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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 ¢ 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.



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- minutes (min)

tivity

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 ~ minutes (min)
69% of the maximum heart rate

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

Peak HR Number of daily minutes spent with a heart rate between 85% and ~ minutes (min)

100% of the maximum heart rate

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

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

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.



"INSLaW Jey) 10§ (S)UOHNJLISIP S} Ul papn[oul
a1k dInseawr UaAL3 yoes pad30] sp1oda1 yqar] asoym sjuedonred Afup ‘syuedonred (e 103 pamided arom sainseaw [[e jou jey
dj0u :sjoued [[y 'PaIdPISUOD a1k sanjea pa330] A[JUadal SO A} AUO ‘DINSLaw Yoed 10 *sainsedw dNjeg d ‘sAep ¢ Surpaderd
9} 19A0 uaye) ade1aae ay) Aq papIarp pue Aep 3593 s juedonred yoes 03 1011d yoam a) 1940 padeIaAe ‘DInseawt Yoes Jo sanjea
A[req sarnseawr paurpaseqg °‘q ‘Aep 3s93 sjuedonred yoes o3 1otrd yoom oy} 10A0 paderaae ‘Inseawr Yoed Jo sanjea Afre(q
"S2INSEIW U223y ‘B [[G[9[qR] Ul PaqLIdsap a1k SAINSeaul pue SUONRIAIIQJE [[Y *SIINSLIUr SS3UjY JO suonnquisi(y 93 iy

wreng o - [E—, Jr—
H g H g g g g
H ‘f f F £ 8 8
B : 5 £ 3 H 3
G G g i i i
woom [r——" o [e— soms
H H H H "3 W5 W5 3
& H g £ W £ g g
2 2 £ 2 £ o0t 8 g 8
3 3z g "3 g k- 3 b
2 g g 2 E 3 g
ul H i i " i “d "3 i
q
e) Apog WH ojpIe) YH wing Jeq WH abues-j0-In0 " 3 .
B T J . . . ,
§ H g § ) ‘g g g
£ & “ g g £ «F N
2 2 L3 2 . L3 2 L3
/l 3 3 "3 3 3 B 3 B
g H wd g o H “3 .
]2 i i H “ i i i
'z WE z z " z = =z
§ 3 3 5 o 3 «§ ‘g
2 g . -3 . g 3 H
" «g m g i : d
£ B T 3 g g «2 ES
H g H H H 2
H “g @ «® - & H -




buu.ea| [eneds m
spaeaysely abenbue| ubla.04
12324 JsijeanieN

12304 22,4 W

o dpon

o o

dddd
o

- £E

(g9 pue [19[eg][z9 ‘¢ "s8r) 1593 (1001 SyeIpawLT
yoes uo adueurioyad syuedonred Aq umop uayoiq are H ‘qel) seanseawr sseauy (O [due) dnels pue ‘(q [due]) paurpEseq ‘(e
[ue ) U031 JO SUOTNLISIP Y], "ddueuriofrad dse) ajerpawrur Aq UMOp UIN0I( ‘SaINSLIW SSaUYY JO suonnqnsi| /S amSIry

oo (RO

SJUBWINSEAW delS

T s il THE T EQQ e )
B I A B I O
S| E S IR (S i
S S R/ & iaie
XXXXXX S SRR
1 O O i %SE éd %@@a@%ﬂ
e e ey e e ey ey
1 T [ W i HEE quaﬂ Erm w J _E:
T T

