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Figure S1: Fitbit devices. The bars indicate the numbers of participants whose fitness tracking data
came from each model of Fitbit device. “MobileTrack” refers to participants who used smartphone
accelerometer information to track their activity via the Fitbit smartphone app. “Unknown”
denotes participants whose device information was not specified in their Fitbit data.
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Figure S4: Foreign language vocabulary learning behavioral results. a. Immediate recall.
Average proportions of correctly identified Gaelic-English word pairs from early (first 3) and late
(last 3) study positions, or aggregated over all study positions. b. Distribution of proportion
of correctly recalled pairs on the immediate memory test. The colored lines indicate quartile
boundaries, and correspond to the coloring in Panel a. Note that the right-most edge of the third
quartile overlaps with the top quartile, since over 25% of the participants correctly recalled 90% of
the word pairs correctly, but no participant achieved 100% accuracy. c–d. Delayed recall. These
panels are in the same formats as Panels a and b, but reflect performance on the delayed recall test.
The error bars in Panels a and c denote bootstrap-estimated 95% confidence intervals.
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Figure S5: Spatial learning behavioral results. a–b. Estimation error. Estimation error is defined
as the Euclidean distance between each shape’s studied and recalled positions. The bars show the
average estimation error (across all shapes for each memory test) versus the number of memorized
shapes. a. Slope. Estimation errors are broken down by the slopes of regression lines fit to each
participant’s estimation errors as a function of the number of memorized shapes. Shallower slopes
(i.e., smaller decreases in performance associated with memorizing more shapes) are reflected
by more saturated coloring. Error bars denote bootstrap-estimated 95% confidence intervals. b.
Intercept. Bars are in the same format as Panel a, but here estimation errors are broken down by the
intercepts of the same regressions used in Panel a. Smaller intercepts (i.e., smaller baseline errors)
are reflected by more saturated coloring. c. Distribution of slopes. Across-participant distribution
of regression slopes. The lines denote quartile boundaries (colors are matched to Panel a). The
slopes are multiplied by -1 and normalized to be within the [0, 1] interval such that (adjusted)
slopes closer to 1 reflect better performance and slopes closer to 0 reflect worse performance. b.
Distribution of intercepts. Across-participant distribution of regression intercept terms. The lines
denote quartile boundaries (colors are matched to Panel b). The intercepts are multiplied by -1 and
normalized to be within the [0, 1] interval such that (adjusted) intercepts closer to 1 reflect better
performance and intercepts closer to 0 reflect worse performance.
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Abbreviation Description Units
Resting HR Average daily resting heart rate beats per minute (BPM)
HR variability Heart rate variability (average daily variation between heartbeats) milliseconds (ms)
Steps Number of steps taken each day steps (count)
Distance Estimated distance traveled each day kilometers (km)
Elevation Estimated daily elevation gain feet (ft)
Floors climbed Estimated number of daily floors climbed floors (count)
Light activity Number of estimated daily minutes spent doing low-intensity ac-

tivity
minutes (min)

Fair activity Number of estimated daily minutes spent doing moderate-
intensity activity

minutes (min)

High intensity activity Number of estimated daily minutes spent doing high-intensity
activity

minutes (min)

Excess calories Number of estimated daily calories burned minus estimated calo-
rie intake

calories (cal)

Out-of-range HR, OOR
mins

Number of daily minutes spent with a heart rate lower than the ”fat
burn” heart rate zone (50% of the maximum heart rate); maximum
heart rate is defined as 220 minus age, in years

minutes (min)

Fat burn HR Number of daily minutes spent with a heart rate between 50% and
69% of the maximum heart rate

minutes (min)

Cardio HR Number of daily minutes spent with a heart rate between 70% and
84% of the maximum heart rate

minutes (min)

Peak HR Number of daily minutes spent with a heart rate between 85% and
100% of the maximum heart rate

minutes (min)

