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1 	 | 	 INTRODUCTION

How	we	process	visual	information	is	influenced	by	previ-
ous	experience.	Experience	with	certain	stimulus	classes	
improves	 the	ability	 to	detect,	discriminate,	and	 identify	
these	stimuli	(e.g.,	Sigman	&	Gilbert, 2000;	Yi	et	al., 2006)	–			
an	 effect	 termed	 perceptual	 learning,	 leading	 to	 percep-
tual	 expertise	 for	 certain	 visual	 objects.	 Arguably	 the	

most	 important	 domain	 of	 objects	 for	 which	 most	 indi-
viduals	have	acquired	visual	expertise	is	human	faces.	A	
robust	 demonstration	 of	 expertise	 in	 face	 perception	 is	
the	 disproportionally	 strong	 decrement	 in	 performance	
following	picture-	plane	inversion	of	faces	as	compared	to	
inverting	other	objects	(Diamond	&	Carey, 1986;	Rossion	
&	 Curran,  2010;	Yin,  1969).	This	 face	 inversion	 effect	 is	
usually	explained	by	assuming	that	inversion	specifically	
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Abstract
Previous	 reports	 suggest	 that	 East-	Asians	 may	 show	 larger	 face-	elicited	 N170	
components	in	the	ERP	as	compared	to	Caucasian	participants.	Since	the	N170	
can	 be	 modulated	 by	 perceptual	 expertise,	 such	 group	 differences	 may	 be	 ac-
counted	 for	 by	 differential	 experience,	 for	 example,	 with	 logographic	 versus	
alphabetic	scripts	 (script	 system	hypothesis)	or	by	exposure	 to	abundant	novel	
faces	during	the	immersion	into	a	new	social	and/or	ethnic	environment	(social	
immersion	 hypothesis).	 We	 conducted	 experiments	 in	 Hong	 Kong	 and	 Berlin,	
recording	ERPs	in	a	series	of	one-	back	tasks,	using	same-		and	other-	ethnicity	face	
stimuli	in	upright	and	inverted	orientation	and	doodle	stimuli.	In	Hong	Kong	we	
tested	local	Chinese	residents	and	foreign	guest	students	who	could	not	read	the	
logographic	script;	in	Berlin	we	tested	German	residents	who	could	not	read	the	
logographic	script	and	foreign	Chinese	visitors.	In	both	experiments,	we	found	
significantly	larger	N170	amplitudes	to	faces,	regardless	of	ethnicity,	in	the	for-
eign	than	in	the	local	groups.	Moreover,	this	effect	did	not	depend	on	stimulus	
orientation,	suggesting	that	the	N170	group	differences	do	not	reflect	differences	
in	configural	visual	processing.	A	group	of	short-	term	German	residents	in	Berlin	
did	not	differ	in	N170	amplitude	from	long-	term	residents.	Together,	these	find-
ings	 indicate	 that	 the	 extensive	 confrontation	 with	 novel	 other-	ethnicity	 faces	
during	immersion	in	a	foreign	culture	may	enhance	the	neural	response	to	faces,	
reflecting	the	short-	term	plasticity	of	the	underlying	neural	system.

K E Y W O R D S

configural	processing,	event-	related	potentials,	face	perception,	N170,	social	experience
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disrupts	 the	 processing	 of	 configural	 information	 (spa-
tial	relations	between	facial	features)	which	is	especially	
important	 for	 face	 perception	 (for	 a	 review	 see	 Maurer	
et	al., 2002).	Perceptual	training	studies	demonstrated	that	
the	face	inversion	effect	increased	after	training	with	up-
right	faces	and	decreased	after	training	with	inverted	faces	
(Ashworth	et	al., 2008;	Hussain	et	al., 2009).

Valuable	tools	for	investigating	the	neural	correlates	of	
face	processing	and	perceptual	expertise	are	 the	electro-
encephalogram	(EEG)	and	event-	related	potential	(ERP).	
ERP	studies	revealed	a	negative-	going	component	peaking	
at	about	170	ms	after	face	presentation	onset,	termed	N170	
and	suggested	 to	 reflect	 the	 structural	encoding	of	 faces	
(for	 reviews	 see	 Eimer,  2011;	 Rossion	 &	 Jacques,  2011).	
More	specifically,	the	N170	is	considered	to	index	config-
ural	processing	(Eimer	et	al., 2011;	Sagiv	&	Bentin, 2001;	
Zion-	Golumbic	 &	 Bentin,  2007),	 most	 prominently	 evi-
denced	by	its	sensitivity	to	face	inversion,	which	increases	
both	 N170	 amplitude	 and	 latency	 (Caharel	 et	 al.,  2013;	
Jacques	 &	 Rossion,  2010;	 Rossion	 et	 al.,  2000;	 Sadeh	 &	
Yovel, 2010).

ERP	 studies	 have	 reported	 effects	 of	 perceptual	 ex-
pertise	 on	 the	 N170	 component.	 Long-	term	 perceptual	
expertise	 about	 certain	 objects	 is	 associated	 with	 larger	
N170	 amplitudes	 in	 response	 to	 objects	 of	 a	 partici-
pant's	area	of	expertise	(e.g.,	dogs,	birds,	 fingerprints,	or	
cars)	 as	 compared	 to	 objects	 outside	 of	 this	 area	 (Busey	
&	 Vanderkolk,  2005;	 Gauthier	 et	 al.,  2003;	 Tanaka	 &	
Curran, 2001).	Other	studies	showed	that	short-	term	per-
ceptual	training	with	laboratory-	created	stimulus	catego-
ries	(e.g.,	greebles)	increased	N170	amplitudes	in	response	
to	these	stimuli	(Rossion	et	al., 2002,	2004).	Face-	like	N170	
inversion	effects	were	also	found	in	domains	of	non-	face	
objects	of	expertise	(e.g.,	words)	(Dering	et	al., 2013;	Wang	
et	al., 2011).	Since	the	N170	response	is	frequently	modu-
lated	 by	 perceptual	 experience,	 culture-	specific	 perspec-
tives	have	attracted	interest.

It	is	well-	known	that	faces	of	different	ethnicity	are	rec-
ognized	with	greater	difficulty	than	faces	of	one's	own	eth-
nicity	(e.g.,	Byatt	&	Rhodes, 2004;	Walker	&	Tanaka, 2003).	
This	other-	race	effect	is	commonly	accounted	for	by	the	rel-
ative	lack	of	perceptual	experience	with	other-	race	as	com-
pared	to	same-	race	faces	(e.g.,	Rhodes	et	al., 2009;	Tanaka	
et	al., 2004).	Specifically,	greater	experience	with	own-	race	
faces	may	cause	them	to	be	processed	in	a	configural	way,	
whereas	other-	race	faces	may	process	 in	a	more	feature-	
based	manner	because	of	low	levels	of	expertise	(Michel	
et	al., 2006;	Rhodes	et	al., 1989;	Tanaka	et	al., 2004).	Some	
researchers	argued	 the	 role	of	 social	cognitive	 factors	 in	
other-	race	 effects.	 In	 particular,	 the	 ingroup/outgroup	
hypothesis	holds	that	when	individuals	encounter	a	face,	
they	 first	 assess	 whether	 it	 belongs	 to	 an	 in-	group	 (i.e.,	
same	race)	or	an	out-	group	(i.e.,	other	race)	member	(see	

reviews	 Hugenberg	 et	 al.,  2010;	Young	 et	 al.,  2012).	 For	
instance,	Hugenberg	and	Corneille (2009)	found	that	in-
group	faces	(Western	students	from	the	same	university)	
were	 processed	 more	 configurally	 than	 outgroup	 ones	
(Western	 students	 at	 a	 different	 university),	 suggesting	
a	 role	 of	 the	 ingroup/outgroup	 status	 in	 configural	 pro-
cessing	and	supporting	the	importance	of	social	cognitive	
aspects	in	accounting	for	the	other-	race	effect.	The	other	
ongoing	debate	concerns	whether	the	N170	is	sensitive	to	
face	race.	A	number	of	studies	found	other-	race	effects	in	
the	N170	but	with	 inconsistent	direction,	some	showing	
larger	 N170	 to	 same-	race	 than	 to	 other-	races	 faces	 (e.g.,	
Herrmann	et	al., 2007;	Ito	&	Urland,	2005 ),	whereas	oth-
ers	show	the	opposite	pattern	(Gajewski	et	al., 2008;	Stahl	
et	 al.,  2008;	 Wiese	 et	 al.,  2014).	 However,	 other	 studies	
failed	 to	 report	 the	 sensitivity	 to	 race	 on	 the	 N170	 (e.g.,	
Caldara	et	al., 2003,	2004;	Tanaka	&	Pierce, 2009).	The	het-
erogeneity	of	the	N170	race	effects	might	be	due	to	meth-
odological	differences	across	previous	studies	such	as	task	
demand	(Senholzi	&	Ito,	2013;	Wiese, 2013).

Some	studies	indicate	differences	between	participant	
groups	 of	 different	 ethnic	 origins.	 Face-	elicited	 N170	
in	 adults	 was	 significantly	 larger	 in	 East-	Asian	 than	 in	
Caucasian	participants	in	the	study	of	Dering	et	al. (2013);	
in	 other	 studies	 (Gajewski	 et	 al.,  2008;	 Herzmann	
et	al., 2011;	Vizioli	et	al., 2010;	Wiese	et	al., 2014),	similar	
patterns	of	(statistically	non-	significant)	larger	mean	face-	
elicited	N170	amplitudes	in	East-	Asians	than	Caucasians	
were	 observed.	 In	 children,	 Ma	 et	 al.  (2022)	 found	 sig-
nificantly	 larger	 face-	elicited	N170	responses	 in	Chinese	
as	 compared	 to	 German	 early	 readers.	The	 authors	 sug-
gested	that	this	difference	may	be	due	to	the	differential	
demands	placed	on	the	visual	and	mnemonic	processing	
in	 different	 script	 systems	 learned	 by	 the	 Children	 after	
one	 year	 of	 formal	 reading	 training.	 This	 script	 system	
hypothesis	 is	 based	 on	 the	 neuronal	 recycling	 hypoth-
esis	 proposed	 by	 Dehaene	 and	 Cohen  (2007),	 that	 read-
ing	“recycles”	preexisting	cortical	networks	 that	evolved	
for	 different	 but	 similar	 functions	 (e.g.,	 face	 perception)	
and	creates	its	own	brain	networks.	Numerous	empirical	
studies	have	demonstrated	the	effects	of	reading	acquisi-
tion	on	face	perception	(e.g.,	Dehaene	et	al., 2010,	2015;	
Hervais-	Adelman	 et	 al.,  2019;	 Szwed	 et	 al.,  2011;	 van	
Paridon	et	al., 2021).	For	example,	some	ERP	studies	in-
dicated	a	dependent	relationship	between	the	 face	N170	
and	word	N170,	especially	concerning	their	co-	dependent	
trajectory	 of	 development	 during	 reading	 acquisition	
(e.g.,	 Dundas	 et	 al.,  2014;	 Li	 et	 al.,  2013).	 Furthermore,	
previous	evidence	that	readers	of	visually	more	complex	
scripts	(e.g.,	logographic	Chinese)	tend	to	demonstrate	su-
perior	 visual	 skills	 compared	 to	 readers	 of	 less	 complex	
alphabetic	scripts	(e.g.,	Demetriou	et	al., 2005;	Huang	&	
Hanley, 1995;	McBride-	Chang	et	al., 2011).	For	example,	
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Demetriou	et	al. (2005)	found	that	Chinese	children	out-
performed	Greek	school	children	on	tests	of	global	(holis-
tic)	visuospatial	processing.	Therefore,	it	may	be	plausible	
that	differential	training	of	visual	perception	and	memory	
required	 for	 becoming	 a	 skilled	 Chinese	 reader	 as	 com-
pared	 to	 an	 alphabetic	 script	 reader	 might	 differentially	
impact	non-	verbal	visual	processing,	manifesting	also	 in	
processing	 other	 visual	 stimuli	 of	 sufficient	 complexity,	
such	as	faces.	Given	that	the	resemblance	with	respect	to	
visual	characteristics	is	particularly	striking	between	logo-
graphic	 scripts	 (e.g.,	 Chinese	 characters)	 and	 faces	 (Liu	
et	al., 2009;	Ma	et	al., 2022),	the	script	system	hypothesis	
assumes	 that	 learning	Chinese	 script	during	 reading	ac-
quisition	is	likely	to	transfer	to	and	influence	face	process-
ing	to	a	larger	extent	than	learning	an	alphabetic	script.

