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Darks and Lights, the
‘Yin–Yang’ of Vision
Depends on Luminance
Dirk Jancke 1,*

We all know the disappointment
when, after a wonderful snapshot,
the details in the photo are at much
lower contrast than seen before
with our own eyes. A recent study
by Rahimi-Nasrabadi et al. revealed
that this is because human vision
accounts for actual luminance
range and for accompanied asym-
metric changes in dark and light
contrasts.

How can neuronal processing do a
better job sampling visual contrast in
natural scenery than a high-tech camera?
Throughout the day we experience
changes in the amount of reflected light
(i.e., luminance) that can range up to
10 000-fold. It has been generally assumed
that in naturalist settings, luminance con-
trast (the relative difference in brightness
of objects) is largely independent of lumi-
nance range. Accordingly, it has been
commonly hypothesized that the mecha-
nisms operating in the visual system aim
to ensure that contrast sensitivity should be-
come independent of absolute luminance.
This, together with mechanisms that com-
pensate for light intensity (e.g., pupil size
changes), has been the mainstream line of
thought in relation to the ability of biological
systems to adjust to a wide range of
luminance changes. Based on somewhat
similar reasoning, cameras foremost use
aperture width and shutter speed to handle
variations in overall luminance. Because
visual contrast often specifies the most
informative parts within an image, sensitivity
to contrast is fundamental for finding struc-
ture in the environment. In fact, up to now,
also in the context of cortical visual pro-
cessing, a prevalent notion has been that
contrast sensitivity is essentially indepen-
dent of luminance range [1].

A recent study from Jose-Manuel Alonso’s
group, Rahimi-Nasrabadi et al., [2] shows
that this proposition is largely wrong. Thus,
their findings may extend and revise current
understanding of a widely accepted neuro-
nal processing principle. Why were alterna-
tive accounts overlooked so far? The study
is one of those cases where previous
claims, especially those that appear set in
stone, get disproved when revisited with
newly available techniques and approaches
[2]. First, to mimic contrast–luminance inter-
actions in environments much brighter than
typically used in laboratory settings, the
authors employed a type of monitor for
stimulus display that could reach excep-
tionally high luminance values. Second,
the authors designed visual stimuli (as de-
scribed next) that differ from the grating
stimuli typically used for determining corti-
cal contrast sensitivity. Importantly, the
use of grating stimuli (i.e., patterns with
symmetric deviations of white and black
from mean luminance) hinders sampling
of asymmetries between darks and lights
(but see [3]).

In their study, Rahimi-Nasrabadi et al. used
stimuli with different combinations of con-
trast polarity, luminance contrast, back-
ground luminance, and luminance range,
while measuring neuronal responses across
primary visual cortex in cats (using single-
unit recordings) and in humans [using
electroencephalogram (EEG)]. The authors
found that increasing luminance led to a
shift of the contrast response function for
pathways signaling light (‘ON’ responses).
This resulted in elevated sensitivity at lower
light contrasts, at the cost of saturation at
higher contrasts. Conversely, responses of
pathways signaling darks (‘OFF’) became
slightly more linearized. Taken together,
these changes in the contrast response
functions enhanced light–dark differences
across the full range of contrasts. Con-
sequently, on a sunny day, differences
between the brightest regions of a
scene appear less pronounced (Figure 1,
left), while subtle dissimilarities within
darker regions become more detectable
(Figure 1, right).

Does such processing strategy make
sense in terms of real-world vision? It
does indeed. To examine this, the authors
analyzed thousands of natural images that
were carefully calibrated [4] such that
original luminance values can be retrieved
by conversion factors based on camera ap-
erture, shutter time, and ISO number (see
http://bethgelab.org/datasets/vanhateren/
for an online access of the dataset with con-
venient programming code). The analysis
showed a striking similarity between the cu-
mulative density functions of pixels cate-
gorized by either light or dark and the
observed neuronal contrast response func-
tions. Hence, neuronal function matched
perfectly with visual input statistics. That is,
asymmetries between dark and light distri-
butions in natural images were mirrored
by asymmetric deflections of the neuronal
dark–light contrast response functions.
Once more, these results demonstrate the
remarkable ability of the visual system to
efficiently encode and dynamically adapt to
information content of natural habitats.

ON–OFF contrast asymmetries in the visual
cortex are likely inherited from the retina
[5]. The question of whether ON–OFF path-
ways remain segregated or alternatively
merge at the cortical level has been a
matter of some debate. While the two path-
ways are often thought to merge in the cor-
tex, several studies by Jose-Manuel Alonso
and colleagues demonstrated that the
functional segregation of these pathways
is preserved [5,6]. Relatedly, functional
asymmetries between ON and OFF chan-
nels could explain why black letters written
on white paper can be detected with higher
resolution than vice versa [5]. Moreover,
asymmetric processing of lights and darks
preserves information about object contrast
polarity [3] and may also support cortical
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Figure 1. Mimicking Human Vision. Efficient neuronal encoding of luminance contrast under largely different
conditions of reflectance. Upper photograph shows an original image displayed as taken by a camera [4].
Bottom photograph is the same as upper photograph after applying an 'ONOFF' algorithm developed by
Rahimi-Nasrabadi et al. based on responses in primary visual cortex (see also supplemental Figure 4 in [2]). Note
that the algorithm simulating human perception slightly blurs contrast within bright regions (compare upper and
lower left patches). Conversely, items within darker regions are perceived in much greater detail than within the
original picture (cf. patches at right).
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detection of motion [7]. In fact, similar com-
putations of contrast polarity have been
observed in humans and a wide range of
species, including flies, suggesting an evo-
lutionary well conserved (and therefore likely
efficient) strategy for the detection of motion
in natural surrounds [8].

