
METHODS

PARTICIPANTS STIMULI

Infants	were	presented	with	90-second-long	

audio-visual	recordings	of	an	infant	crying,	an	

infant	laughing,	and	an	infant	babbling	(shown	in	

example	below).	These	stimuli	were	presented	on	

a	computer	monitor	using	MATLAB	R2012b	

(MathWorks,	Natick,	MA).	
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Audio-video	recordings	were	collected	over	a	one	week	

period.	 Families	 were	 asked	 to	 record	 for	 ~1h/day	 at	

different	times	during	the	day	in	order	to	capture	a	wide	

range	of	experiences.

Across	toddlers	and	caregivers,	~128.74	hours	of	video	

recordings	were	included	in	the	analyses.
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Interoception	has	been	proposed	to	play	a	significant	role	in	socio-emotional	processes	such	

as	empathy	(Grynberg	&	Pollatos,	2015;	Terasawa,	Moriguchi,	Tochizawa	&	Umeda,	2014)	

and	 self-other	 distinction	 (Palmer	 &	 Tsakiris,	 2018).	 However,	 little	 is	 known	 about	 its	

development	during	infancy.	Heart-evoked	potential	(HEP)	has	been	found	to	be	sensitive	to	

increased	attention	towards	heartbeats	 (Montoya,	Schandry	&	Muller,	1992;	Schandry	&	

Weitkunat,	1990),	suggesting	that	HEP	can	be	useful	as	a	metric	of	interoception	in	infants.		

However,	existing	research	on	HEP	in	infancy	is	scarce,	particularly	its	relation	to	arousal.	This	

study	aims	 to	 investigate	potential	developmental	 changes	 in	HEP	 in	 response	 to	peers	

emotions	in	6-,	9-	and	11-month-old	infants.	In	addition,	we	will	also	explore	any	potential		

relations	between	HEP	amplitude	and	arousal.	

INTRODUCTION

This	 study	explored	 changes	 in	HEP	amplitude	and	

arousal	in	response	to	peers’	emotions,	for	infants	of	

6-,	9-	and	11-months	of	age.	These	preliminary	results	

suggest	no	consistent	significant	differences	 in	HEP	

amplitude	 or	 HR	 between	 the	 different	 emotion	

conditions	for	the	age	ranges	considered	in	this	study,	

except	 for	HR	 in	9-month-old	 infants.	These	 results	

are	 consistent	 with	 those	 studies	 that	 show	 no	

difference	between	emotion	conditions	(Weijs,	Daum	

&	Lenggenhager,	2023).	However,	they	are	not	in	line	

with	some	of	the	previous	studies	finding	a	significant	

difference	 in	 HEP	 amplitude	 for	 different	 emotion	

conditions	(Maister	et	al.,	2017).	

This	 current	 study	 builds	 on	 previous	 research	

through	 the	 use	 of	 multimodal	 stimuli,	 with	

participants	 being	 presented	 with	 audio-visual	

recordings	 of	 realistic	 peer	 infants,	 which	 could	

potentially	 explain	 the	 differences	 in	 results	 in	 this	

study	compared	to	previous	studies.

This	study	also	showed	that	higher	HEP	amplitude	

was	significantly	associated	with	reduced	HR	in	some	

cases,	whereas	in	other	cases,	this	relationship	was	

reversed.	More	specifically,	HEP	amplitude	decreases	

with	 heart	 rate	 for	 younger	 infants,	 whereas	 the	

opposite	 was	 true	 for	 older	 infants.	 These	 results	

suggest	 that	 the	 relationship	 between	 HEP	 and	

arousal	in	response	to	peer	emotions	could	change	

throughout	infancy.	

Changes	in	focused	attention	are	also	known	to	occur	

between	 6-	 to	 12-months	 of	 age	 (Petrie	 Thomas,	

Whitfield,	 Oberlander,	 Synnes	 &	 Grunau,	 2012).	

Therefore,	future	research	could	investigate	relative	

attention	to	interoceptive	and	exteroceptive	stimuli,	

as	 attention	 could	 be	 a	 confounding	 variable	 in	

investigating	interoception.	

Non-analyzable	data	represented	by	very	blurred	frames,	

periods	of	time	when	the	camera	was	not	worn	on	the	

head,	or	was	worn	 incorrectly,	were	excluded	 from	 the	

analyses.
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DATA PROCESSING

EEG & ECG RECORDINGS

Infant	ECG	and	EEG	were	recorded	synchronously	

using	the	EGI	NetAmps400	system.	A	128-electrode	

HydroCel	Geodesic	Sensor	Net	(Electrical	Geodesic	

Inc.,	 Eugene,	 OR)	 was	 used	 to	 record	 EEG	

continuously.	ECG	activity	was	recorded	using	the	

Physio16	(Electrical	Geodesic	Inc.,	Eugene,	OR)	and	

AmbuBlue	pediatric	electrodes.

Offline	EEG	pre-processing	was	carried	out	using	the	

HAPPE	pipeline	(Gabard-Durnam	et	al.,	2018;	Lopez	et	al.,	

2022;	Monachino	et	al.,	2022).	A	0.3-30Hz	bandpass	filter	

and	50Hz	notch	filter	was	applied	on	the	continuous	EEG	

data.	ECG-related	artifacts	were	corrected	by	

interpolating	through	values	that	fell	outside	a	local	

median.	Baseline	correction	was	applied	between	-200	

milliseconds	and	-50	milliseconds	before	the	onset	of	the	

stimulus	(R-peak).	The	EEG	data	were	segmented	with	a	

duration	of	550	milliseconds	(-200ms	to	350ms)	time-

locked	to	the	onset	of	the	R-peak.	Any	segments	with	

double	R-peaks	within	350ms	were	removed.	Bad	

channels	were	interopolated.	
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AMPLITUDE 

Age	group N

T1	(6-7	months)	 26

T2	(8-9	months) 23

T3	(10-11	months) 20

The	 time	 window	 of	 250-
350ms	 following	 the	onset	of	
the	heartbeat	was	identified	as	
containing	 HEP	 amplitudes	
d i s c r im ina t i ng 	 be tween	
emotion	 conditions	 across	 all	
timepoints,	therefore,	this	time	
window	was	used	for	analyses	
of	HEP	data.
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