In	 the	 adult	 studies	 indicating	 group	 differences	 in	
N170,	the	East-	Asians	were	mainly	Chinese	and	Japanese,	
who	 are	 required	 to	 master	 logographic	 script	 systems,	
which	 are	 visually	 more	 complex	 than	 alphabetical	
scripts	used	by	Western	Caucasians	(Chang	et	al., 2016).	
Therefore,	differences	in	face-	elicited	N170	between	East-	
Asian	adults	and	Caucasian	adults	might	be	contributed	
to	 their	differences	 in	visual	and	mnemonic	 training	ex-
perience	 required	 for	 becoming	 a	 skilled	 logographic	
script	 reader	 as	 compared	 to	 alphabetic	 script	 readers.	
Specifically,	 the	 script	 system	 hypothesis	 assumes	 that	
learning	a	logographic	script	system	may	have	generalized	
neurocognitive	 consequences	 by	 strengthening	 holistic	
visual	processing	to	visual	stimuli	of	sufficient	complex-
ity,	such	as	faces.	This	notion	is	supported	by	the	finding	
of	Ma	et	al. (2022)	that	Chinese	children	also	showed	an	
enhanced	 N170	 to	 Mooney	 faces	 which	 have	 to	 be	 pro-
cessed	 holistically	 as	 there	 are	 no	 separable	 facial	 fea-
tures	 (Mooney, 1957),	as	 compared	 to	German	children,	
indicating	 that	 the	 N170	 differences	 specifically	 related	
to	the	superiority	of	Chinese	children	in	holistic	face	pro-
cessing.	Since	the	N170	is	held	to	be	a	neural	signature	of	
holistic	processing	(e.g.,	Eimer	et	al., 2011),	the	enhanced	
face-	N170	 in	 East-	Asian	 adults	 relative	 to	 Caucasian	
adults	might	also	reflect	a	relative	dominance	of	holistic	
processing	in	East-	Asians.

The	 evidence	 in	 favor	 of	 more	 holistic	 processing	
in	 East-	Asians	 has	 been	 reported	 in	 a	 large	 number	 of	
cross-	cultural	studies	where	Westerners	 tend	to	be	more	
independent	 and	 more	 analytic,	 while	 East-	Asians	 tend	
to	 be	 more	 interdependent	 and	 holistic	 (e.g.,	 Markus	 &	
Kitayama, 1991;	Nisbett	et	al., 2001;	Varnum	et	al., 2010).	
In	 particular,	 similar	 cultural	 differences	 were	 found	 in	
face	perception	areas.	For	instance,	Miyamoto	et	al. (2011)	
found	that	Japanese	were	more	likely	to	use	overall	resem-
blance	 rather	 than	 feature-	matching	 for	 choosing	a	pro-
totypical	 face	 as	 compared	 to	 Americans.	 Furthermore,	
a	series	of	eye-	tracking	studies	reported	that	East-	Asians	

tended	 to	 maintain	 fixation	 on	 the	 nose	 or	 central	 area,	
(i.e.,	 a	 holistic	 pattern)	 whereas	 Westerners	 tended	 to	
focus	on	the	eyes	and	lips	of	faces	(i.e.,	an	analytic	pattern)	
(Blais	et	al., 2008;	Miellet	et	al., 2013;	Rodger	et	al., 2010),	
consistent	 with	 cultural	 differences	 in	 face	 processing	
strategies.	Unfortunately,	 findings	of	culture-	specific	eye	
movement	patterns	have	not	been	found	in	other	studies	
on	 adult	 participants	 (Chuk	 et	 al.,  2017;	 Or	 et	 al.,  2015;	
Rayner	et	al., 2007)	and	the	holistic	face	processing	mea-
sured	by	inversion	effects	is	not	modulated	by	the	fixation	
patterns	on	faces	(Zhong	et	al., 2021).	Hence,	it	is	unclear,	
whether	an	enhanced	N170	in	the	East-	Asian	adult	popu-
lation	would	indeed	relate	to	preferentially	holistic	vision	
in	face	processing.

As	 mentioned	 above,	 the	 N170	 can	 be	 modulated	 by	
short-	term	 training	 experience.	 For	 example,	 increased	
exposure	to	a	specific	visual	stimulus	category	leads	to	a	
significant	 increase	 in	 N170	 amplitude	 to	 this	 stimulus	
category	(Scott	et	al., 2006,	2008),	thus	the	apparently	en-
hanced	face	N170	in	East-	Asian	participants	in	the	adult	
studies	 might	 be	 due	 to	 increased	 exposure	 experience	
with	faces	as	compared	to	Caucasians.	Notably,	the	East-	
Asian	participants	of	the	above-	mentioned	cross-	cultural	
studies	had	been	foreigners	and	hence	immersed	for	some	
time	into	the	(Western)	society	where	the	study	was	con-
ducted;	in	contrast,	the	Caucasian	participants	likely	had	
been	locals	of	the	host	country.

As	compared	to	children,	adults	typically	engage	in	a	
larger	variety	of	activities,	related	to	their	occupation	and	
social	life,	bringing	with	them,	a	greater	variety	of	social	
encounters.	 Thus,	 Oruc	 et	 al.  (2019)	 reported	 that	 faces	
have	 a	 prominent	 presence	 in	 the	 every-	day	 visual	 ex-
perience	 of	 adults	 with	 an	 average	 of	 255	 faces	 per	 day.	
Therefore,	the	East-	Asians	in	the	cross-	cultural	adult	stud-
ies	probably	had	been	exposed	to	a	relatively	large	number	
of	new	faces	in	an	unfamiliar	and	other-	ethnic	social	en-
vironment	as	compared	 to	 the	Caucasians.	According	 to	
face	space	 theory	(Valentine, 1991),	new	faces	may	alter	
the	representational	space	of	the	face	recognition	system	
where	 faces	 are	 coded	 on	 multiple	 dimensions	 in	 refer-
ence	to	a	prototype,	representing	the	average	of	the	faces	
that	a	person	has	encountered.	For	example,	visual	train-
ing	on	the	dimensions	of	other-	race	faces	led	to	a	reduc-
tion	of	the	other-	race	effect	(Hills	&	Lewis, 2006).	Possibly,	
the	 substantial	 increase	 of	 unfamiliar	 face	 exposure	 in	
foreigners,	 especially	 in	 a	 different	 predominant	 ethnic-
ity	may	stimulate	the	face	processing	system,	resulting	in	
enhanced	N170	amplitudes	to	faces.	We	will	refer	to	this	
alternative	explanation	for	the	increased	N170	in	the	East-	
Asian	participants	in	previous	studies	as	the	social	immer-
sion	hypothesis.

The	social	 immersion	hypothesis	 is	supported	by	evi-
dence	that	after	about	1	to	2	years	spent	in	a	new	ethnic	
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environment	emotion	recognition	performance	improves	
and	 the	 correlated	 neural	 activity	 increases,	 indicat-
ing	 successful	 acclimatization	 and	 adaptation	 (Derntl	
et	al., 2009;	Elfenbein	&	Ambady, 2002).	More	specifically,	
Gajewski	et	al. (2008)	found	that	the	duration	of	residence	
in	Europe	for	East-	Asian	participants	positively	correlated	
with	the	latency	of	the	N170	to	both	own	and	other-	race	
faces,	suggesting	that	the	short-	term	experience	in	a	new	
ethnic	environment	may	influence	the	neural	correlates	of	
face	processing.

For	 the	 participants	 with	 increased	 face-	N170	 ampli-
tudes	in	the	above-	mentioned	adult	studies,	the	geograph-
ical	region	where	the	study	was	conducted	constituted	not	
only	a	new	social	environment	but	also	a	different	ethnic	
environment.	 Thus,	 two	 types	 of	 immersion	 experience	
may	 have	 to	 be	 distinguished:	 immersion	 into	 a	 differ-
ent	ethnic	social	environment	(new-	ethnicity	immersion	
hypothesis)	 and/or	 immersion	 into	 a	 new	 social	 context	
(global	new	social	immersion	hypothesis).

1.1	 |	 The present study

We	 examined	 the	 face-	elicited	 N170	 in	 East-	Asians	 and	
Caucasians	 in	 a	 cross-	cultural	 study	 by	 conducting	 two	
ERP	 experiments,	 aiming	 to	 assess	 differences	 in	 face-	
elicited	 N170	 amplitudes	 between	 these	 groups.	 More	
importantly,	 we	 wanted	 to	 identify	 the	 factor(s)	 under-
lying	such	a	difference,	 if	confirmed,	namely	 the	role	of	
the	acquired	script	system	and/or	the	experienced	social	
immersion.	 Experiment	 1	 was	 conducted	 in	 an	 East-	
Asian	 society	 (Hong	 Kong)	 by	 recruiting	 local	 Hong	
Kong	 Chinese	 (LC)	 participants	 and	 non-	Chinese	 (NC)	
participants	 who	 could	 not	 read	 any	 logographic	 scripts	
and	 had	 recently	 come	 to	 Hong	 Kong	 from	 other	 coun-
tries.	 Experiment	 2	 was	 conducted	 in	 Western	 society	
(Berlin,	 Germany)	 by	 recruiting	 long-	term	 Berlin	 resi-
dents	 (LB)	 who	 were	 native	 German	 speakers	 without	
logographic	script	reading	experience	and	local	residents	
in	Berlin,	short-	term	Berlin	residents	(SB)	who	were	na-
tive	German	speakers	without	logographic	script	reading	
experience	and	had	recently	come	to	Berlin	from	other	cit-
ies	in	Germany	and	short-	term	Chinese	visitors	(SC)	who	
had	recently	come	to	Germany	from	China.	During	EEG	
recordings	in	both	experiments,	participants	completed	a	
series	of	one-	back	tasks	using	pictures	of	upright	as	well	
as	inverted	Asian	and	Caucasian	faces	and	doodle	stimuli	
(complex	black	and	white	line-	drawings).	This	task	allows	
to	monitor	participants'	attention	and	is	very	easy	for	most	
participants	(at	least	in	the	upright	condition).	A	further	
reason	 for	 choosing	 this	 easy	 task	 was	 the	 comparabil-
ity	 with	 a	 companion	 study	 in	 7-	year-	old	 children	 (Ma	

et	al., 2022).	Since	the	task	is	very	easy,	we	expect	ceiling	
effects	in	both	groups.	Nevertheless,	reaction	time-	based	
group	differences	may	be	expected	if	there	are	ability	dif-
ferences	between	the	groups,	in	line	with	Ma	et	al. (2022)	
where	a	group	difference	between	German	and	Chinese	
children	 was	 observed	 in	 reaction	 times	 in	 a	 one-	back	
face	task.	We	used	both	East-	Asian	and	Caucasian	faces	
as	stimuli	in	order	to	control	for	other-	ethnicity	stimulus	
effects,	which	were	not	the	research	question	of	the	pre-
sent	 study.	 Inverted	 faces	 were	 used	 to	 examine	 the	 in-
terpretation	of	possible	group	differences	 in	the	N170	in	
terms	of	holistic	processing.	When	faces	are	inverted,	it	is	
difficult	 to	process	 them	holistically	or	configurationally	
(Maurer	et	al., 2002).	 If	an	observed	group	difference	 in	
N170	reflects	differences	in	holistic	processing,	it	should	
be	more	pronounced	for	upright	than	for	 inverted	faces.	
The	 control	 condition	 with	 complex	 abstract	 patterns	
without	clear	relational/configural	information	(i.e.,	doo-
dles)	serves	to	examine	whether	the	group	differences	in	
N170	amplitudes	are	specific	to	faces.

In	summary,	the	script	system	hypothesis	would	be	sup-
ported	by	larger	face-	elicited	N170	amplitudes	in	Chinese	
participants	in	both	Experiment	1	and	Experiment	2	as	in	
Ma	et	al.  (2022).	The	general	social	 immersion	hypothe-
sis,	however,	would	be	supported	by	larger	face-	N170	am-
plitudes	 in	 participants	 that	 had	 moved	 into	 their	 novel	
social	 environments	 only	 a	 short	 time	 ago	 (Experiment	
1:	 non-	Chinese	 participants;	 Experiment	 2:	 short-	term	
Chinese	 and	 short-	term	 German	 participants).	 In	 addi-
tion,	Experiment	2	could	further	differentiate	between	the	
global	novel	social	immersion	and	the	new-	ethnicity	im-
mersion	hypothesis	by	comparing	the	two	German	groups	
and	two	short-	term	groups	respectively.