Sleep duration Estimated number of hours slept during the prior 24-hour period hours (hr)
BMI Body mass index, calculated as the individual’s weight (in kg)

divided by their height (in m) squared
kilograms per meter
squared (kg/m2)

Body fat Estimated percentage of body fat (as a proportion of the individ-
ual’s total weight)

percentage (%)

Weight Logged or measured weight kilograms (kg)
Water intake Self-reported water intake 8 ounce cups (count)
Coffee intake Self-reported coffee intake 8 ounce cups (count)

Table S1: Abbreviations of fitness-related measures. The abbreviations and descriptions provided
in the table apply to the main text and supplement.
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Figure S11: Bootstrap-estimated reliable correlations between behavioral measures. The mea-
sures are described and summarized in the distributions shown in Figures S2, S3, S4, and S5. The
reported values denote the correlation coefficient between the given row and column. Only sta-
tistically reliable correlations are displayed (p < 0.05, corrected; see Exploratory correlation analysis,
main text).
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Figure S12: Bootstrap-estimated reliable correlations between fitness measures. Fitness measures
are described in summarized in Table S1. The reported values denote the correlation coefficient
between the given row and column. Only statistically reliable correlations are displayed (p < 0.05,
corrected; see Exploratory correlation analysis, main text).

14



Ag
e

G
en

de
r f

em
al

e

G
en

de
r m

al
e

G
en

de
r p

re
fe

r n
ot

 to
sa

y

Ra
ce

 a
m

er
ic

an
 in

di
an

or
 a

la
sk

a 
na

tiv
e

Ra
ce

 a
si

an

Ra
ce

 b
la

ck
 o

r
af

ric
an

 a
m

er
ic

an

Ra
ce

 o
th

er

Ra
ce

 p
re

fe
r n

ot
 to

sa
y

Ra
ce

 w
hi

te

D
eg

re
e 

as
so

ci
at

e'
s

de
gr

ee

D
eg

re
e 

co
lle

ge
gr

ad
ua

te

D
eg

re
e 

do
ct

or
at

e

D
eg

re
e 

hi
gh

 s
ch

oo
l

gr
ad

ua
te

D
eg

re
e 

m
as

te
r's

de
gr

ee
D

eg
re

e 
ot

he
r

gr
ad

ua
te

/p
ro

fe
ss

io
na

l
sc

ho
ol

D
eg

re
e 

so
m

e 
co

lle
ge

D
eg

re
e 

so
m

e 
gr

ad
ua

te
tr

ai
ni

ng

N
um

be
r f

lu
en

t
la

ng
ua

ge
s

N
um

be
r f

am
ili

ar
la

ng
ua

ge
s

Co
lo

r 
vi

si
on

Vi
si

on
 im

pa
ire

d

H
ea

lth
 a

nd
 w

el
ln

es
s

an
xi

et
y 

or
 d

ep
re

ss
io

n

H
ea

lth
 a

nd
 w

el
ln

es
s

hi
gh

 b
lo

od
 p

re
ss

ur
e

H
ea

lth
 a

nd
 w

el
ln

es
s

bi
po

la
r

H
ea

lth
 a

nd
 w

el
ln

es
s

hy
po

th
yr

oi
d

H
ea

lth
 a

nd
 w

el
ln

es
s

un
sp

ec
ifi

ed
m

ed
ic

at
io

ns
H

ea
lth

 a
nd

 w
el

ln
es

s
re

ce
nt

 h
ea

d 
in

ju
ry

Cu
rr

en
t s

tr
es

s

Ty
pi

ca
l s

tr
es

s

Cu
rr

en
t /

 ty
pi

ca
l

st
