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Abstract

Since the discovery of ipRGCs in the human eye [1-3], the field of circadian photoreception has led to
fundamental discoveries on the effects of ocular light exposure on non-visual responses such as
alertness, sleep, health and other neurobehavioral processes.

They have come from a variety of laboratory studies (often conducted at night to use melatonin levels
as an indicator of circadian phase [4-6]), in which participants are usually exposed to rather extreme
and well-controlled conditions [7]. Their applicability to real-life, daytime conditions, are thus difficult to
assess, and to what extent these findings matter for architectural design still remains ambiguous.

The role of daylight in this context has so far not been clearly identified either. Abundant and inherently
renewable, this source of light is usually considered necessary for regularly occupied working or living
environments to be acceptable [8]. Yet it is rarely included in research studies due to its somewhat
unpredictable nature. To address this knowledge gap, and considering that we spend the vast majority
of our time indoors, it is becoming urgent to get a better understanding of our ‘light hygiene’ within the
built environment, and determine whether and to what extent certain key properties of (day)light — its
spectral distribution and its intensity over time — may impact our well-being or the adequacy of the
places in which we work, learn or are being cared for [9-11] to fulfill our needs.

Ongoing research efforts at LIPID aim to tackle this question from three perspectives, whose main
outcomes and concepts are provided in figures A, B and C below. Semi-controlled, multiple-day studies
focusing on daytime alertness in classrooms with distinct conditions in intensity and spectrum [12-13)]
were conducted in 2018 and repeated in 2019 (A). During these studies, a total of 68 subjects were
asked to complete hourly routines that included subjective behavioral self-reports and attentional tasks,
while monitoring their autonomic nervous activity through electrocardiogram recordings.
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A: Effects of intensity and spectrum on non-visual effects of light indoors — B: Measuring and analyzing spectral
properties of light exposure — C: Simulation workflows to anticipate non-visual effects in design



Outcomes showed that participants felt overall more alert, had higher attention spans and decreased
heart rate decreased while in bluer rather than neutral dim environments, and while exposed to brighter
rather than dimmer neutral daylight conditions. The next step is thus to anticipate the implications of
design decisions or lifestyle choices affecting access to daylight by resorting to broader data collection
and to simulation models.

Towards this end, wearable technology is being developed in combination with novel mathematical
models to build more knowledge about the ’'spectral diet’ [14] we are actually experiencing in our urban
lifestyle (B) and better anticipate its potential impact on health and well-being. Specifically, the objective
is to map the current topography in ‘light hygiene’ by collecting ambient light information from multiple
individuals to assess the prevalence of different spectral diets. We are then interested to evaluate the
long-term potential health impact posed by the more common diet profiles in order to assess the global
risk associated with poor light hygiene, which requires to resort to simulation.

New simulation workflows are thus needed that rely on models able to link given properties of light [15]
with neurophysiological responses (C). The idea is to determine to which degree spectral simulation
can be used to predict building occupants’ exposure to light (considering both the spectral distribution
and intensity over time), accounting for probable changes in view direction and position over time.

The ultimate objective pursued here is to help inform design with a better understanding of what we
should be most attentive to with regards to our light exposure when designing working, learning or
healing places [16].
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