Apart	 from	 the	 N170	 we	 also	 assessed	 the	 visual	 P1	
component.	The	P1	component	is	an	early	occipital	pos-
itive	 component	 peaking	 at	 approximately	 100	ms	 fol-
lowing	 stimulus	 onset	 and	 is	 thought	 to	 originate	 from	
the	 extrastriate	 brain	 regions	 (e.g.,	 Clark	 et	 al.,  1994;	 Di	
Russo	et	al., 2002).	It	is	sensitive	to	low-	level	visual	stim-
ulus	 properties,	 such	 as	 size,	 luminance	 or	 contrast	 but	
is	also	modulated	by	attention	(for	a	review,	see	Hillyard	
et	 al.,  1998).	Thus,	 this	 component	 allowed	 us	 to	 assess	
contributions	 of	 low-	level	 processing	 and	 attention	 to	
any	group	differences	in	the	following	N170.	In	addition,	
some	 studies	 of	 face	 perception	 suggest	 that	 P1	 is	 face-	
sensitive	and	larger	in	response	to	faces	than	to	other	ob-
jects	(Herrmann	et	al., 2005;	Itier	&	Taylor, 2004a).	Also,	
larger	P1	amplitudes	have	been	reported	to	inverted	than	
to	upright	faces,	suggesting	that	P1	might	reflect	holistic	
face	 processing	 (Itier	 &	 Taylor,  2002,	 2004b).	 Therefore,	
the	present	study	also	examined	whether	the	group	would	
be	observed	in	P1.
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2 	 | 	 EXPERIMENT 1:  HONG KONG

2.1	 |	 Method

2.1.1	 |	 Participants

Participants	 were	 38	 university	 students	 living	 in	 Hong	
Kong	at	the	time	of	the	experiment.	Prior	to	commencing	
the	 experiment,	 all	 participants	 provided	 informed	 con-
sent	and	completed	the	Edinburgh	Handedness	Inventory	
and	a	questionnaire	regarding	demographic	information.	
Two	participants	had	to	be	excluded	because	of	poor	data	
quality.	 Of	 the	 remaining	 N  =  36	 participants,	 18	 were	
local	Hong	Kong	Chinese	(LC	group)	[mean	age = 20.44	
years	 (SD  =  3.06);	 10	 females;	 16	 right-	handed]	 and	 18	
were	 non-	Chinese	 visitors	 (NC	 group)	 who	 had	 lived	 in	
Hong	 Kong	 for	 an	 average	 of	 10  months	 (SD  =  10.66)	
[mean	age = 19.83	years	(SD = 1.67);	11	females;	14	right-	
handed].	Non-	Chinese	participants	were	alphabetic	script	
(Latin/Cyrillic)	readers	with	no	logographic	Chinese	read-
ing	experience	and	consisted	of	eight	Western	Caucasians,	
four	Southeast-	Asians,	four	Eurasians	and	two	Subsaharan	
Africans.	 All	 participants	 had	 normal	 or	 corrected-	to-	
normal	vision.	The	experiment	was	approved	by	The	Joint	
Chinese	University	of	Hong	Kong	–		New	Territories	East	
Cluster	 Clinical	 Research	 Ethics	 Committee	 (The	 Joint	
CUHK-	NTEC	CREC)	in	accordance	with	the	Declaration	
of	Helsinki.

2.1.2	 |	 Stimuli

Stimuli	consisted	of	160	faces,	160	Chinese	characters	and	
160	abstract	shapes	including	80	doodles	and	80	polygons.	
Face	 stimuli	 were	 grayscale	 frontal	 view	 portraits	 with	
neutral	expressions	(provided	by	Hildebrandt	et	al., 2010).	
Faces	 were	 of	 female	 and	 male	 Chinese	 and	 Caucasian	
adults	in	equal	(see	Figure 1).	All	faces	were	set	to	identical	
luminance	and	contrast	levels	and	fit	into	a	mask-	shaped	

frame,	 4.30°	×	5.73°	 in	 visual	 angle	 at	 the	 given	 viewing	
distance,	which	removed	any	external	features	(i.e.,	back-
ground,	hairline,	clothes,	and	ears).	 Inverted	versions	of	
face	stimuli	were	created	by	picture-	plane	rotations	of	the	
images	 by	 180°.	 Doodles	 were	 random,	 highly	 complex	
combinations	 of	 over-	lapping	 black	 shapes,	 curves,	 and	
lines	(see	Figure 1).	Polygons	were	simple	bold	black	out-
lines	 of	 different	 triangles,	 quadrangles,	 pentagons,	 and	
hexagons.	 All	 doodles	 and	 shapes	 subtended	 a	 maximal	
visual	angle	of	4.77°	×	4.77°.	As	our	hypothesis	concerns	
the	 processing	 of	 faces	 and	 other	 nonverbal	 stimuli,	 we	
will	not	elaborate	on	the	Chinese	character	tasks.

All	 stimuli	 were	 presented	 at	 the	 center	 of	 a	 white	
square	(11.9°	×	11.9°)	on	a	screen	with	an	otherwise	dark	
gray	background.

2.1.3	 |	 Procedure

The	 experiment	 was	 controlled	 by	 E-	Prime	 2.0	 software	
(Psychology	Software	Tools,	Pittsburgh,	PA).	Participants	
were	seated	in	a	dimly	lit	room	at	60	cm	distance	from	the	
computer	screen.	They	performed	a	simple	repetition	de-
tection	(1-	back)	task.	If	the	stimulus	shown	was	the	same	
as	the	preceding	stimulus	(target	trials),	they	should	press	
the	mouse	button.	If	 there	was	no	repetition	(non-	target	
trials),	 no	 action	 was	 required.	 A	 brief	 practice	 session	
with	houses	was	used	to	make	sure	that	participants	had	
understood	 the	 task.	 There	 were	 eight	 blocks,	 one	 for	
every	 stimulus	 condition	 (upright	 Asian	 faces,	 upright	
Caucasian	faces,	inverted	Asian	faces,	inverted	Caucasian	
faces,	upright	Chinese	characters,	inverted	Chinese	char-
acters,	doodles,	and	polygons).	Each	block	consisted	of	80	
non-	target	 trials	 and	 eight	 target	 trials	 (i.e.,	 repetitions)	
presented	in	pseudo-	randomized	order.	In	a	given	block,	
each	 image	 was	 presented	 only	 once	 except	 the	 targets.	
Further,	 we	 balanced	 inversion	 of	 face	 and	 character	
stimuli	so	that	each	image	was	shown	upright	to	half	of	
the	participants	and	upside-	down	to	the	other	half.	Each	

F I G U R E  1  Examples	of	stimuli	used	in	Experiment	1	and	2:	(a)	upright	Asian	faces,	(b)	inverted	Asian	faces,	(c)	upright	Caucasian	
faces,	(d)	inverted	Caucasian	faces,	and	(e)	doodles.
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stimulus	condition	was	presented	in	a	separate	block.	To	
control	for	effects	of	presentation	order,	eight	sequences	
of	blocks	were	constructed,	where	(1)	each	stimulus	con-
dition	occupied	each	possible	position	and	(2)	where	suc-
cessive	 blocks	 in	 most	 cases	 contained	 different	 types	
of	 stimuli.	The	number	of	participants	using	each	block	
sequence	was	matched	between	groups.	 In	addition,	 the	
experiment	lasted	less	than	half	an	hour	and	included	reg-
ular	breaks	in	order	to	counteract	fatigue.	Each	stimulus	
was	 presented	 for	 500	ms,	 followed	 by	 an	 average	 inter-	
stimulus	 interval	 of	 1500	ms	 (varying	 between	 1250	 and	
1750	ms).	 During	 the	 inter-	stimulus	 interval,	 a	 fixation	
cross	appeared	at	the	center	of	the	screen.

2.1.4	 |	 EEG	recording	and	preprocessing

The	 EEG	 was	 sampled	 at	 500	Hz	 using	 a	 128-	channel	
geodesic	sensor	net	(Electrical	Geodesics	Inc.),	with	0.1–	
100	Hz	band-	pass	filter	settings.	Cz	served	as	the	physical	
reference.	Electrode	impedances	were	kept	below	50	kΩ	
throughout	recording.

Offline,	the	EEG	data	were	analyzed	with	Brain	Vision	
Analyzer	2.0	software	and	re-	calculated	to	a	common	aver-
age	reference.	The	signals	were	digitally	low-	pass	filtered	
at	 30	Hz	 (24	dB/Octave,	 zerophase-	type	 filter).	 An	 auto-
mated	 artifact	 detection	 algorithm	 was	 run	 on	 all	 chan-
nels	in	each	segment.	A	channel	was	marked	as	bad	if	(1)	
voltages	exceeded	±100	μV,	or	(2)	absolute	differences	be-
tween	two	adjacent	sample	points	exceeded	75	μV,	or	if	(3)	
the	voltage	range	of	a	given	channel	within	the	entire	seg-
ment	exceeded	150	μV.	A	segment	was	rejected	if	 it	con-
tained	any	bad	channels.	Channels	 that	contained	more	
than	20%	bad	segments	across	the	entire	recording	were	
replaced	 through	spline	 interpolation.	We	only	analyzed	
non-	target	 trials	 because	 there	 were	 only	 8	 target	 trials	
per	condition	and	we	had	no	hypotheses	about	them.	The	
non-	target	trials	were	epoched	at	−100	to	500	ms	relative	
to	stimulus	onset	and	baseline-	corrected	to	the	average	of	
the	pre-	stimulus	interval.	On	average	the	accepted	trials	in	
each	condition	were	>90%.

2.1.5	 |	 Data	analysis

Behavioral data
Performance	 was	 measured	 as	 response	 accuracies	 and	
reaction	 times	 (RTs).	 Using	 IBM	 SPSS	 Statistics	 28,	 we	
analyzed	these	behavioral	measures	for	faces	and	doodles	
separately.	 For	 faces,	 we	 performed	 ANOVAs	 with	 par-
ticipant	group	(LC,	NC)	as	a	between-	subject	factor,	and	
stimulus	orientation	(upright,	inverted)	and	stimulus	race	
(Asian,	Caucasian)	as	within-	subject	factors.	For	doodles	

and	polygons,	we	conducted	separate	unpaired	t-	tests	be-
tween	the	LC	and	NC	group	for	accuracy	and	RT.

ERP data
Topographic ERP analyses. We	 wanted	 to	 ensure	 that	
possible	 group	 differences	 in	 observed	 amplitudes	 or	
latencies	 of	 the	 ERP	 components	 can	 be	 attributed	 to	
differential	cognitive	processing	rather	 than	 topographic	
dissimilarities	 resulting	 from	 inconsistent	 sources	 or	
morphological	 variation.	 A	 global	 way	 to	 determine	 the	
time	 period	 of	 significant	 topographic	 effects	 including	
all	 experimental	 conditions	 is	 the	 topographic	 analysis	
of	 variance	 (TANOVA).	 TANOVA	 is	 a	 non-	parametric	
randomization	test	of	reference-	independent	topographic	
difference	measure	(Murray	et	al., 2008).	When	the	EEG	
data	 are	 normalized	 to	 unit	 variance	 across	 channels,	
significant	 differences	 between	 conditions	 can	 only	
be	 accounted	 for	 by	 differences	 in	 source	 distribution,	
and	 not	 by	 differences	 in	 source	 strength	 alone	 (for	
details	 see	 Koenig	 &	 Melie-	García,  2009;	 Lehmann	 &	
Skrandies, 1980).

We	first	computed	grand	mean	ERPs	of	the	non-	target	
trials	 by	 participants	 and	 stimulus	 conditions,	 epoched	
at	−100	to	500	ms	relative	to	stimulus	onset.	Then	the	P1	
and	N170	components	were	identified	from	Global	Field	
Power	(GFP)	waveforms	of	the	grand	mean	ERPs	across	
participants	 and	 stimulus	 conditions.	 Next,	 separate	
mixed	TANOVAs	with	stimulus	type	(upright	Asian	faces,	
inverted	 Asian	 faces,	 upright	 Caucasian	 faces,	 inverted	
Caucasian	 faces,	 doodles)	 as	 a	 within-	subject	 factor	 and	
participant	 group	 (LC,	 NC)	 as	 a	 between-	subject	 factor	
were	applied	for	a	±	30	ms	time	interval	around	the	corre-
sponding	GFP	peak	of	each	ERP	component	in	Ragu	soft-
ware	 (Randomization	 Graphical	 User	 interface;	 Koenig	
et	 al.,  2011).	We	 computed	 5000	 randomization	 runs	 on	
the	 analyzed	 data	 that	 have	 been	 normalized.	 An	 effect	
will	be	considered	statistically	significant	if	the	p-	value	is	
less	than	.05.