re

ss

Al
er

tn
es

s

W
at

er
 in

ta
ke

Co
ffe

e 
in

ta
ke

Lo
ca

tio
n 

la
rg

e 
ci

ty

Lo
ca

tio
n 

ru
ra

l

Lo
ca

tio
n 

sm
al

l c
ity

Lo
ca

tio
n 

sm
al

l t
ow

n

Lo
ca

tio
n 

su
bu

rb
an

O
cc

up
at

io
n 

ac
tiv

ity
le

ve
l

Re
po

rt
ed

 e
xe

rc
is

e
to

da
y

Ac
cu

ra
te

 e
xe

rc
is

e
re

po
rt

Pl
an

 to
 e

xe
rc

is
e

Re
po

rt
ed

 e
xe

rc
is

e
fr

eq
ue

nc
y

Re
po

rt
ed

 e
xe

rc
is

e
ac

cu
ra

cy

Ex
er

ci
se

 m
ot

iv
at

io
n

se
nt

im
en

t

Tr
ac

ke
r m

ot
iv

at
io

n
se

nt
im

en
t

Cl
ar

ity
 fi

tb
it 

se
tu

p

Cl
ar

ity
 fr

ee
 r

ec
al

l
(im

m
ed

ia
te

)

Cl
ar

ity
 fr

ee
 r

ec
al

l
(d

el
ay

ed
)

Cl
ar

ity
 v

oc
ab

le
ar

ni
ng

 (i
m

m
ed

ia
te

)

Cl
ar

ity
 v

oc
ab

le
ar

ni
ng

 (d
el

ay
ed

)

Cl
ar

ity
 s

pa
tia

l
le

ar
ni

ng
 (i

m
m

ed
ia

te
)

Cl
ar

ity
 n

at
ur

al
is

tic
re

ca
ll 

(im
m

ed
ia

te
)

Cl
ar

ity
 n

at
ur

al
is

tic
re

ca
ll 

(d
el

ay
ed

)

Cl
ar

ity
 s

ur
ve

y

Cl
ar

ity
 o

ve
ra

ll

D
iff

ic
ul

ty
 fr

ee
re

ca
ll 

(im
m

ed
ia

te
)

D
iff

ic
ul

ty
 fr

ee
re

ca
ll 

(d
el

ay
ed

)

D
iff

ic
ul

ty
 v

oc
ab

le
ar

ni
ng

 (i
m

m
ed

ia
te

)

D
iff

ic
ul

ty
 v

oc
ab

le
ar

ni
ng

 (d
el

ay
ed

)

D
iff

ic
ul

ty
 s

pa
tia

l
le

ar
ni

ng
 (i

m
m

ed
ia

te
)

D
iff

ic
ul

ty
na

tu
ra

lis
tic

 re
ca

ll
(im

m
ed

ia
te

)
D

iff
ic

ul
ty

na
tu

ra
lis

tic
 re

ca
ll

(d
el

ay
ed

)
Fe

ed
ba

ck
 n

um
be

r o
f

w
or

ds

Fe
ed

ba
ck

 s
en

tim
en

t

Demographic attributes

Age

Gender female

Gender male

Gender prefer not to
say

Race american indian
or alaska native

Race asian

Race black or
african american

Race other

Race prefer not to
say

Race white

Degree associate's
degree

Degree college
graduate

Degree doctorate

Degree high school
graduate

Degree master's
degree

Degree other
graduate/professional

school

Degree some college

Degree some graduate
training

Number fluent
languages

Number familiar
languages

Color vision

Vision impaired

Health and wellness
anxiety or depression

Health and wellness
high blood pressure

Health and wellness
bipolar

Health and wellness
hypothyroid

Health and wellness
unspecified

medications
Health and wellness

recent head injury

Current stress

Typical stress

Current / typical
stress

Alertness

Water intake

Coffee intake

Location large city

Location rural

Location small city

Location small town

Location suburban

Occupation activity
level

Reported exercise
today

Accurate exercise
report

Plan to exercise

Reported exercise
frequency

Reported exercise
accuracy

Exercise motivation
sentiment

Tracker motivation
sentiment

Clarity fitbit setup

Clarity free recall
(immediate)