(42am Joud JaA0 96EIAR) SHUBWIAINSEIW JUIIDY



(s pue [£g|[eg|[cg] ¢ "s8r1) 1593 [Te001 BYETpOWILT

yoes uo asouewrojrad syuedonred jsureSe papord are (19 "qer) seinseawr ssouyyy (0 [oue ) dnEIS puk “(q [PuR]) paurEseq ‘(e
[oue ) Juadas Jo sjo[d 1913eds 9], ‘saInsedwr dUeULIoJIdd sk} AjerpawwII SNSIIA SAINSLIW ssauYYy Jo sjo[d 1a)3edg 85 2IN31g

e o

Ao e Ao e
[ ) z o 2 3 [

poqui w00 wonensry
[ v [

e
) 2

o o v

6ujuiea) [eneds |
spiedysely abenbue| ubiai0d
llevas dnsijesnien W
[[CEEYEEY

ey
o s o

oA L. 3 cen 2l R N A N i PR Y7

SjuswaInseaw dljeis el (foam Joud 1ano0 wmm‘_w>mw SJUBWIBINSEIW JUDY ‘e

10



(79 pue [ed [zg“¢ -s8r1) 1591 [Te0a1 pakerap
yoes uo aopueuniojrad sypuedonred Aq umop usyoiq are (1g-qe]) samseaw ssaujy (0 [due ) d1jels pue “(q [Pue ) pauraseq ‘(e
[PUR]) U231 JO SUOHNLISIp 9y, “duewrioyrad yse} pakedp Aq UMOp UM 01q ‘SAINSLIW SSIUIY JO SUOHNQHISI( :6S 2nS1]

: T :ﬂ :.m : _u___se____“_G m _“__“_mum :U __”::

| ] [ aﬁﬁaiﬂﬁ
by - [ e = ﬂ;ﬂﬂwﬁqﬁaﬂé%ﬂ g E%ﬁ_iﬂmiﬂm ]

(abesane yyuow Joud / abeiane yaam Joud) pazijewsou-aulaseg ‘q

g P R R T | ]

spiedysey abenbue| ubia104
11331 dnsijeinien
||ed21 9214

o ost oo os o o o o o

E

il Rasiill

1 s T IR
a.ﬁj

:
|
4

S)USLIINSEIW D1jelS ] (/99M Joud 1910 26BIDAR) SIUSUINSEIW JUIDY e

11



(7 pue [¢d [z ‘¢ "s81q) 1501 [Te0ar

pakefap yoes uo sduewioyiad syuedpnred jsuree payord are (19" qeL) semseaur ssauyty (0 [puR ) IS pu “(q [due]) paurseq
‘(e TouRJ) 7U2031 Jo sjod 1913e0s Y[ "saInseawr dueuI0§13d dse} pake[ap snsIdA sarnseawr ssauwyyy Jo sjo[d 19)3ed5 0[S 231

(9Besane Yuow Joud / abeiane }2am Jolid) pazijewiou-auljaseg

o 1] o

S)UBWINSBA DjelS o (39am Jouid 4aA0 36RIIAR) SHUBWINSEIL JUDIDY

12



sreereca e | [0

Free recall (delayed) 037|030

Naturalistic recall (immediate) 0.26

Naturalistic recall (delayed)

Foreign language flashcards (immediate)

Foreign language flashcards (delayed) 036

Behavioral measures

Spatial learning (intercept) 0.76

Spatial learning (slope)

Free recall (immediate)
Free recall (delayed)

Naturalistic recall (immediate)
Naturalistic recall (delayed)

oreign language flashcards (immediate)
Foreign language flashcards (delayed)
Spatial learning (intercept)

Spatial learning (slope)

Behavioral measures

Figure S11: Bootstrap-estimated reliable correlations between behavioral measures. The mea-
sures are described and summarized in the distributions shown in Figures 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).