ERP component analyses.	 Using	 IBM	 SPSS	 Statistics	
28,	 we	 conducted	 four-	way	 ANOVAs	 with	 a	 between-	
subject	 factor	 participant	 group	 (LC,	 NC),	 and	 within-	
subject	factors	stimulus	orientation	(upright,	inverted),	
stimulus	 race	 (Asian,	 Caucasian)	 and	 hemisphere	
(left,	 right)	 on	 amplitudes	 and	 latencies	 of	 each	 ERP	
component	 to	 face	 stimuli.	 For	 doodle	 stimuli,	 two-	
way	ANOVAs	with	a	between-	subject	factor	participant	
group	(LC,	NC)	and	a	within-	subject	factor	hemisphere	
(left,	right)	were	performed	on	amplitudes	and	latencies	
of	 each	 ERP	 component.	 Effect	 sizes	 are	 reported	 as	
partial	 eta-	square.	 In	 addition,	 Bonferroni	 correction	
was	applied	to	account	for	multiple	comparisons	in	post- 
hoc	analysis.
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2.2	 |	 Results

2.2.1	 |	 Behavioral	results

Due	 to	 technical	 problems,	 behavioral	 data	 was	 only	
available	 for	15	out	of	18	 local	Chinese	participants	and	
14	 out	 of	 18	 non-	Chinese	 participants.	 For	 faces,	 accu-
racies	 and	 RTs	 were	 submitted	 to	 three-	way	 ANOVAs,	
which	revealed	a	significant	main	effect	of	orientation	for	
both	accuracy	(F(1,	27) = 75.97,	p	<	.001,	�2p	=	0.74)	and	RT	
(F(1,	27) = 11.99,	p = .002,	�2p	=	0.31);	participants	showed	
higher	accuracy	and	faster	responses	for	upright	than	for	
inverted	faces	(Accuracy:	M = 0.98	vs.	0.93,	SD = 0.02	vs.	
0.03;	RT:	M = 631.48	vs.	690.20,	SD = 123.86	vs.	148.79).	
For	doodles	and	polygons,	t-	tests	showed	that	no	signifi-
cant	group	difference	was	observed	for	both	accuracy	and	
RT	(ps	>	.05).

2.2.2	 |	 ERP	results

TANOVA
The	 TANOVAs	 did	 not	 show	 significant	 main	 effects	 of	
participant	group	for	P1	(p = .679)	or	N170	(p = .618),	nor	
interactions	between	participant	group	and	stimulus	con-
dition	for	P1	(p = .627)	or	N170	(p = .142).	These	results	
indicate	that	the	topographies	of	both	ERP	components	to	
any	stimulus	type	were	indistinguishable	between	the	LC	
and	NC	group	(see	Figure 2).	Thus,	the	following	analyses	
were	conducted	on	the	assumption	of	topographic	invari-
ance	of	these	components	between	groups.

ERP component analyses
The	N170	was	measured	at	the	occipitotemporal	electrode	
sites	P7	 (left	hemisphere)	and	P8	 (right	hemisphere),	 as	
frequently	used	in	other	studies	(e.g.,	Dundas	et	al., 2014;	
Eimer,	2011;	Eimer	et	al.,	 2011;	Latinus	&	Taylor, 2005;	
Rossion	&	Jacques,	2008)	and	by	Ma	et	al. (2022).	The	P1	
was	scored	at	the	occipital	electrodes	O1	(left	hemisphere)	
and	 O2	 (right	 hemisphere).	 We	 analyzed	 the	 data	 from	
the	 electrodes	 of	 the	 EGI	 sensor	 net	 that	 corresponded	
to	 these	 electrodes	 in	 the	 10–	20	 system.	 Thus,	 adaptive	
mean	amplitudes	were	averaged	within	a	±30	ms	window	
centered	 on	 the	 peaks	 with	 maximum	 voltages	 detected	
automatically	 between	 110	 and	 210	 ms	 after	 stimulus	
onset	for	N170	(negative	peak)	from	E58/E96	(P7/P8)	sites	
and	 between	 50	 and	 150	 ms	 after	 stimulus	 onset	 for	 P1	
(positive	 peak)	 from	 E70/E83	 (O1/O2)	 sites.	 Peak	 laten-
cies	were	measured	as	 the	 time	point	of	 the	peak	maxi-
mum.	 In	 addition,	 ERP	 latencies	 in	 the	 HK	 data	 had	 to	
be	corrected	by	a	global	shift	of	18	ms	due	to	the	effects	
of	anti-	aliasing	filters	in	EGI	NA300	at	500	Hz	sampling	
rate	(Pegado	et	al., 2014;	Advisory	Notice,	29	August	2014,	

Electrical	 Geodesics	 Inc).	 This	 correction	 had	 no	 effects	
on	data	quality.

P1.	 The	 ANOVAs	 of	 the	 P1	 to	 faces	 (see	 Figure  3)	
showed	a	significant	main	effect	of	 stimulus	orientation	
for	amplitude	(F(1,	34) = 9.83,	p = .004,	�2p	=	0.22)	but	not	
for	 latency	 (p	>	0.05),	 indicating	 a	 larger	 P1	 amplitude	
for	inverted	than	for	upright	faces	(M = 4.53	vs.	3.97	μV,	
SD =  2.55	 vs.	 2.23).	The	 main	 effect	 of	 hemisphere	 was	
significant	for	both	amplitude	(F(1,	34) = 9.83,	p = .004,	
�
2
p	=	0.22)	and	latency	(F(1,	34) = 6.46,	p = .016,	�2p	=	0.16),	

indicating	larger	amplitude	and	longer	latency	in	the	left	
than	right	hemisphere	(Amplitude:	M = 4.50	vs.	4.00	μV,	
SD  =  2.50	 vs.	 2.26,	 Latency:	 M  =  108.99	 vs.	 105.75	ms,	
SD = 8.13	vs.	9.62).

For	P1	amplitudes	and	 latencies	 to	doodles	and	poly-
gons	(see	Figure S1	in	Supporting	Information),	ANOVAs	
did	not	reveal	any	significant	effects	(ps	>	.05).

N170.	 For	the	N170	amplitude	to	faces	(see	Figure 3),	the	
ANOVA	 showed	 a	 significant	 main	 effect	 of	 participant	
group	(F(1,	34) = 5.52,	p = .025,	�2p	=	0.14),	indicating	that	
the	NC	participants	showed	the	larger	face	N170	amplitude	
than	the	LC	participants	(M = −2.04	vs.	−0.42	μV,	SD = 2.41	
vs.	1.62).	 In	addition,	 there	was	a	 significant	 interaction	
between	 participant	 group,	 stimulus	 orientation	 and	
hemisphere	 (F(1,	 34)  =  4.28,	 p  =  .046,	 �2p	 =	0.11).	 To	
decompose	 this	 interaction,	 the	 simple	 main	 effect	 of	
participant	group	was	analyzed	in	each	hemisphere.	The	
results	revealed	a	significant	simple	main	effect	of	group	in	
the	right	hemisphere	(F(1,	34) = 5.33,	p = .027,	�2p	=	0.14),	
but	not	in	the	left	hemisphere	(F(1,	34) = 3.46,	p = .072,	
�
2
p = 0.09).	In	the	right	hemisphere	the	NC	group	showed	

a	significantly	larger	face	N170	amplitude	than	LC	group	
(M = −2.57	vs.	−0.58	μV,	SD = 3.13	vs.	1.89)	whereas	in	the	
left	 hemisphere	 the	 NC	 group	 showed	 only	 numerically	
(statistically	non-	significant)	larger	face	N170	amplitudes	
than	the	LC	group	(M = −1.50	vs.	−0.26	μV,	SD = 2.09	vs.	
1.88).	The	simple	effect	of	stimulus	orientation	was	also	
only	significant	in	the	right	hemisphere	(F(1,	34) = 4.34,	
p = .045,	�2p	=	0.11),	indicating	a	larger	N170	for	inverted	
than	for	upright	faces	(M = −1.86	vs.	−1.30	μV,	SD = 3.19	
vs.	2.49).	The	 simple	 two-	way	 interaction	between	 these	
two	 factors	 was	 not	 significant	 for	 either	 hemisphere	
(ps	>	.05).

For	N170	latency	to	faces,	the	ANOVA	showed	that	the	
main	effect	of	group	was	not	significant	(F(1,	34) = 1.77,	
p = .192,	�2p	=	0.05),	suggesting	the	N170	latency	to	faces	
was	 indistinguishable	 between	 LC	 and	 NC	 participants	
(M  =  159.84	 vs.	 155.10	ms,	 SD  =  10.27	 vs.	 11.11).	There	
were	significant	main	effects	of	stimulus	orientation	(F(1,	
34) =  73.35,	p	<	.001,	�2p	=	0.68),	with	 shorter	 latency	 for	
upright	 than	 inverted	 faces	 (M  =  153.57	 vs.	 161.38	ms,	
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8 of 23 |   MA et al.

SD = 10.36	vs.	11.89),	and	of	stimulus	race	(F(1,	34) = 7.24,	
p = .011,	�2p	=	0.18),	with	shorter	latency	for	Caucasian	faces	
than	Asian	 faces	 (M = 156.57	vs.	158.38	ms,	SD = 11.09	
vs.	10.90),	and	of	hemisphere	(F(1,	34) = 10.35,	p = .003,	
�
2
p	=	0.23),	with	shorter	latencies	in	the	right	than	in	the	

left	hemisphere	(M = 156.08	vs.	159.79	ms,	SD = 10.64	vs.	
11.90).	No	significant	interactions	were	observed	(ps	>	.05).

The	 ANOVAs	 for	 doodles	 did	 not	 reveal	 significant	
main	 effects	 of	 participant	 group	 in	 amplitude	 (F(1,	
34) = 0.00,	p = .971,	�2p	=	0.00)	or	latency	(F(1,	34) = 0.64,	
p = .430,	�2p	=	0.02),	indicating	that	these	parameters	were	
indistinguishable	between	LC	and	NC	groups	(Amplitude:	
M  =  1.79	 vs.	 1.77	μV,	 SD  =  1.90	 vs.	 2.11;	 Latency:	
M = 150.17	vs.	148.89	ms,	SD = 16.49	vs.	19.56).	However,	

F I G U R E  2  Experiment	1:	Topographies	of	grand-	average	peak	amplitudes	of	P1	(108	ms,	panel	a)	and	N170	(154	ms,	panel	b)	of	Chinese	
local	residents	(LC)	and	non-	Chinese	residents	(NC)	in	Hong	Kong	elicited	by	upright	Asian	faces,	inverted	Asian	faces,	upright	Caucasian	
faces,	inverted	Caucasian	faces,	and	doodles.
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the	main	effect	of	hemisphere	was	significant	for	latency	
(F(1,	34) = 4.73,	p = .037,	�2p	=	0.12)	but	not	for	amplitude	
(p	>	0.05),	suggesting	the	latency	was	shorter	for	the	right	
than	 for	 the	 left	 hemisphere	 (M  =  145.67	 vs.	 153.39	ms,	
SD = 21.83	vs.	19.61).	No	interactions	approached	signif-
icance	(ps	>	.05).	The	ANOVAs	of	the	polygon-	elicited	N1	
(see	Figure	S2	in	Supporting	Information)	did	not	reveal	
significant	 main	 effects	 of	 participant	 group	 in	 ampli-
tude	(F(1,	34) = 1.40,	p = .245,	�2p	=	0.04)	or	latency	(F(1,	
34) = 0.03,	p =  .868,	�2p	=	0.00),	 indicating	that	these	pa-
rameters	were	 indistinguishable	between	groups	 (ampli-
tude:	M = 0.19	vs.	1.76	μV,	SD = −0.59	vs.	2.14;	 latency:	

M = 149.56	vs.	150.67	ms,	SD = 16.48	vs.	19.43).	In	addi-
tion,	there	were	not	significant	interactions	(ps	>	.05).

2.3	 |	 Discussion

Experiment	 1	 aimed	 to	 replicate	 differences	 in	 N170	
amplitude	 between	 East-	Asian	 and	 Caucasian	 partici-
pants	 that	were	observed	 in	previous	reports	and	to	dis-
tinguish	 between	 the	 script	 system	 hypothesis	 and	 the	
social	immersion	hypothesis	of	the	effect.	The	script	sys-
tem	hypothesis	would	predict	a	replication	of	larger	N170	

F I G U R E  3  Experiment	1:	Grand-	average	ERP	waveforms	of	Chinese	local	residents	(LC,	blue)	and	non-	Chinese	residents	(NC,	orange)	
in	Hong	Kong	elicited	by	upright	Asian	faces,	inverted	Asian	faces,	upright	Caucasian	faces,	inverted	Caucasian	faces,	and	doodles	at	two	
occipital	sites	showing	the	P1	amplitude	(O1,	left	hemisphere;	O2,	right	hemisphere)	and	two	occipitotemporal	sites	showing	the	N170	
amplitude	(P7,	left	hemisphere;	P8,	right	hemisphere).
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amplitudes	 in	 East-	Asian	 (Hong	 Kong	 Chinese)	 than	 in	
non-	Chinese	participants,	whereas	 the	social	 immersion	
hypothesis	would	predict	 the	opposite,	 that	 is,	a	smaller	
N170	in	Chinese	than	non-	Chinese	participants.

Experiment	 1	 showed	 smaller	 N170	 amplitudes	 to	
faces	in	local	Hong	Kong	Chinese	than	in	non-	Chinese	
participants.	 Importantly,	 this	difference	was	not	mod-
ulated	 by	 stimulus	 race,	 excluding	 the	 contribution	 of	
the	 differences	 of	 facial	 physiognomic	 information	 be-
tween	races	of	faces.	In	addition,	the	absence	of	similar	
group	 differences	 in	 P1	 makes	 it	 unlikely	 that	 the	 ob-
served	N170	difference	was	caused	by	low-	level	stimulus	
properties.