Clarity free recall
(delayed)

Clarity vocab
learning (immediate)

Clarity vocab
learning (delayed)

Clarity spatial
learning (immediate)

Clarity naturalistic
recall (immediate)

Clarity naturalistic
recall (delayed)

Clarity survey

Clarity overall

Difficulty free
recall (immediate)

Difficulty free
recall (delayed)

Difficulty vocab
learning (immediate)

Difficulty vocab
learning (delayed)

Difficulty spatial
learning (immediate)

Difficulty
naturalistic recall

(immediate)
Difficulty

naturalistic recall
(delayed)

Feedback number of
words

Feedback sentiment

D
em

og
ra

ph
ic

 a
tt

rib
ut

es

-0.15 0.27 -0.22 -0.20 -0.20 0.19 -0.15 0.04 0.10 -0.20 0.07 0.21 -0.15 0.22 0.16 -0.17 0.38

-1.00 -0.17 -0.17 0.20 0.08 0.08 0.08 0.08 -0.08 0.19 0.26 0.26 0.26 0.27 0.28 -0.22 0.23

-0.08 -0.08 -0.21 -0.08 -0.08 -0.08 -0.08 0.06 -0.27 -0.27 -0.27 -0.28 -0.29 -0.25

-0.02 -0.03 -0.04 -0.02 1.00 -0.23 -0.03 0.15 -0.02 -0.03 -0.06 -0.02 -0.06 -0.02 -0.05 -0.09 0.02 -0.05 -0.02 -0.01 -0.01 -0.01 -0.01 -0.02 -0.14 -0.16 0.07 0.11 -0.03 -0.07 -0.04 -0.06 -0.04 0.17 0.12 0.16 -0.14 -0.12 0.18 -0.10 0.03 0.05 0.06 0.05 0.05 0.05 0.05 0.06 0.05 0.05 0.05 0.05 0.27 0.27 0.16 0.19 0.28 0.10 0.13 -0.05

-0.04 -0.03 -0.02 -0.33 -0.04 -0.02 -0.05 -0.03 -0.03 -0.07 -0.10 0.02 -0.03 -0.02 -0.02 -0.02 -0.02 -0.02 0.15 0.07 -0.06 -0.08 -0.05 -0.10 0.06 -0.06

-0.08 -0.05 -0.03 -0.51 -0.04 -0.07 -0.05 -0.12 -0.04 0.04 -0.10 -0.05 -0.03 -0.03 -0.03 -0.03 -0.04 -0.24 -0.26 0.07 -0.09 -0.08 -0.19 0.05

-0.06 -0.04 -0.58 -0.05 -0.09 -0.07 -0.05 -0.15 0.05 -0.13 -0.06 -0.04 -0.04 -0.04 -0.04 -0.05 0.04 0.19 -0.12 -0.16 0.14 0.11 0.13

-0.02 -0.05 -0.03 -0.05 -0.04 -0.03 0.03 -0.07 -0.04 -0.02 -0.02 -0.02 -0.02 -0.03 -0.02 -0.11 -0.10 -0.06 -0.13 -0.14 -0.14 -0.16 0.08 0.08 0.08 0.08 -0.24 -0.15 -0.13 0.14

-0.23 -0.03 0.15 -0.02 -0.03 -0.06 -0.02 -0.06 -0.02 -0.05 -0.09 0.02 -0.05 -0.02 -0.01 -0.01 -0.01 -0.01 -0.02 -0.14 -0.16 0.07 0.11 -0.03 -0.07 -0.04 -0.06 -0.04 0.17 0.12 0.16 -0.14 -0.12 0.18 -0.10 0.03 0.05 0.06 0.05 0.05 0.05 0.05 0.06 0.05 0.05 0.05 0.05 0.27 0.27 0.16 0.19 0.28 0.10 0.13 -0.05