13



BMI- 66 0.91
body fat -
weight -
resting heart rate: recent - 00 -0.39 0.70
resting heart rate: recent/baseline - 0 0.37 |
sleep duration: recent - 0 0 00 o
sleep duration: recent/baseline - 0 0 -1.00 -1.00 00 0 00 -1.00 -1.00 -1.00 1.00 1.00 1.0
steps: recent - 028 0.27 [l 0.66 0.9 0.8 (R28 0.25 | 0.19 [T
steps: recent/baseline - 0.28 0.9 0.86 [(BEY 0.80 0.8 -0.39
distance: recent - 0.8 (R28 0.23 | 0.19 [T
distance: recent/baseline - 0.9 0.86 0.79 038 -0.40
elevation: recent - 034 0.34 [0 0.50 0.330.26 | 0.22 [
elevation: recent/baseline - 034 0.34 KX 0.6 058 0.79 (W1} -0.27
floors climbed: recent - 0.34 L5 0.50 033026 0.22
0
o floors climbed: recent/baseline - 0.34 ([ 0.6 0.58 0.79 (1) 0.25
5
@
g light activity: recent - 0.80 0 0.26 | 0.25 (RPN
£
a light activity: recent/baseline - 0.80 0.67 0
g
£ fair activity: recent- 0 (X 0.40 |-0.36
fair activity: recent/baseline - 0.79 0 032
high intensity activity: recent - 0.29 0.68 E E
high intensity activity: recent/baseline - 0.68 0.40

excess calories: recent/baseline -

excess calories: recent -

out-of-range HR: recent -

out-of-range HR: recent/baseline -

fat burn HR: recent - 039

fat burn HR: recent/baseline -

cardio HR: recent - 0.87 |0.62
cardio HR: recent/baseline - 0.60
peak HR: recent - 056

peak HR: recent/baseline -

HR variability -

BMI
body fat

weight

steps: recent
distance: recent
cardio HR: recent
peak HR: recent
HR variability

@
£
s
2
8
s
s
2
g
2
y

elevation: recent
light activity: recent
fair activity: recent
fat burn HR: recent

resting heart rate: recent
sleep duration: recent

sleep duration: recent/baseline
steps: recent/baseline

distance: recent/baseline
elevation: recent/baseline
floors climbed: recent

floors climbed: recent/baseline
light activity: recent/baseline
fair activity: recent/baseline
high intensity activity: recent
excess calories: recent/baseline
excess calories: recent
out-of-range HR: recent
out-of-range HR: recent/baseline
fat burn HR: recent/baseline
cardio HR: recent/baseline

peak HR: recent/baseline

resting heart rate: recent/baseline

high intensity acti

Fitness measures

Figure S12: Bootstrap-estimated reliable correlations between fitness measures. Fitness measures
are described in summarized in Table[SI} 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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Demographic attributes
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Demographic attributes

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. [ST).
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Figure 516: 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. [ST).

18



Immediate memory tests Delayed memory tests

c
S 100
© I
5 Ly
3 s B | LU {
§ W\/‘ Ay
o N y i
8 5o %”J ::t '/J T U
& 4 | | gy
25 # .
00 _
-350 -300 -25 200 -150 -100 50 -350  -300 -250 200 -150 -100 50
Days relative to test Days relative to test
b.
1025
1000
97.5
2\ A \ A
2
g 95.0 L
5 925 ‘ | \ !
4 J o
&
% 90.0 W Free recall
W Naturalistic recall
87.5 Foreign language flashcards
W Spatial learning (intercept)
B0 = = W Spatial learning (sl
= | patial learning (slope)
W Baseline
-350 -300 -250 -200 ~-150 -100 50 -350  -300 -250 200 ~-150 -100 50
Days relative to test Days relative to test

Figure 517: 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.[SI).
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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. [ST).

22



References

[1] Baldassano, C., Chen, J., Zadbood, A., Pillow, J. W., Hasson, U., and Norman, K. A. (2017).
Discovering event structure in continuous narrative perception and memory. Neuron, 95(3):709-

721.

[2] Heusser, A. C., Fitzpatrick, P. C., and Manning, J. R. (2021). Geometric models reveal behavioral
and neural signatures of transforming naturalistic experiences into episodic memories. Nature

Human Behavior, 5:905-919.

[3] McInnes, L., Healy, J., and Melville, J. (2018). UMAP: uniform manifold approximation and

projection for dimension reduction. arXiv, 1802(03426).

[4] Polyn, S. M., Norman, K. A., and Kahana, M. J. (2009). Task context and organization in free
recall. Neuropsychologia, 47:2158-2163.

23