The	 results	 strongly	argue	against	 the	 script	 system	
hypothesis	 but	 support	 the	 social	 immersion	 hypoth-
esis.	 The	 groups	 showing	 enhanced	 face	 N170	 ampli-
tudes	 in	 both	 Experiment	 1	 and	 previous	 studies	 had	
been	immersed	in	new	social	environments.	Thus,	they	
likely	had	been	exposed	to	many	new	faces,	which	they	
needed	 to	 perceive,	 remember	 and	 recognize,	 which	
might	explain	their	enhanced	N170	amplitudes	to	faces	
as	a	 consequence	of	 temporary	 training	experience.	 In	
addition,	 the	 absence	 of	 significant	 group	 differences	
for	both	doodles	and	polygons	in	the	N170	time	window	
might	 indicate	 that	 the	 social	 immersion	 effect	 is	 spe-
cific	 to	 face	 processing;	 however,	 due	 to	 the	 relatively	
small	sample	size,	an	independent	replication	would	be	
desirable.

3 	 | 	 EXPERIMENT 2:  BERLIN

Experiment	1	had	provided	evidence	against	 the	script	
system	account	for	previous	findings	from	western	labs	
of	 larger	 N170	 in	 Chinese	 than	 Non-	Chinese	 partici-
pants,	by	showing	smaller	N170	in	the	Chinese.	Hence,	
Experiment	2	aimed	to	both	confirm	the	rejection	of	the	
script	system	hypothesis	and	support	the	social	immer-
sion	 effect	 on	 the	 face	 processing	 system.	 A	 limitation	
of	Experiment	1	was	that	four	non-	Chinese	participants	
were	 of	 Asian	 descent.	 Hence,	 for	 these	 participants	
(who	had	not	learned	a	logographic	script	system),	the	
effects	of	 immersion	into	a	new	other-	ethnicity	society	
may	be	weaker	than	for	the	non-	Asians.	Although	this	
might	make	the	finding	of	larger	N170	in	this	group	as	
a	 whole	 even	 more	 impressive,	 it	 blurs	 the	 distinction	
between	the	global	social	immersion	and	social	immer-
sion	into	other-	ethnicity	environment.	Experiment	2	at-
tempted	to	make	this	distinction.

We	conducted	Experiment	2,	closely	adhering	to	the	
procedure	 of	 Experiment	 1	 in	 Berlin,	 Germany.	 Three	
groups	of	participants	were	tested:	two	German	groups,	

consisting	of	long-	term	Berlin	residents	(LB)	and	short-	
term	Berlin	residents	(SB),	and	short-	term	Chinese	for-
eigners	(SC).	If	the	short-	term	immersion	experience	in	
a	different	ethnic	environment	is	a	major	factor	driving	
the	size	of	the	face	N170,	we	expected	the	SC	group	to	
show	 larger	 face-	elicited	N170	amplitudes	 than	 the	SB	
group.	If	the	short-	term	immersion	experience	in	a	new	
social	 context	 is	 the	major	 factor,	 the	SB	group	should	
show	larger	 face-	elicited	N170	amplitudes	than	the	LB	
group.

3.1	 |	 Method

3.1.1	 |	 Participants

Participants	 were	 recruited	 in	 Berlin,	 Germany,	 and	
fell	 into	 three	groups:	32	 long-	term	Berlin	 residents	 (LB	
group)	 who	 grew	 up	 or	 had	 lived	 for	 at	 least	 2	years	 in	
Berlin	 [mean	age = 25.97	years	 (SD = 5.55);	19	 females;	
32	 right-	handed],	 29	 short-	term	 Berlin	 residents	 (SB	
group)	who	had	lived	in	Berlin	for	average	of	6.54	months	
(SD = 3.48,	range:	2.5–	14	months)	[mean	age = 23.86	years	
(SD = 4.79);	18	females;	27	right-	handed],	and	32	short-	
term	 Chinese	 participants	 (SC	 group)	 who	 came	 from	
mainland	 China	 and	 had	 lived	 in	 Berlin	 for	 an	 average	
duration	of	6.35	months	(SD = 3.24,	range:	2.5–	13	months)	
[mean	age = 24.06	years	(SD = 2.46);	19	females;	32	right-	
handed].	LB	and	SB	group	were	native	German	speakers	
and	did	not	have	logographic	Chinese	reading	experience.

Prior	 to	 the	 experiment,	 all	 participants	 provided	
informed	 consent	 and	 completed	 the	 Edinburgh	
Handedness	Inventory	and	a	questionnaire	regarding	their	
demographic	information.	All	participants	had	normal	or	
corrected-	to-	normal	vision.	The	experiment	was	approved	
by	the	ethics	committee	of	the	Department	of	Psychology	
of	the	Humboldt-	University	at	Berlin	in	accordance	with	
the	Declaration	of	Helsinki.

3.1.2	 |	 Stimuli

Stimuli	 consisted	 of	 faces,	 Chinese	 characters,	 German	
words	 and	 doodles.	 Except	 for	 doodles,	 all	 stimuli	 were	
presented	in	both	upright	and	inverted	orientations.	The	
polygon	 condition	 was	 omitted	 in	 this	 experiment	 due	
to	its	small	and	unsystematic	ERPs	in	Experiment	1	(see	
Figures S1	and	S2	in	Supporting	Information).	Since	the	
Chinese	 characters	 and	 German	 words	 do	 not	 address	
the	 current	 questions,	 we	 will	 not	 elaborate	 on	 them.	
The	details	of	face	and	doodle	stimuli	are	the	same	as	in	
Experiment	1.
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3.1.3	 |	 Procedure

Presentation	 1.0	 software	 controlled	 the	 procedure	
of	 Experiment	 2.	 It	 consisted	 of	 nine	 blocks,	 one	 for	
each	 stimulus	 condition:	 upright	 Asian	 faces,	 upright	
Caucasian	faces,	inverted	Asian	faces,	inverted	Caucasian	
faces,	upright	Chinese	characters,	inverted	Chinese	char-
acters,	 upright	 German	 words,	 inverted	 German	 words,	
and	doodles.	The	principles	to	control	the	effects	of	pres-
entation	order	were	the	same	as	 in	Experiment	1	except	
there	were	nine	sequences	of	blocks.	The	number	of	par-
ticipants	using	each	block	sequence	was	closely	matched	
between	groups.	Other	details	of	the	procedure	were	the	
same	as	in	Experiment	1.

3.1.4	 |	 EEG	recording	and	preprocessing

EEG	 was	 recorded	 with	 39	 Ag/AgCl	 electrodes	 placed	
within	 an	 elastic	 cap	 (Easycap	 GmbH,	 Herrsching,	
Germany)	according	to	the	extended	International	10–	20	
System.	Two	additional	electrodes	below	each	eye	meas-
ured	vertical	electroocular	(EOG)	activity.	During	record-
ings	all	channels	were	referenced	to	the	Cz	electrode;	AFz	
served	 as	 ground	 electrode.	 Impedances	 were	 kept	 <10	
kΩ	at	a	uniform	level.	Signals	were	amplified	using	Brain	
Amps	 (Brain	 products)	 without	 additional	 filter	 settings	
during	recordings	and	sampled	at	1000	Hz.

Offline	 EEG	 data	 preprocessing	 was	 the	 same	 as	 in	
Experiment	1	except	that	data	was	digitally	high-	pass	fil-
tered	at	0.1 Hz	(12	dB/Octave,	zerophase-	type	filter)	and	
low-	pass	filtered	at	30	Hz	(24	dB/Octave,	zerophase-	type	
filter).

3.1.5	 |	 Data	analysis

Behavioral data
The	Accuracies	and	RTs	for	face	tasks	were	submitted	to	
two	 three-	way	 ANOVAs	 with	 a	 between-	subject	 factor	
participant	 group	 (SC,	 SB,	 LB),	 and	 within-	subject	 fac-
tors	stimulus	orientation	(upright,	inverted)	and	stimulus	
race	 (Asian,	 Caucasian).	 For	 doodle	 task,	 two-	one-	way	
ANOVAs	with	a	between	factor	participant	group	(SC,	SB,	
LB)	were	conducted	for	accuracy	and	RT.

ERP data
Topographic ERP analyses. Again,	 we	 first	 checked	
scalp	 field	 homogeneity	 of	 ERPs	 across	 groups	 and	
conditions	 by	 TANOVA	 with	 a	 within-	subject	 factor	
stimulus	condition	(upright	Asian	faces,	inverted	Asian	
faces,	 upright	 Caucasian	 faces,	 inverted	 Caucasian	

faces,	doodles)	and	a	between-	subject	factor	participant	
group	(SC,	SB,	LB).

ERP component analyses.	 The	 four-	way	 ANOVAs	 with	
a	 between-	subject	 factor	 participant	 group	 (SC,	 SB,	
LB),	 and	 within-	subject	 factors	 stimulus	 orientation	
(upright,	 inverted),	 stimulus	 race	 (Asian,	 Caucasian)	
and	hemisphere	(left,	right)	on	amplitudes	and	latencies	
of	 each	 ERP	 component	 to	 face	 stimuli.	 For	 doodle	
stimuli,	 two-	way	ANOVAs	with	a	between-	subject	factor	
participant	group	(SC,	SB,	LB)	and	a	within-	subject	factor	
hemisphere	 (left,	 right)	 were	 performed	 on	 amplitudes	
and	latencies	of	each	ERP	component.

In	 all	 analyses,	 effect	 sizes	 are	 reported	 as	 partial	
eta-	square.	 In	addition,	Bonferroni	correction	was	ap-
plied	 to	 account	 for	 multiple	 comparisons	 in	 post- hoc	
analysis.

3.2	 |	 Results

3.2.1	 |	 Behavioral	results

ANOVAs	 showed	 significant	 main	 effects	 of	 stimu-
lus	 orientation	 for	 both	 accuracy	 (F(1,	 90)  =  117.71,	
p	<	.001,	�2p	=	0.57)	and	RT	(F(1,	90) = 29.39,	p	<	.001,	�2p	
=	0.25),	participants	across	groups	showed	higher	accu-
racies	and	faster	responses	for	upright	than	for	inverted	
faces	(accuracy:	M = 0.98	vs.	0.94,	SD = 0.02	vs.	0.04;	RT:	
M = 618.04	vs.	673.61	ms,	SD = 106.70	vs.	111.73).	All	
other	main	effects	and	interactions	were	not	significant	
(ps	>	.05)

The	ANOVAs	on	accuracies	and	RTs	in	doodle	task	did	
not	reveal	main	effects	of	group	(ps	>	.05).

3.2.2	 |	 ERP	results

TANOVA
The	 TANOVAs	 showed	 that	 neither	 the	 main	 effect	 of	
group	 for	 P1	 (p  =  .219)	 or	 N170	 (p  =  .239)	 nor	 the	 in-
teractions	 between	 group	 and	 stimulus	 condition	 for	 P1	
(p  =  .376)	 or	 N170	 (p  =  .796)	 approached	 significance.	
Thus,	the	following	component	analyses	were	continued	
since	 the	 absence	 of	 group	 differences	 on	 the	 topogra-
phies	of	ERP	components	in	all	stimulus	conditions	(see	
Figure 4).

ERP component analyses
The	electrodes	for	analyses	of	P1	(O1/O2)	and	N170	(P7/
P8)	were	chosen	as	 in	Experiment	1	and	the	amplitudes	
and	latencies	were	derived	in	the	same	way.

 14698986, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/psyp.14147 by H

um
boldt-U

niversitat Z
u B

erlin, W
iley O

nline L
ibrary on [13/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



12 of 23 |   MA et al.

F I G U R E  4  Experiment	2:	Topographies	of	grand-	average	peak	amplitudes	of	P1	(103	ms,	panel	a)	and	N170	(150	ms,	panel	b)	of	Chinese	
short-	term	residents	(SC),	and	German	short-	term	and	long-	term	residents	(SB	vs.	LB)	in	Berlin	elicited	by	upright	Asian	faces,	inverted	
Asian	faces,	upright	Caucasian	faces,	inverted	Caucasian	faces,	and	doodles.
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P1.	 The	ANOVAs	results	of	P1	amplitudes	and	latencies	
to	 faces	 showed	 significant	 main	 effects	 of	 stimulus	
orientation	for	both	amplitude	(F(1,	90) = 84.06,	p	<	.001,	
�
2
p	 =	0.48)	 and	 latency	 (F(1,	 90)  =  31.54,	 p	<	.001,	 �2p	

=	0.26).	The	inverted	faces	elicited	larger	amplitudes	and	
longer	latencies	than	upright	faces	(Amplitude:	M = 5.85	
vs.	 4.50	μV,	 SD  =  3.79	 vs.	 3.34;	 Latency:	 M  =  102.48	 vs.	
96.86	ms,	SD = 14.53	vs.	14.96).	All	other	main	effects	or	
interactions	were	not	significant	(ps	>	.05).