0.07 0.15 0.11 0.08 -0.07 0.09 0.06 0.06 0.06 0.06 0.07 0.22 -0.13 -0.24 0.22 -0.14

-0.21 -0.04 -0.08 -0.14 -0.06 -0.13 -0.04 -0.11 0.04 -0.05 -0.03 -0.03 -0.03 -0.03 -0.04 -0.03 0.09 0.11 -0.17 -0.16 0.25

-0.11 -0.22 -0.39 -0.16 -0.37 -0.13 0.11 -0.09 0.15 -0.09 0.15 -0.11 0.21 0.23 0.21 -0.21 -0.15

-0.04 -0.07 -0.03 -0.07 -0.02 0.11 0.02 -0.05 -0.03 -0.02 -0.02 -0.02 -0.02 -0.02 0.08 -0.24 -0.16 0.10 -0.08 -0.05 -0.04 0.16 0.09 0.04 0.06 0.06 0.06 0.06 0.06 0.06 0.06 -0.08 -0.06 -0.16 0.09 0.14

-0.15 -0.06 -0.14 -0.05 0.04 -0.03 -0.03 -0.03 -0.03 -0.04 -0.20 -0.01 -0.11 0.16 0.13 0.12 0.12 0.13 0.16 0.27 -0.08 0.14

-0.11 -0.24 -0.08 -0.09 -0.06 -0.06 -0.06 -0.06 0.06 -0.18 0.09 0.20

-0.10 -0.03 -0.09 0.03 -0.04 -0.02 -0.02 -0.02 -0.02 -0.03 -0.17 -0.07 0.09 0.09 0.09 0.09 0.12

-0.08 -0.06 -0.05 0.24 -0.05 0.24 0.23 -0.11 -0.15 -0.22

-0.07 0.02 -0.06 -0.03 1.00 -0.02 -0.02 -0.02 -0.02 0.16 0.11 -0.05 -0.10 -0.06 -0.08 0.17 0.03 0.06 0.07 0.08 0.13

0.31 -0.05 -0.05 -0.05 -0.05 0.31 -0.05 0.12 -0.11 0.20

0.09 0.03 0.03 -0.09 0.26 0.32 -0.11 -0.20 -0.26 -0.17 0.17 0.18 -0.21 -0.16 -0.23

0.03 0.02 0.02 0.02 0.02 -0.22 -0.08 0.22 0.05 0.07 0.04 0.10 -0.16 -0.03 -0.05 0.13 0.16 0.18 0.12 0.13 0.19 0.15 0.04 0.20 0.10 0.05

-0.05 -0.05 -0.04 -0.04 0.21 -0.07 0.27 0.12 0.17 -0.11 0.22

-0.02 1.00 -0.02 -0.02 0.18 0.09 -0.07 -0.09 -0.06 0.16 0.08 0.12 0.13 -0.39

-0.01 -0.01 -0.01 -0.02 0.05 0.11 -0.05 0.07 0.08 -0.07 -0.04 -0.06 0.37 -0.08 0.12 0.16 0.16 0.11 0.07 0.17 0.03 0.05 0.06 0.05 0.05 0.05 0.05 0.06 0.05 0.05 0.05 0.05 -0.06 -0.05 -0.03 0.07 -0.08 0.03 0.13

-0.01 -0.01 -0.02 0.05 0.11 -0.27 0.19 -0.14 0.19 -0.04 -0.06 -0.04 -0.08 0.16 -0.12 -0.09 -0.10 0.05 -0.11 -0.13 -0.15 -0.08 -0.15 -0.41 -0.10 -0.16 -0.12 -0.13 0.05 -0.05 0.16 0.19 -0.13 0.10 0.13 0.06 -0.39

