min; low intensity,≤35 min 158 studies [92]
Moderate bout to offset short sleep PERF, M-

SHORT
LIMITED-EMERGING 30 min at 55–60% VO2max offset 4.5-h-sleep memory

deficit
88 young adults [101]

Exercise to undo mental fatigue PERF LIMITED / CONTRADICTED No mitigation Young adults [102]
Breaking up sitting→ cognition PERF LIMITED (mixed) EF g 0.18; memory 0.37 (low certainty); attention null Mixed, often

overweight/older
[104,105]

Breaking up sitting / microbouts→
energy, fatigue, mood

PERF, M-
SHORT

LIMITED to MODERATE 3 min light walking every 30 min, or 5 min hourly Sedentary adults
30–75

[107,108]
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(continued)

Component Horizon Grade Key effect, dose or threshold Population Key
sources

Treadmill or cycle desk during
typing/mouse work

PERF MODERATE (harm) Typing MES−0.55; mouse−1.10 Office tasks [111,112]

Sit-stand desks PERF LIMITED (no benefit or harm) Underpowered trials Students, desk
workers

[226]

Workplace activity programmes M-
SHORT

LIMITED to MODERATE
(mixed)

Organisational g 0.30; SWAL null on job performance Employees [115,116]

Months of regular training→
cognitive capacity

M-LONG MODERATE (>50); NULL
after bias correction (healthy);
LIMITED (18–50)

SMD 0.1–0.3; d 0.05 corrected; EF +0.23 SD at age 40 Older adults; 20–67 [118,120,
125]

Training dose M-LONG LIMITED to MODERATE ≥52 total h;≥724 MET-min/wk; 45–60-min sessions Adults≥50 [128,129]
Resistance training≥2×/week M-LONG MODERATE (older);

LIMITED (midlife)
Stroop +10.9–12.6% Women 65–75 [130]

Cardiorespiratory fitness (VO2max) M-LONG MODERATE (association) High vs low HR/IRR 0.60–0.64; per MET HR 0.84
(single cohort, estimated fitness); rising VO2peak not
linked to cognition in Generation 100

Midlife cohorts; UK
Biobank 39–70; trial
70–77

[123,137,
138]

Weekly MVPA volume M-LONG MODERATE association, weak
and lag-sensitive; causal
NULL-CONTRADICTED
(long-lag analyses, MR)

RR 0.80; null at≥10-y lag (HR 1.01) Cohorts incl.
working-age

[6,131]

Daily steps and cadence M-LONG MODERATE (association) 3,826/day = half the benefit (HR 0.75); 9,826 optimum
(HR 0.49); peak 30-min cadence 112/min (HR 0.38);
inflection ~5,000–7,000 in a meta-analysis (dementia
from 2 studies)

UK Biobank 40–79;
pooled cohorts

[144,145]

Weekend-warrior pattern M-LONG LIMITED-EMERGING Similar to spread-out activity at≥150 min/wk UK Biobank [146]
Grip strength M-LONG MODERATE (association);

causal unproven
Lowest quintile HR 1.72 UK Biobank,

median 56.5
[143]

Very high total sitting (>10–12
h/day)

M-LONG MODERATE (association);
threshold LIMITED

12 h HR 1.63; 15 h HR 3.21 Adults≥60 [147]

Passive TV vs active computer sitting M-LONG LIMITED-EMERGING TV HR 1.24; computer HR 0.85 Adults≥60;
CARDIA 18–30

[2,148]

Exercise as a burnout treatment M-
SHORT

LIMITED (null pooled result) No clear effect Burnout patients [149]

Table S3. Social, purpose, engagement and learning component inventory

Component Horizon Grade Key effect, dose or threshold Population Key
sources

Objective social isolation M-LONG MODERATE association;
LIMITED causal

RR 1.6 (short follow-up) / 1.18; UK Biobank HR 1.26 Mostly≥50; UK
Biobank mean 57

[136,185]

Loneliness, especially persistent M-LONG MODERATE association;
MR null

HR 1.31; persistent (not transient) loneliness→
decline at 46

608,561 people;
Framingham Gen 3

[186,187]

Frequent contact with friends (midlife) M-LONG LIMITED-EMERGING HR 0.88 per SD at 60; n.s. at 50 Civil servants 35–55 at
entry

[188]

Workplace / founder loneliness PERF, M-
SHORT

LIMITED to MODERATE
(association)

Performance r−0.35; burnout r 0.39 Employees; 377 SME
owners

[4,196]

Brief engaged conversation (~10 min) PERF LIMITED-EMERGING Get-to-know / cooperative EF d 0.73–0.85 vs no
activity; plain competition null

Students [201]

Loneliness-reduction interventions M-
SHORT

MODERATE (small) SMD≈ 0.2–0.4 Mostly older adults [193]

Purpose in life M-LONG MODERATE association;
LIMITED causal

HR 0.76; mood explains link <50 Older cohorts; US
adults

[204,208]

Neuroticism / conscientiousness (context
only)

M-LONG MODERATE association
(traits)

HR 1.24 / 0.77 Mixed [209]

Cognitively stimulating, high-control
work

M-LONG MODERATE association;
LIMITED causal

HR 0.77 (0.82 adjusted); routine trajectory MCI RRR
1.74

107,896 workers;
Norwegians 30–65

[213,214]

Learning complex new skills (many
hours/week)

M-
SHORT,
M-LONG

LIMITED-EMERGING ES 0.54 (photography arm only); ~16.5 h/wk× 14 wk Adults 60–90 [220]

Stimulating leisure / adult education M-LONG LIMITED (reverse
causation)

RR 0.77; attenuates after 10 y; adult education HR
0.82

Mostly≥50; UK
Biobank 40–69

[223,224]

Loss of daily challenge (retirement) M-LONG LIMITED (mixed) Verbal memory decline 38% faster; global d−0.01 Older workers [218]
Retrieval practice with feedback PERF STRONG g 0.50 (0.69 at≥1-day delay); null without feedback

at low success
Students; adults 18–65 [169,170]

Spacing / spaced retrieval PERF STRONG Gap 20–40% of horizon (1 wk) to 5–10% (1 y); g 0.74
vs massed

Adults mean 34;
students

[173,174]

Self-explanation; interleaving PERF STRONG (students);
MODERATE

g 0.46–0.55; interleaving 0.42 (not for word lists) Students [175,177]

Spaced education for professionals PERF MODERATE ES 0.35 at 2 y vs massed; BP control HR 1.04 Physicians [182,183]
Highlighting, rereading; handwritten vs
typed notes

PERF LOW utility; notes
LIMITED/mixed

Longhand g 0.25 at most Students [178,179]
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