The	 ANOVAs	 performed	 on	 P1	 amplitudes	 and	 la-
tencies	 to	 doodles	 did	 not	 yield	 any	 significant	 effects	
(ps	>	.05).

N170.	 The	 ANOVA	 on	 N170	 amplitudes	 to	 faces	 (see	
Figure 5)	indicated	a	significant	main	effect	of	participant	
group	(F(1,	90) = 3.89,	p = .024,	�2p	=	0.08).	A	Bonferroni	
corrected	post- hoc	pairwise	comparison	between	SC	and	SB	
groups,	 testing	 the	new-	ethnicity	 immersion	hypothesis,	
showed	 that	 the	 face-	elicited	 N170	 amplitude	 in	 the	 SC	
group	 was	 larger	 than	 in	 the	 SB	 group	 (M  =  −2.74	 vs.	
−1.03	μV,	SD = 2.90	vs.	2.57,	p = .027,	Cohen's	d = 0.62).	
In	contrast,	the	pairwise	comparison	between	SB	and	LB	
group,	testing	the	global	new	social	immersion	hypothesis	
failed	 significance	 (M  =  −1.03	 vs.	 −1.50	μV,	 SD  =  2.57	
vs.	 1.89,	 p  =  1,	 Cohen's	 d  =  0.21).	 In	 addition,	 without	

F I G U R E  5  Experiment	2:	Grand-	average	ERP	waveforms	of	Chinese	short-	term	residents	(SC,	blue),	and	German	short-	term	(orange)	
and	long-	term	(green)	residents	(SB	vs.	LB)	in	Berlin	elicited	by	upright	Asian	faces,	inverted	Asian	faces,	upright	Caucasian	faces,	
inverted	Caucasian	faces	and	doodles	at	two	occipital	sites	showing	the	P1	amplitude	(O1,	left	hemisphere;	O2,	right	hemisphere)	and	two	
occipitotemporal	sites	showing	the	N170	amplitude	(P7,	left	hemisphere;	P8,	right	hemisphere).
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correction	 the	pairwise	comparison	between	 the	SC	and	
LB	 groups,	 combining	 the	 two	 immersion	 types	 was	
significant	 (p  =  .049)	 and	 showed	 a	 medium	 effect	 size	
(Cohen's	d = 0.51),	but	failed	significance	after	Bonferroni	
correction	(p = .148).

The	main	effect	of	stimulus	orientation	in	N170	ampli-
tude	was	significant	(F(1,	90) = 28.31,	p	<	.001,	�2p	=	0.24),	
due	to	larger	N170	amplitudes	to	inverted	as	compared	to	
upright	faces	(M = −2.05	vs.	−1.51	μV,	SD = 2.75	vs.	2.48).	
No	 other	 main	 effects	 and	 interactions	 were	 significant	
(ps	>	.05).

The	ANOVA	on	N170	latency	to	faces	revealed	that	the	
main	effect	of	group	was	not	significant	(F(1,	90) = 0.08,	
p = .927,	�2p	=	0.02),	suggesting	indistinguishable	latencies	
to	faces	between	SC,	SB	and	LB	participants	(M = 153.83	
vs.	153.98	vs.	153.02	ms,	SD =  10.36	vs.	10.42	vs.	11.26).	
The	 main	 effect	 of	 orientation	 was	 significant	 (F(1,	
90)  =  95.96,	 p	<	.001,	�2p	 =	0.52),	 indicating	 longer	 laten-
cies	 for	 inverted	 than	 for	 upright	 faces	 (M  =  157.34	 vs.	
149.85	ms,	SD = 10.14	vs.	11.88).	No	other	effects	and	in-
teractions	reached	significance	(ps	>	.05).

For	N170	to	doodles,	the	ANOVAs	revealed	a	main	ef-
fect	of	participant	group	for	amplitudes	(F(1,	90) = 3.20,	
p = .045,	�2p	=	0.07),	but	not	for	latencies	(F(1,	90) = 0.47,	
p  =  .625,	�2p	 =	0.01).	 The	 post- hoc	 multiple	 comparisons	
with	 a	 Bonferroni	 adjustment	 showed	 a	 more	 negative	
N170	 amplitude	 to	 doodles	 for	 SC	 participants	 than	 SB	
participants	 (M  =  −0.23	 vs.	 1.33	μV,	 SD  =  2.77	 vs.	 2.35,	
p = .049,	Cohen's	d = 0.61).	However,	the	other	two	com-
parisons	 (SC	 vs.	 LB	 and	 SB	 vs.	 LB)	 were	 not	 significant	
after	Bonferroni	correction	(ps	>	.05).	There	was	a	signifi-
cant	main	effect	of	hemisphere	for	latency	(F(1,	90) = 8.50,	
p = .004,	�2p	=	0.09),	which	was	shorter	in	the	right	than	in	
the	left	(M = 147.54	vs.	152.53	ms,	SD = 17.57	vs.	17.57).	
No	significant	interactions	were	observed	(ps	>	.05).

3.3	 |	 Discussion

Overall,	 Experiment	 2	 demonstrated	 that	 the	 SC	 partici-
pants	 with	 short-	term	 immersion	 experience	 in	 a	 new-	
ethnicity	environment	(Germany)	show	significantly	larger	
face-	elicited	 N170	 amplitudes	 than	 SB	 participants	 with	
social	 immersion	experience	in	Berlin.	This	finding	repli-
cates	the	group	difference	between	residents	and	foreigners	
of	Experiment	1	and	provides	further	supporting	evidence	
for	 the	 new-	ethnicity	 immersion	 hypothesis.	 Meanwhile,	
Experiment	2	showed	that	the	face	N170	was	indistinguish-
able	between	SB	group	with	short-	term	immersion	experi-
ence	in	Berlin	and	LB	group	without	any	social	immersion	
experience,	arguing	against	 the	global	new	social	 immer-
sion	hypothesis.	Importantly,	as	in	Experiment	1	the	group	
difference	was	not	related	to	stimulus	race	since	the	group	

differences	did	not	interact	with	this	factor.	In	addition,	the	
absence	of	group	differences	in	P1	rules	out	contributions	
of	low-	level	stimulus	factors	and	attention.

4 	 | 	 THE OVERALL ANALYSES OF 
EXPERIMENT 1 AND 2

To	increase	 the	power	of	 the	results	 from	two	individual	
experiments,	 we	 performed	 a	 combined	 analysis	 on	 the	
face	 N170	 amplitudes	 across	 two	 experiments.	 Since	 the	
N170	group	differences	in	the	individual	experiments	were	
not	modulated	by	stimulus	orientation	and	stimulus	race,	
data	were	pooled	across	these	factors.	Since	the	results	on	
N170	amplitude	to	face	stimuli	in	each	experiment	support	
the	new-	ethnicity	immersion	hypothesis	but	together	seem	
to	 be	 at	 variance	 with	 the	 script	 system	 hypothesis,	 we	
aimed	to	support	this	conclusion	by	a	joint	ANOVA	with	
between-	subject	factors	group,	where	groups	are	coded	as	
locals	versus	foreigners,	and	location	of	 lab	(HK,	Berlin);	
we	also	included	a	within-	subject	factor	hemisphere	(left,	
right).	 In	 HK	 data,	 the	 local	 Chinese	 and	 non-	Chinese	
groups	 were	 coded	 as	 locals	 and	 foreigners,	 respectively.	
In	Berlin	data,	the	short-	term	Chinese	were	the	foreigner	
group	whereas	the	local	group	consisted	of	the	combined	
short-	term	 Berlin	 residents	 and	 long-	term	 residents.	 The	
new-	ethnicity	 immersion	hypothesis	would	be	supported	
by	a	main	effect	of	group	whereas	the	script	system	hypoth-
esis	would	be	supported	by	an	interaction	between	group	
and	location.	Indeed,	the	results	revealed	a	significant	main	
effect	of	participant	group	(F(1,	125) = 10.07,	p = .002,	�2p	
=	0.08),	confirming	larger	N170	amplitudes	to	faces	in	the	
foreigner	 groups	 than	 in	 the	 local	 groups	 across	 experi-
ments	(see	Figure 6).	Importantly,	any	interactions	involv-
ing	factors	group	and	location	of	lab,	which	might	support	
the	script	system	account,	were	not	significant	(ps	>	.05).

Overall,	across	experiments,	the	observed	group	differ-
ences	in	face-	elicited	N170	support	an	effect	of	the	social	
immersion	experience	in	a	new	ethnic	social	environment	
but	do	not	align	with	the	script	system	account.

5 	 | 	 GENERAL DISCUSSION

In	 previous	 reports	 of	 cross-	cultural	 ERP	 studies	 con-
ducted	in	Western	labs,	we	had	noticed	a	consistent	yet	in-
conclusive	pattern	of	larger	face-	elicited	N170	amplitudes	
in	East-	Asian	adults	(mainly	Chinese)	than	in	Caucasian	
adults.	 The	 pattern	 was	 inconclusive	 because	 only	 in	
one	 experiment	 (Dering	 et	 al.,  2013)	 it	 was	 statistically	
significant	 while	 the	 numerical	 (non-	significant)	 differ-
ences	were	consistent	across	the	other	studies	(e.g.,	Vizioli	
et	al., 2010;	Wiese	et	al., 2014).	Larger	N170	amplitudes	in	
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East-	Asian	participants	were	supported	by	a	recent	cross-	
cultural	study	in	early	Chinese	and	German	readers	(Ma	
et	 al.,  2022).	 Therefore,	 the	 present	 study	 aimed	 to	 reas-
sess	 this	 evidence	 and	 elucidate	 its	 possible	 underlying	
cause.	Specifically,	the	difference	might	be	due	to	cultural	
factors,	 for	 example	 due	 to	 the	 differential	 effects	 of	 the	
acquired	script	systems	(script	system	hypothesis)	or	due	
to	 short-	term	 immersion	 experience	 with	 a	 novel	 social	
and/or	ethnic	environment	(social	immersion	hypothesis).	
Experiment	1,	conducted	in	Hong	Kong,	revealed	smaller	
face	N170	amplitudes	in	local	Chinese	participants	than	in	
non-	Chinese	foreign	participants.	Since	this	effect	is	oppo-
site	in	direction	to	the	effects	observed	in	previous	studies,	
it	contradicts	the	script	system	hypothesis.	However,	it	is	
in	line	with	the	social	immersion	account.	This	was	con-
firmed	by	Experiment	2,	conducted	in	Berlin,	where	short-	
term	 Chinese	 visitors	 showed	 larger	 face-	elicited	 N170	
amplitudes	than	German	natives.	In	addition,	Experiment	
2	allows	 the	 further	 specification	 that	 it	 is	not	any	novel	
environment	 that	drives	 the	effect	but	 it	 seems	 to	be	 the	
immersion	into	a	novel	ethnic	environment	because	long-	
term	 German	 residents	 and	 the	 short-	term	 German	 resi-
dents	were	very	similar	in	N170	amplitude.	Taken	together,	
the	present	study	verifies	a	significant	difference	between	
Chinese	and	Caucasian	participants	but	not	as	a	consistent	
cultural	 difference	 but	 depending	 on	 whether	 the	 ethnic	
social	environment	had	changed	in	the	recent	past.

5.1	 |	 The script system account of N170 
differences

The	results	from	Experiment	1	conducted	in	HK	and	the	
observations	from	previous	cross-	cultural	ERP	studies	are	

contradictory	and	cannot	be	consistently	explained	by	the	
script	 system	hypothesis.	According	 to	 the	script	 system	
hypothesis,	Chinese	participants	should	have	larger	N170	
to	faces	than	non-	Chinese	participants	in	Experiment	1	as	
in	the	previous	adult	studies.	However,	the	smaller	face-	
elicited	N170	in	Chinese	participants	compared	with	non-	
Chinese	participants	in	the	HK	lab	is	at	variance	with	the	
script	system	hypothesis.	This	finding	is	also	inconsistent	
with	the	results	in	children,	reported	by	Ma	et	al. (2022).	
Ma	et	al. (2022)	has	shown	that	native	logographic	Chinese	
readers	 had	 larger	 face-	elicited	 N170	 than	 native	 alpha-
betic	 readers,	 suggesting	 the	 contribution	 of	 perceptual	
experiences	 with	 visually	 complex	 logographic	 Chinese	
characters	during	reading	acquisition	in	Chinese	readers.