Interestingly, despite considerable dif-
ferences in recording methods across
species (EEG versus single-cell recordings
in humans versus cats, respectively), the
study by Rahimi-Nasrabadi et al. yielded
remarkably similar results for the two spe-
cies investigated. This may simply point to
obvious similarities in the experienced
visual world of both species, despite dis-
crepancies in the amount of day/night
activities and the associated differences in
luminance exposure. But perhaps an even
more important point to consider is that
the recordings in cats were performed
under anesthesia. This may indicate that
most of the neuronal image processing
principles found in the study, which ulti-
mately serve to drive attention and which
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are generally important for cognition, reflect
subconscious ‘automatic’ computations.

The neuronal mechanisms by which the
discovered luminance-dependent changes
in the contrast response functions are
brought about remain to be further ex-
plored. Possible contributors to such dy-
namics are modulatory systems. From
sunrise to sunset, luminance values exhibit
dramatic changes and the influence of
some neuromodulators appears to covary
with daily cycles as well. For example, re-
lease of serotonin seems to synchronize
with the day–night cycle. Indeed, modula-
tions of the contrast response function
were recently shown to depend on seroto-
nergic levels and the current state of the
cortex [9]. As a number of psychiatric disor-
ders (like depression, anxiety, and schizo-
phrenia) are associated with serotonin-
dependent changes in cortical state, one
may speculate that measurements of
dark–light contrast sensitivity that take
luminance range into account may offer
new approaches for diagnosis.
Along with implementations in image pro-
cessing devices and of algorithmic tools
that mimic more truthfully human luminance
vision, the study by Rahimi-Nasrabadi et al.
will certainly facilitate the characterization
and monitoring of dysfunction associated
with visual diseases. Furthermore, this line
of research has significant potential in
revealing the concrete neuronal causes of
visual disorders. For instance, amblyopia,
a severe asymmetric decline of visual corti-
cal function (where input of one eye domi-
nates input from the other eye; up to 5%
of children worldwide are affected) was
shown to correlate with optical blur during
brain development and was associated
with increasing dominance of the pathways
signaling darks [10].

Yin and Yang are two complementary
forces in ancient Chinese philosophy that
together describe the nature of real-world
elements. Yin represents the dark (negative)
side, whereas Yang stands for the light
(positive) one. In such figurative sense and
in neuronal terms, the study by Rahimi-
Nasrabadi et al. shows how light and dark
forces interact and how such interactions
profit from a third force, namely, luminance.

Acknowledgments
This work was supported by the Deutsche

Forschungsgemeinschaft (DFG, German Research

Foundation) - Project ID 122679504 - SFB 874; Priority

Programme SPP 1665 (JA 945/4-1, HE 2471/12-1);

DFG Grant JA 945/5-1; German-Israeli Project Coopera-

tion (DIP) JA 945/3-1 and SL 185/1-1; and by the

Bundesministerium für Bildung und Forschung, BMBF

(Bernstein Group Bochum, Project number 01GQ0704).

Declaration of Interests

The author declares no competing interests in relation

to this work.

1Optical Imaging Group, Institut für Neuroinformatik, Ruhr
University Bochum, 44780 Bochum, Germany

*Correspondence:
dirk.jancke@rub.de (D. Jancke).

https://doi.org/10.1016/j.tins.2021.02.007

© 2021 The Author. Published by Elsevier Ltd. This is an open
access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.tins.2021.02.007


Trends in Neurosciences
OPEN ACCESS
References
1. Mante, V. et al. (2005) Independence of luminance and

contrast in natural scenes and in the early visual system.
Nat. Neurosci. 8, 1690–1697

2. Rahimi-Nasrabadi, H. et al. (2021) Image luminance
changes contrast sensitivity in visual cortex. Cell Rep.
34, 108692

3. Onat, S. et al. (2011) Independent encoding of grating mo-
tion across stationary feature maps in primary visual cortex
visualized with voltage-sensitive dye imaging. Neuroimage
55, 1763–1770
4. van Hateren, J.H. and van der Schaaf, A. (1998) Independent
component filters of natural images compared with simple
cells in primary visual cortex. Proc. Biol. Sci. 265, 359–366

5. Kremkow, J. et al. (2014) Neuronal nonlinearity explains
greater visual spatial resolution for darks than lights.
Proc. Natl. Acad. Sci. U. S. A. 111, 3170–3175

6. Jin, J.Z. et al. (2008) On and off domains of geniculate
afferents in cat primary visual cortex.Nat. Neurosci. 11, 88–94

7. Rekauzke, S. et al. (2016) Temporal asymmetry in dark-
bright processing initiates propagating activity across
primary visual cortex. J. Neurosci. 36, 1902–1913
8. Clark, D.A. et al. (2014) Flies and humans share a motion
estimation strategy that exploits natural scene statistics.
Nat. Neurosci. 17, 296–303

9. Azimi, Z. et al. (2020) Separable gain control of ongoing
and evoked activity in the visual cortex by serotonergic
input. eLife 9, e53552

10. Pons, C. et al. (2019) Amblyopia affects the ON visual
pathway more than the OFF. J. Neurosci. 39, 6276–6290
Trends in Neurosciences, Month 2021, Vol. xx, No. xx 3

http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0005
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0005
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0005
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0010
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0010
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0010
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0015
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0015
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0015
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0015
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0020
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0020
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0020
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0025
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0025
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0025
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0030
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0030
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0035
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0035
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0035
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0040
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0040
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0040
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0045
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0045
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0045
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0050
http://refhub.elsevier.com/S0166-2236(21)00039-4/rf0050

	Darks and Lights, the ‘Yin–Yang’ of Vision Depends on Luminance
	Acknowledgments
	Declaration of Interests
	References




