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1.			ABSTRACT		
	
Findings	 from	 neuroscience	 are	 increasingly	 interwoven	 with	 architectural	 research	 (1,2).	 	 Understanding	 physiological	
responses	 to	 environmental	 stimuli	 in	 the	 built	 environment	 is	 critical	 when	 evaluating	 occupant	 health	 and	 wellbeing.	
Research	in	the	field	of	photobiology	has	shown	that	lighting	conditions	can	significantly	alter	our	circadian	rhythms	through	
the	non-visual	system	(3,4).	This	might	result	 in	acute	changes	regarding	fatigue,	vigilance	or	cognitive	performance	during	
our	daily	routines	(6).	Among	the	variety	of	architectural	parameters	of	relevance	to	lighting	design	(e.g.	orientation,	material	
choice,	environmental	conditions…),	the	challenge	is	to	determine	which	specific	features,	if	any,	have	a	significant	influence	
on	the	physical	properties	of	light	initiating	a	neurobehavioral	process.		
	
Until	recently,	most	of	the	studies	on	the	non-visual	system	were	done	at	night	with	controlled	light	exposure.		In	order	to	
test	if	realistic	daylight	exposure	during	working	hours	triggers	physiological	and	behavioural	responses,	we	designed	a	field	
experiment	 at	 the	 EPFL	 (Switzerland)	 to	monitor	 different	 lighting	 conditions.	 The	 experimental	 conditions	 were	 created	
using	an	adaptive	façade	glazing	technology	called	electrochromic.		Participants	were	recruited	and	asked	to	work	for	6	hours	
per	 day	 in	 either	 a	 classroom	 with	 the	 glazing	 turned	 on	 (which	 makes	 the	 light	 bluer),	 or	 turned	 off	 (neutral	 lighting	
condition)	(fig.1).		We	know	from	photobiology	that	the	intrinsically	photosensitive	retinal	ganglion	cells	(ipRGCs)	responsible	
for	 converting	 light	 into	 a	 neurological	 signal,	 are	most	 sensitive	 to	wavelengths	 around	480nm	 (blue	 light).	 	 By	 exposing	
participants	 to	 blue	 and	 neutral	 light	we	 can	 test	 if	 the	 spectral	 sensitivity	 of	 the	 non-visual	 system	 produces	 noticeable	
changes	on	alertness,	fatigue	or	cognitive	functioning,	but	also,	on	heart	rate	variability	or	skin	temperature.		Each	of	these	
markers	 was	 assessed	 qualitatively	 and	 quantitatively	 with	 hourly	 app-based	 self-rated	 questionnaires	 and	 performance	
tests,	and	with	continuous	physiological	measurements.	Circadian	rhythmicity	was	also	monitored	outside	the	experimental	
setup	 using	 skin	 temperature	 sensors	 and	 app-based	 sleep-activity	 diaries.	 Vertical	 illuminance	 and	 irradiance	 was	
continuously	 recorded	 at	 the	 eye	 level	 with	 a	 customized	wearable	 device	 (fig.	 2),	 and	 used	 as	 an	 input	 for	 a	 predictive	
computational	model	(7)	to	assess	the	potential	of	lighting	for	non-visual	responses.	
	
Tracking	 light	 exposure	 over	 time	 under	 “real	 life”	 conditions	 is	 essential	 to	 evaluate	 the	 role	 of	 adaptive	 architectural	
strategies,	such	as	glazing,	on	improving	behaviour	and	mitigating	negative	effects	on	wellbeing	in	classrooms.	The	protocol	
developed	 for	 this	 study	allows	us	 to	monitor,	 for	 the	 first	 time	and	with	 limited	 intrusion,	effects	of	different	daylighting	
conditions	on	circadian	rhythmicity,	physiology	and	subjective	behaviour.	
	
 

 (a) 		 	(b)   
 
Figure	 1.	 (a)	 Experimental	 design.	 Control	 group	 experienced	 daylight	 neutral	 conditions	 (left)	 and	 intervention	 group	 experienced	 red-
impoverished	daylight	(right).	(b)	SMEAS,	customized	wearable	device	to	measure	vertical	illuminance	and	irradiance.	
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