The	 inconsistency	 of	 findings	 might	 be	 due	 to	 par-
ticipants'	age,	that	is,	adults	in	the	present	Experiment	
1	versus	children	in	the	experiment	of	Ma	et	al. (2022).	
In	adults,	many	ERP	studies	have	consistently	reported	
larger	 N170	 amplitudes	 in	 experts	 to	 both	 faces	 and	
scripts	 (Maurer	 et	 al.,  2008;	 Rossion	 et	 al.,  2003),	 sug-
gesting	 that	 the	 N170	 reflects	 visual	 expertise	 for	 both	
faces	 and	 scripts.	 Furthermore,	 previous	 research	 in-
dicated	 that	 acquisition	 of	 script	 reading	 involves	 the	
“recycling”	 of	 the	 neural	 system	 underlying	 face	 pro-
cessing,	 and	 might	 in	 turn	 influence	 the	 face	 process-
ing	 system	 (e.g.,	 Dehaene	 et	 al.,  2010).	 For	 instance,	
developmental	 studies	 found	 that	 the	 development	
of	 face	 expertise	 and	 script	 expertise	 reflected	 in	 the	
N170	 during	 reading	 acquisition	 were	 dependent	 on	
each	 other	 (e.g.,	 Dundas	 et	 al.,  2014;	 Li	 et	 al.,  2013).	
However,	 growing	 evidence	 suggests	 an	 inverted	 “U”	
model	 of	 script	 expertise	 effects	 on	 the	 N170;	 percep-
tual	 learning	 appears	 to	 be	 critically	 important	 during	
the	 first	 2	 or	 3	years	 of	 reading	 acquisition	 and	 then	

F I G U R E  6  Amplitudes	of	N170	(P7,	left	hemisphere;	P8,	right	hemisphere)	elicited	by	faces	for	the	local	(white)	and	foreign	(black)	
participants	from	HK	and	Berlin	labs.	Error	bars	indicate	standard	error	of	the	means.
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gradually	declines	as	expertise	consolidates	(e.g.,	Brem	
et	al., 2009;	Cao	et	al., 2011;	Maurer	et	al., 2011).	For	ex-
ample,	Cao	et	al. (2011)	found	that	the	N170	amplitude	
to	Chinese	characters	in	2nd	grade	children	showed	the	
largest	amplitude	among	all	age	groups,	but	 thereafter	
declined	with	increasing	age,	suggesting	that	the	neural	
mechanisms	for	script	expertise	develop	rapidly	during	
the	early	primary	school	years.	Thus,	it	is	plausible	that	
the	 effects	 of	 reading	 acquisition	 on	 face	 processing	
appear	 in	 early	 second-	grade	 readers	 as	 found	 by	 Ma	
et	al. (2022)	and	then	decline	and	might	even	disappear	
in	adult	expert	readers.	In	this	case,	we	would	not	expect	
any	effects	of	the	script	system	on	adult,	expert	readers	
and	have	to	resort	to	alternative	accounts	for	the	effects	
observed	in	adults.

5.2	 |	 The social immersion account of 
N170 differences

As	predicted	by	 the	social	 immersion	account,	our	 find-
ings	indicate	that	independent	of	lab	location,	foreigners	
showed	larger	N170	amplitudes	to	faces	than	locals.	Thus,	
the	 enhanced	 face-	elicited	 N170	 in	 East-	Asians	 as	 com-
pared	to	Caucasians	at	least	numerically	indicated	by	pre-
vious	study	results	may	derive	from	the	social	immersion	
experience	of	East-	Asians.	Similar	to	the	East-	Asian	par-
ticipants	in	previous	studies	(e.g.,	Dering	et	al., 2013),	our	
non-	Chinese	participants	in	the	HK	lab	and	the	Chinese	
participants	in	the	Berlin	lab	were	foreigners	to	the	geo-
graphical	region	and	social	environment	where	the	study	
was	conducted.	During	their	visit	they	were	probably	ex-
posed	to	many	new	faces	of	a	different	ethnicity	as	mostly	
encountered	at	home,	which	they	needed	to	encode	and	
recognize.	Hence,	it	is	conceivable	that	a	sudden	surge	in	
the	exposure	to	novel	faces	may	have	enhanced	their	N170	
amplitudes	 to	 faces,	 similar	 to	 what	 has	 been	 shown	 in	
training	 studies	with	novel	objects	 (Rossion	et	al.,  2002,	
2004;	Scott	et	al., 2006,	2008).	Therefore,	although	at	vari-
ance	with	the	script	system	account,	the	increase	of	face	
N170	in	foreigner	groups	in	our	study	supports	the	social	
immersion	account.

Importantly,	 there	 were	 no	 comparable	 group	 dif-
ferences	 in	 the	 P1	 –		 a	 component,	 which	 is	 sensitive	 to	
low-	level	stimulus	properties	and	attention	(for	a	review,	
see	Hillyard	et	al., 1998),	ruling	out	contributions	of	low-	
level	 stimulus	 properties	 and	 general	 attention	 in	 the	
N170	differences	 for	both	 faces	and	doodles.	As	 in	most	
experiments,	fatigue,	practice	or	habituation	effects	might	
be	involved	as	participants	are	exposed	to	a	multitude	of	
stimuli.	Previous	studies	 indicated	that	short-	term	adap-
tation	 or	 habituation	 effects	 may	 occur	 in	 performance	
and	 ERPs	 even	 within	 short	 experiments	 (e.g.,	 Maurer	

et	al., 2008;	Schinkel	et	al., 2014).	However,	our	counter-
measures	 against	 such	 time	 on	 task	 effects	 confounding	
with	 the	 effects	 of	 interest	 should	 have	 been	 adequate,	
because	our	main	aim	was	 to	 compare	 single	 (e.g.,	doo-
dles)	or	at	most	pairs	of	conditions	(upright	vs.	inverted)	
across	groups.	The	paired	conditions	were	(almost)	never	
directly	 adjacent	 but	 separated	 by	 other	 conditions	 and	
changed	orders	across	sequences.	Moreover,	the	number	
of	participants	using	each	block	sequence	was	comparable	
between	groups	in	both	studies.	Therefore,	group	compar-
isons	always	involved	matched	positions	in	the	sequences,	
ruling	out	short	term	effects	of	time	on	task.	Additionally,	
an	 empirical	 indication	 for	 the	 efficiency	 of	 our	 control	
procedure	 is	 the	 P1	 component,	 which	 is	 typically	 sen-
sitive	 to	adaptation	effects	 (Obrig	et	al.,  2002;	Wastell	&	
Kleinman, 1980)	but	did	not	show	any	group	differences	
in	the	present	data.	In	addition,	the	TANOVA	showed	the	
same	 topographies	 of	 N170	 across	 groups	 ruling	 out	 a	
contribution	of	heterogeneity	of	scalp	distributions	in	the	
N170	differences.

Additionally,	the	present	study	examined	whether	the	
observed	effects	are	specific	to	face	perception	or	transfer	
to	other	stimulus	domains.	This	question	was	pursued	by	
including	 doodles	 representing	 complex	 visual	 non-	face	
stimuli	in	both	studies	and	polygons	in	Experiment	1,	rep-
resenting	simple	visual	stimuli.	 In	Experiment	1	 the	ab-
sence	of	group	differences	 in	 the	N170	 for	both	doodles	
and	polygons	seems	to	argue	in	favor	of	the	face	specificity	
of	 the	observed	group	effects	 in	N1/N170.	However,	 the	
findings	of	Experiment	2	that	similar	group	differences	as	
for	 the	 face-	elicited	 N170	 were	 observed	 for	 doodles	 are	
at	variance	with	the	idea	that	the	social	immersion	effects	
are	 limited	to	 faces.	 Instead,	 these	 findings	might	be	ac-
counted	for	by	a	more	general	effect	on	the	neurocogni-
tive	 generators	 of	 the	 N1/N170	 component.	 Specifically,	
it	might	indicate	that	social	immersion	into	another	eth-
nicity	 environment	 influences	 higher-	order	 structural	
analysis	of	complex	visual	stimuli	reflected	in	the	N170/
N1	(Rossion	et	al., 2003;	Schendan	et	al., 1998).	However,	
doodles	 are	 meaningless	 and	 unfamiliar	 stimuli	 for	 par-
ticipants	and	the	neurocognitive	processes	underlying	the	
N1/N170	 elicited	 by	 these	 stimuli	 are	 not	 entirely	 clear,	
hampering	 a	 conclusive	 interpretation	 for	 the	 group	 ef-
fects	 in	 doodle-	elicited	 N170	 amplitudes.	 Future	 stud-
ies	should	test	more	familiar	non-	face	stimuli	(e.g.,	cars,	
houses)	to	examine	the	specificity	or	generality	of	social	
immersion	effects.

The	 present	 findings	 are	 consistent	 with	 previous	
research	 indicating	 the	 experience	 in	 a	 new	 ethnic	 en-
vironment	 increases	 the	 neural	 actives	 underlying	 the	
processing	 facial	 emotion	 (Derntl	 et	 al.,  2009;	 Elfenbein	
&	 Ambady,  2002).	 However,	 this	 finding	 is	 not	 in	 line	
with	 the	 results	 of	 Gajewski	 et	 al.  (2008)	 of	 a	 negative	
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association	 between	 the	 N170	 latency	 to	 faces	 and	 the	
duration	of	 stay	 for	East-	Asians	 in	Western	society.	This	
inconsistency	might	be	due	to	the	length	of	social	immer-
sion	 experience,	 which	 on	 average	 was	 6  months	 in	 the	
present	 study	 versus	 5.5	 years	 in	 Gajewski	 et	 al.  (2008).	
This	explanation	needs	to	be	examined	in	future	studies.

For	foreigners,	the	geographical	region	into	which	they	
were	immersed	constituted	not	only	a	different	ethnic	en-
vironment	but	also	a	new	social	environment.	Therefore,	
the	social	immersion	account	might	hold	for	a	new	social	
immersion	without	new	ethnicity	immersion.	In	order	to	
distinguish	these	two	aspects	of	social	immersion	we	com-
pared	 short-	term	 Berlin	 residents	 with	 long-	term	 Berlin	
residents	in	Experiment	2;	however,	the	group	difference	
on	 face	 N170	 amplitudes	 was	 not	 significant.	 Thus,	 the	
enhanced	face	N170	for	foreigners	may	not	be	accounted	
for	by	the	immersion	experience	in	a	new	social	context.	
Possibly	an	abundance	of	new	same	ethnicity	faces	is	not	
a	comparable	challenge	to	the	visual	system	as	an	abun-
dance	of	other	ethnicity	faces	with	more	different	features	
and	configurations	as	will	be	discussed	next.

5.3	 |	 Massed exposure to other- race faces 
as a modulator of face processing?

The	 other-	race	 effect	 is	 a	 well-	known	 phenomenon	
whereby	 individuals	 discriminate,	 memorize,	 or	 identify	
other-	race	 faces	 less	 effectively	 than	 for	 same-	race	 faces	
(Byatt	&	Rhodes, 2004;	Meissner	&	Brigham, 2001;	Walker	
&	 Tanaka,  2003).	 However,	 the	 present	 results	 did	 not	
show	any	race	effects	on	the	behavioral	or	neural	level.	This	
is	consistent	with	Senholzi	and	Ito (2013)	using	a	similar	
1-	back	task	and	might	be	due	to	low	task	difficulty	since	
all	performance	was	at	or	close	to	ceiling	(e.g.,	mean	accu-
racy	for	both	East-	Asian	and	Caucasian	faces	was	98%).	In	
addition,	since	previous	findings	about	race	effects	in	the	
N170	are	mixed,	the	absence	of	such	an	effect	in	the	pre-
sent	study	is	also	not	unique.	For	instance,	some	research-
ers	argue	that	the	heterogeneity	of	N170	race	effects	might	
be	due	to	methodological	differences	such	as	different	task	
demands	(Wiese, 2013).	Nevertheless,	the	absence	of	N170	
race	effect	in	the	present	study	is	at	variance	with	Senholzi	
and	Ito (2013)	who	observed	larger	amplitudes	for	other-	
race	than	own-	race	faces	in	a	1-	back	identity	repetition	de-
tection	task.	Here,	the	inconsistency	might	be	due	to	the	
face	stimuli	compared,	Caucasian	versus	East-	Asian	faces	
in	the	present	study	but	Caucasian	versus	Black	faces	 in	
Senholzi	 and	 Ito  (2013).	 In	 sum,	 while	 the	 exact	 reason	
for	the	absence	of	OREs	at	behavioral	and	neural	levels	in	
the	present	study	remains	unclear,	this	is	not	uncommon	
and	may	initiate	more	research	in	order	to	understand	the	
presence	and	causes	of	other-	race	effects.