-0.01 -0.02 -0.04 0.11 -0.11 -0.03 -0.07 -0.04 -0.06 -0.04 0.17 0.12 -0.08 0.11 -0.03 0.16 0.03 0.05 0.06 0.05 0.05 0.05 0.05 0.06 0.05 0.05 0.05 -0.13 0.05 0.27 0.16 -0.09 0.07 0.10 -0.08 -0.04

-0.02 -0.13 -0.07 0.18 0.11 0.08 -0.07 -0.04 -0.06 -0.04 0.17 0.12 0.16 -0.14 0.11 -0.03 0.03 0.05 0.06 -0.13 0.05 0.05 0.05 0.06 0.05 0.05 -0.12 0.05 0.16 0.16 -0.03 -0.03 0.02 -0.05

0.17 0.13 0.07 -0.10 -0.05 -0.07 -0.04 0.16 -0.12 0.03 0.06 -0.33 0.06 0.06 0.06 0.09 -0.05

0.66 -0.15 -0.44 -0.20 -0.17 -0.22 -0.24 -0.21 -0.24 -0.18

-0.45 -0.42 0.21 -0.21

0.19 -0.05 0.18 -0.22 0.02 -0.07 0.07 0.19 0.27 0.03 0.01 -0.11 -0.11 0.07 0.22 0.15 0.11 -0.01 0.14 0.22 0.03 0.25 0.16 0.17 0.30 0.27 -0.11 0.02 0.29 0.01 0.18 -0.17

0.11 0.25 0.23

0.24 0.21 -0.16 -0.22 -0.21 -0.17 -0.24

-0.20

-0.22 -0.30 -0.19 -0.41 -0.21 -0.39

-0.19 -0.12 -0.26 -0.24 -0.21 -0.21

-0.16 -0.35 -0.23 0.15 0.15 -0.17 0.23

-0.21 0.25 0.39 0.06 0.14 0.10 0.15 0.18

0.21 0.32 0.21

0.32 0.22 -0.20 0.12 0.26 0.22 -0.20

0.39 0.28

0.21

0.18

0.22 0.16 -0.18 0.19

-0.26

0.46 0.47 0.26 0.27 0.39 0.44 0.32 0.43 0.51 0.19

0.56 0.44 0.72 0.56 0.79 0.63 0.70 0.83 0.35

0.58 1.00 0.77 0.49 1.00 0.46 0.55 0.25 0.27 0.22

0.61 0.55 0.62 0.52 0.57 0.52 0.38 0.25 0.37 0.28 0.10

0.64 0.64 1.00 0.56 0.73 0.22 0.38 0.22 0.45

0.44 0.71 0.45 0.53 0.26

0.51 0.82 0.76 0.55 0.32 0.11

0.54 0.60 0.20 0.37 0.29

0.74 0.46 0.37 0.53

0.36 0.23 0.47

0.72 0.28 0.47 0.35

0.25 0.24 0.42

0.69 0.24 0.40 0.34

0.33 0.32 0.36

0.69

-0.42

Figure S13: Bootstrap-estimated reliable correlations between demographic measures. Demo-
graphic measures are described in the main text (Participants). The reported values denote the
correlation coefficient between the given row and column. Only statistically reliable correlations
are displayed (p < 0.05, corrected; see Exploratory correlation analysis, main text).
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Figure S15: History of fitness activity levels weighted by behavioral performance. This figure is
in the same format as Figure 6a and b, but shows additional fitness-related measures (Tab. S1).
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Figure S16: History of cardiovascular activity weighted by behavioral performance. This figure
is in the same format as Figure 6a and b, but shows additional fitness-related measures (Tab. S1).
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Figure S17: History of sleep efficiency and duration weighted by behavioral performance. This
figure is in the same format as Figure 6a and b, but shows additional fitness-related measures
(Tab. S1).
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Figure S20: History of sleep efficiency and duration weighted by mental health factors. This
figure is in the same format as Figure 6c, but shows additional fitness-related and mental health-
related measures (Tab. S1).
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