
-5

-2.5

0

2.5

5
|v|, |a|

P
re

di
ct

ed
 F

R
A

R2
out

: 0.479

[0.45 0.51]

R2
in

: 0.594

[0.57 0.61]

|v|B
R2

out
: 0.472

[0.45 0.49]

R2
in

: 0.563

[0.54 0.58]

|a|C
R2

out
: 0.432

[0.40 0.46]

R2
in

: 0.545

[0.53 0.56]

-5

-2.5

0

2.5

5
|v|, |a|, |a|*|v|

P
re

di
ct

ed
 F

R

D
R2

out
: 0.368

[0.33 0.40]

R2
in

: 0.629

[0.61 0.65]

|v|, |a|*|v|E
R2

out
: 0.286

[0.23 0.34]

R2
in

: 0.612

[0.59 0.63]

|ax|, |ay|F
R2

out
: 0.283

[0.23 0.33]

R2
in

: 0.564

[0.54 0.58]

-5

-2.5

0

2.5

5
ax, ay

P
re

di
ct

ed
 F

R

G
R2

out
: 0.015

[-0.01 0.04]

R2
in

: 0.232

[0.21 0.25]

vx, vy
H

R2
out

: 0.006

[-0.17 0.15]

R2
in

: 0.582

[0.56 0.60]

|vx|, |vy|, |ax|, |ay|I
R2

out
: -0.047

[-0.20 0.09]

R2
in

: 0.640

[0.62 0.66]

-5

-2.5

0

2.5

5
vx, vy, ax, ay

P
re

di
ct

ed
 F

R

J
R2

out
: -0.069

[-0.24 0.09]

R2
in

: 0.598

[0.58 0.62]

vx, vy, vx * ax, vy * ay
K

R2
out

: -0.084

[-0.28 0.08]

R2
in

: 0.600

[0.58 0.62]

|vx|, |vy|L
R2

out
: -0.840

[-1.36 -0.40]

R2
in

: 0.608

[0.59 0.63]

-5 -2.5 0 2.5 5
Actual FR

-5

-2.5

0

2.5

5

vx, vy, ax, ay

vx * ax, vy * ay

P
re

di
ct

ed
 F

R

M
R2

out
: -1.369

[-2.01 -0.81]

R2
in

: 0.618

[0.60 0.64]

N
s
=6 N

u
=16 N

t
=1117

-5 -2.5 0 2.5 5
Actual FR

|vx|, |vy|, |ax|, |ay|

|vx|*|ax|, |vy|*|ay|O
R2

out
: -2.605

[-4.51 -1.18]

R2
in

: 0.671

[0.65 0.69]

-5 -2.5 0 2.5 5
Actual FR

|vx|, |vy|, |vx|*|ax|, |vy|*|ay|P
R2

out
: -4.969

[-7.13 -3.17]

R2
in

: 0.648

[0.63 0.66]

A D G J M
Model

5

10

15

U
ni

t

Q

-0.1

0

0.1

T
im

e 
La

g 
(s

)

Figure	4	– figure	supplement	3:	Alternative	models	and	model	selection	for	Movement	Units.	Total	speed	and	
acceleration	provide	a	better	explanation	of	the	Movement	Unit	responses	compared	to	more	complex	models	with	
distinct	parameters	for	different	movement	directions.	(A-P)	Titles	of	each	panel	indicate	the	parameters	of	each	model.	
𝒗 and	𝒂 indicate	speed	and	acceleration,	respectively.	x	and	y	subscripts	indicate	movement	along	the	horizontal	and	
vertical	axes,	respectively.	 |. | indicates	Euclidean	norm,	which	equals	the	absolute	value	for	one-dimensional	variables	
(e.g.,	𝒗𝒙)	and	the	vector	magnitude	for	two-dimensional	variables	(e.g.,	total	speed).	The	models	were	trained	on	time	
points	shared	across	all	lags	(grey	lines	in	Fig.	4	– figure	supplement	2)	and	tested	on	held-out	times	not	included	in	
training	(dark	lines	in	Fig.	4	– figure	supplement	2).	Training	and	testing	R2 are	displayed	for	each	model	( 𝑅$"# for	in-
sample,	training	data;	𝑅$%&' for	out-of-sample,	test	data).	95%	confidence	intervals	are	shown	in	brackets.	Negative	𝑅$
indicate	residual	variance	that	exceeds	the	variance	of	underlying	data,	indicating	extremely	poor	model	performance	for	
test	trials,	likely	due	to	overfitting	the	training	data.	(Q)	The	best-fitting	time	lags	for	each	unit	were	similar	across	
models.	Columns	correspond	to	models	in	panels	A-P.		Each	row	corresponds	to	a	specific	Movement	Unit	with	units	
ordered	by	time	lag	of	our	chosen	model	(the	best-fitting	model	containing	total	speed	and	acceleration,	shown	in	panel	
A).