On	the	other	hand,	the	present	study	suggests	that	the	
massed	exposure	to	new	other-	race	faces	is	critical	for	en-
hancing	the	N170	amplitudes	to	faces	in	general.	This	is	ev-
idenced	by	the	results	of	Experiment	2,	indicating	no	group	
difference	in	the	N170	between	short-	term	and	long-	term	
German	residents	in	Berlin.	This	view	might	be	accounted	
for	 by	 the	 face	 space	 theory	 (Valentine,  1991),	 assuming	
that	 the	 substantial	 new	 other-	race	 faces	 exposure	 may	
modify	the	representation	system	of	face	processing,	such	
as	influencing	the	average	face	weighted	by	the	frequency	
of	the	encounter.	This	is	supported	by	perceptual	training	
studies	in	which	training	individuals	in	facial	dimensions	
of	other-	race	faces	improve	the	performance	of	other-	race	
faces	(Hills	&	Lewis, 2006).	Importantly,	there	was	no	mod-
ulation	 of	 the	 race	 on	 the	 N170	 group	 differences	 in	 the	
present	 study,	 implying	 that	 increased	 experience	 with	
other-	race	 faces	 in	 adults	 affects	 the	 neural	 level	 under-
lying	 the	 processing	 of	 both	 same-		 and	 other-	race	 faces.	
The	conclusion	resonates	with	the	problems	of	improving	
face	 recognition	 abilities	 in	 normotypical	 adults,	 where	
even	extensive	memory	training	with	same-	race	faces	did	
not	lead	to	a	notable	improvement	(Dolzycka	et	al., 2014).	
According	to	the	present	findings,	other-	race	faces	as	train-
ing	material	might	provide	a	better	option.

5.4	 |	 Expertise effects of N170 
enhancements

The	 results	 of	 the	 present	 study	 also	 yield	 insight	 into	
the	 neural	 plasticity	 of	 expert	 face	 processing	 in	 adults.	
Firstly,	 the	 increased	 N170	 amplitudes	 in	 participants	
who	 had	 social	 immersion	 experience	 in	 a	 novel	 ethnic	
social	environment	may	reflect	their	perceptual	problems	
in	processing	faces.	Perceptual	problem	in	face	processing	
is	exemplified	by	the	face	inversion	effect	of	increases	in	
the	 latency	of	 the	N170,	and	 in	many,	but	not	all	 cases,	
increases	 in	 amplitude	 as	 compared	 to	 upright	 faces	
(Caharel	 et	 al.,  2013;	 Jacques	 &	 Rossion,  2010;	 Rossion	
et	al., 2000;	Sadeh	&	Yovel, 2010).	However,	this	sugges-
tion	was	not	supported	by	the	current	results,	where	larger	
N170	amplitudes	in	the	foreign	groups	were	not	accompa-
nied	 by	 longer	 latencies	 –		 despite	 the	 standard	 effect	 of	
face	 inversion	on	both	N170	amplitude	and	 latency	was	
found	 in	 the	 present	 study.	 By	 contrast,	 consistent	 with	
previous	studies	(e.g.,	Tanaka	&	Curran, 2001)	where	the	
enhanced	N170	amplitudes	are	generally	found	as	a	corre-
late	of	better	visual	expertise	for	certain	stimuli,	the	larger	
N170	amplitudes	in	our	foreigner	groups	may	reflect	their	
greater	expertise	 in	face	processing.	Thus,	 the	social	 im-
mersion	experience	in	a	novel	ethnic	social	environment	
improves	one's	face	expertise	reflected	by	increased	N170	
amplitudes.
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The	 greater	 visual	 expertise	 reflected	 by	 the	 increased	
N170	 in	 many	 cases	 goes	 along	 with	 more	 pronounced	
configural	 perception	 (e.g.,	 Gauthier	 et	 al.,  2003;	 Rossion	
et	al., 2002).	Therefore,	 the	group	differences	 in	the	N170	
may	 reflect	 the	 degree	 of	 configural	 visual	 processing.	To	
address	this	issue,	we	used	both	upright	and	inverted	faces	
in	 the	 present	 experiments.	 We	 expected	 that	 the	 group	
difference	in	the	N170	might	be	smaller	for	inverted	faces	
than	for	upright	faces	or	there	should	be	a	larger	face	inver-
sion	effect	in	the	N170	in	foreign	than	in	local	participants.	
However,	the	critical	interaction	between	group	and	orien-
tation	was	not	observed,	that	is,	the	observed	group	differ-
ences	in	the	N170	were	indistinguishable	between	upright	
and	inverted	faces.	Hence,	our	findings	do	not	provide	evi-
dence	that	the	observed	N170	increase	due	to	social/ethnic	
immersion	reflects	differences	in	configural	visual	process-
ing.	In	addition,	the	behavioral	results	also	do	not	support	
the	notion	that	the	group	differences	in	the	N170	indicate	
differences	in	configural	face	processing	as	no	group	effects	
were	observed.	As	the	behavioral	task	used	in	the	present	
was	a	very	easy	1-	back	task	–		merely	serving	the	monitor-
ing	of	attention	and	controlling	for	the	task	difficulty	across	
groups,	future	studies	should	investigate	the	effects	of	social	
immersion	at	the	behavioral	level	by	using	suitable	tasks.

Nevertheless,	 what	 remains	 to	 be	 discussed	 are	 the	
exact	processes	 reflected	by	 the	group	differences	 in	 the	
face-	elicited	 N170	 of	 the	 current	 study.	 As	 inversion	 of	
faces	impairs	configural,	but	not	featural	processing	(e.g.,	
Bartlett	et	al., 2003),	 the	observed	N170	differences	may	
indicate	the	differences	in	facial	feature	processing.	More	
specifically,	we	suggest	that	participants	who	are	immers-
ing	 in	 a	 new	 ethnic	 environment	 recognize	 unfamiliar	
faces	in	a	feature-	based	process,	which	relies	on	the	com-
parison	of	individual	facial	features	such	as	the	eyes,	nose	
or	 mouth.	 This	 claim	 is	 supported	 by	 previous	 studies	
where	the	recognition	of	new	faces,	compared	to	old	ones,	
relies	relatively	more	on	the	processing	of	featural	infor-
mation	 (e.g.,	 Lobmaier	 &	 Mast,  2007).	 In	 addition,	 per-
ceptual	 training	 studies	 indicate	 that	 feature-	by-	feature	
strategies	may	improve	unfamiliar	face	matching	(Towler	
et	al., 2017;	White	et	al., 2015).	Also,	similar	group	differ-
ences	as	 in	 the	 face-	elicited	N170	were	observed	 for	 the	
control	condition	in	Exp.	2	—	doodles	which	are	complex	
abstract	patterns	without	clear	relational/configural	infor-
mation;	this	observation,	although	not	significant	in	Exp.	
1,	 may	 indicate	 that	 the	 social	 immersion	 in	 a	 different	
ethnic	environment	may	influence	feature	analysis	rather	
than	configural	visual	analysis.

Overall,	the	present	findings	suggest	that	the	enhanced	
face-	elicited	 N170	 in	 foreigners	 as	 compared	 to	 locals	
might	imply	the	effects	of	social	immersion	in	facial	fea-
ture	 processing	 rather	 than	 configural	 processing.	 This	
suggestion	 is	not	consistent	with	Ma	et	al.  (2022)	where	

the	 increased	 face-	elicited	 N170	 in	 Chinese	 children	 as	
compared	 to	 German	 children	 indicates	 a	 superiority	 of	
holistic	processing	in	Chinese	script	readers.	This	incon-
sistency	may	suggest	that	there	are	dissociated	underlying	
face	 processes	 affected	 by	 the	 script	 system	 acquisition	
and	the	social	immersion	experience.	In	addition,	the	cur-
rent	findings	do	not	support	claims	that	East-	Asian	partic-
ipants	show	a	general	superiority	of	holistic	processing	as	
compared	to	Caucasian	participants	(e.g.,	Blais	et	al., 2008;	
Markus	&	Kitayama, 1991;	Miyamoto	et	al., 2011).	Since	
the	evidence	for	this	claim	is	heterogeneous	(see	introduc-
tion),	our	findings	indicate	that	it	may	have	to	be	qualified	
by	the	factor	social/ethnic	immersion.

5.5	 |	 Limitations and perspectives

The	 present	 experiment	 has	 some	 shortcomings	 that	
might	be	dealt	with	in	future	studies.	Firstly,	we	examined	
the	effects	of	 immersion	experience	only	 for	a	 relatively	
narrow	range	of	immersion	durations.	Therefore,	it	would	
be	 interesting	 to	 explore	 the	 time-	course	 of	 immersion	
experience	effects.	Furthermore,	this	might	be	combined	
with,	 a	 more	 direct	 proof	 of	 the	 immersion	 account	 by	
using	a	longitudinal	design.	Secondly,	the	sample	size	of	
Study	1	was	smaller	than	20	participants	per	group,	which	
raises	the	concern	of	power.	However,	the	critical	results,	
i.e.,	 the	 main	 effect	 of	 group	 (F(1,	 34)  =  5.52,	 p  =  .025,	
�
2
p	=	0.14)	and	the	significant	interaction	between	group,	

stimulus	 orientation	 and	 hemisphere	 (F(1,	 34)  =  4.28,	
p = .046,	�2p	=	0.11),	showed	that	the	effect	sizes	estimated	
by	�2p	were	equal	or	close	to	0.14,	corresponding	to	large	
effects	(Miles	&	Shevlin, 2001).	Thus,	 the	sample	size	of	
Study	1	seems	to	be	appropriate	to	reveal	the	group	differ-
ences	observed.	The	third	limitation	of	the	present	study	
is	 the	absence	of	a	control	group,	 testing	whether	social	
immersion	 in	 a	 foreign	 country	 (that	 is,	 foreign	 in	 lan-
guage	and	culture)	might	influence	face	processing	even	
if	ethnicity	of	the	social	environment	is	constant.	Future	
studies	should	address	this	issue	by	comparing	local	par-
ticipants	 with	 participants	 who	 are	 foreigners	 but	 share	
the	same	ethnicity	as	the	locals.

The	 fourth	 shortcoming	 in	 the	 present	 study	 is	 the	
lack	 of	 high-	level	 performance	 data	 –		 it	 would	 be	 very	
interesting	 to	 see	 whether	 the	 enhanced	 N170	 during	
other-	ethnicity	 immersion	 is	 accompanied	 by	 changes	
in	visual	performance	or	whether	 the	enhanced	N170	 is	
merely	 an	 epiphenomenon	 of	 an	 overexcited	 fusiform	
face	 area	 without	 functional	 consequences.	 Finally,	 our	
study	only	 focused	on	the	effects	of	social	 immersion	 in	
Asian-	Caucasian	settings	(i.e.,	Asians	in	Caucasian	coun-
tries	and	vice	versa);	thus,	the	results	may	not	generalize	
to	other	 settings.	For	 instance,	African	participants	who	
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have	immersion	experience	in	Caucasian/Asian	countries	
and	vice	versa,	because	of	potential	differences	in	associ-
ated	racial	attitudes	(e.g.,	positive	and	negative	social	atti-
tudes	toward	specific	ethnicities)	and	race-	related	physical	
differences	(e.g.,	the	shape	of	the	eye	region	seems	more	
similar	between	African	and	Caucasian	faces	than	it	is	be-
tween	Caucasian	and	Asian	faces).	In	addition,	comparing	
to	Asian-	Caucasian	setting,	the	African-	Caucasian	setting	
would	 separate	 the	 social	 immersion	 account	 from	 the	
script	system	account	and	the	holistic	vs.	analytic	culture	
account.	Therefore,	future	studies	could	test	whether	the	
social	 immersion	 account	 applies	 also	 to	 other	 cultural	
settings	such	as	African	participants	with	immersion	ex-
perience	in	Caucasian/Asian	countries	and	vice	versa.

The	present	findings	suggest	a	fascinating	application	
perspective.	 Given	 that	 immersion	 in	 a	 different	 ethnic	
environment	 activates	 the	 face	 processing	 system,	 mak-
ing	it	more	plastic	at	least	for	a	while,	might	provide	the	
chance	to	use	other-	race	faces	as	training	material	to	im-
prove	face-	specific	abilities.

6 	 | 	 CONCLUSIONS

In	 the	 present	 study	 we	 investigated	 two	 possible	 ex-
perience	effects	on	 face	processing	at	 the	neural	 level,	a	
culture-	specific	 effect	 –		 possibly	 due	 to	 exposure	 to	 the	
logographic	script,	and	a	more	specific	effect	of	immersion	
into	 a	 novel	 social	 environment.	 We	 found	 larger	 N170	
amplitudes	to	faces	in	participants	that	were	foreigners	to	
the	lab	locations	as	compared	to	local	participants;	impor-
tantly,	this	difference	was	independent	of	the	location	of	
residence	(East-	Asian	society	vs.	Western	society).	In	ad-
dition,	the	observed	group	difference	was	indistinguisha-
ble	between	same-	and	other-	race	faces.	We	conclude	that	
immersion	into	a	novel	environment	of	different	ethnicity	
may	have	an	impact	on	the	underlying	neural	mechanism	
for	faces	in	general,	independent	of	the	ethnicity	of	stimu-
lus	 faces.	Nevertheless,	 the	N170	group	effects	were	un-
affected	by	stimulus	orientation,	suggesting	the	observed	
N170	 increase	 due	 to	 social/ethnic	 immersion	 does	 not	
reflect	differences	 in	configural	visual	processing.	These	
findings	 offer	 novel	 insights	 into	 the	 effect	 of	 visual	 ex-
perience	on	face	processing	in	times	of	globalization	and	
increasing	international	exchange	and	interactions.
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