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Multistage maturation optimizes vision

Late development of color vision improves object recognition

Pascal Mamassian

Laboratoire des systémes perceptifs, Département d’études cognitives, Ecole normale
supérieure, PSL University, CNRS, Paris, France

How can humans make sense of the world around them given the complexity and vast
amount of information that impinges their senses? This question is particularly critical for
newborns as they start to discover their environment, when the simultaneous exposure to a
variety of sensory stimuli likely makes the world feel like “one great blooming, buzzing
confusion” [(1), p. 488]. This complexity explains in part why perceptual systems (such as the
visual system) need time to fully mature, so that, for instance, motion is perceived earlier
than color, and motion of the full visual field is detected earlier than motion of isolated
objects (2). On page 907 of this issue, Vogelsang et al. (3) report the functional benefits of
multistage maturation for the visual system, showing that the late development of color
vision is important to improve object recognition. This could help to explain why sequential
steps in the maturation of perceptual abilities are important.

Vision develops across various stages. For example, newborn babies are thought to be color
blind but can discriminate some objects based on information from the intensity of light
reflected from a surface (luminance)—such as their mother’s face— although with a much
lower acuity than adults (4). Later in life, infants as young as 2 months of age can
discriminate some colors, in particular red versus green, although they are more confused
with other color contrasts, such as blue versus yellow (4). However, it is still unclear whether
there is any benefit to progressively acquiring the ability to distinguish colors.

The importance of color for object recognition has been a long-debated topic (5). Now,
Vogelsang et al. show that one of the possible benefits of late color development is to
improve the ability to recognize different commonplace objects. The results were obtained
as part of the humanitarian and scientific Project Prakash, which provides sight-restoring
treatments for teenage children in India, including through cataract surgery (6). Testing 10
children who were born blind and underwent surgery later in life (called late-sighted
individuals), they found that these individuals had more difficulties at recognizing grayscale
images of commonplace objects than colored ones, as compared with a control group of
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normal-sighted children, who were equally good at recognizing colored images (see the
figure). Because the late-sighted children had normal color vision immediately after the
restoration of their sight, Vogelsang et al. hypothesized that late color development, as is
the case for normal-sighted individuals, is essential for the robustness of object recognition
against color variations. This hypothesis was explored further using deep convolutional
neural networks trained under different regimens. These experiments showed that training a
model first with grayscale images and then with colored ones leads to more robust
performance against color variations compared with training a model immediately with
colored images. Although caution is needed when relating the insights provided by these
models to human brain processing (7), these experiments are nonetheless useful in
providing additional support for the model proposed by the authors on the advantages of
multistage maturation of color vision to improve object recognition.

Normal maturation

Colorful image perceived
as well as black and
white

Delayed maturation

Colorful image perceived
better than in black and
white

Figure. Multistage maturation improves object recognition. In normal maturation,
an infant’s vision is thought to be heavily blurred and colorless; then, gradually
luminance details sharpen, and red-green color contrasts can be discriminated; and
ultimately, a high-resolution, colorful image is perceived that strongly relies on the
luminance information similar to the black-and-white image. By contrast, when the
maturation of the visual system is delayed as a result of late cataract surgery,
luminance and color information develop simultaneously, thereby producing an
interpretation that overly relies on color and is better perceived than the
corresponding black-and-white image. [Depicted images are for illustration only and
do not pretend to accurately represent what observers actually perceive. CREDIT:
ORIGINAL PHOTOS BY K. GEGENFURTNER, MODIFICATIONS BY P. MAMASSIAN]
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The idea that perceptual systems take time to develop is not new. Seventy years ago, the
psychologist Jean Piaget emphasized that visual perception is exceptionally impoverished at
birth and that it takes months or even years to reach full maturation (8). Indeed, some
perceptual abilities appear to develop very late. For instance, even though infants as young
as a few months old can perceive the world in three dimensions from different cues in an
image, an optimal integration of these signals occurs only when children are almost
teenagers (9). Similarly, the fusion of the different senses, such as vision, audition, and
touch, also occurs in adolescence (10). The reasons explaining these very late maturations of
perceptual systems have remained a mystery, and the multistage hypothesis of Vogelsang et
al. could prompt new interpretations of previous studies.

Presenting visual properties in multiple stages may also help to treat some visual disorders
in adults. It is often stated that some visual functions can no longer be learned past a so-
called critical period (11). For example, if the two eyes are misaligned at birth and the
misalignment is not corrected within the first 6 months of life, observers will have great
difficulties at using binocular vision to see in three dimensions (12). Recent strategies to
patch one of the two eyes offer some promising avenues to help cure some binocular
deficits, such as amblyopia, at the adult stage (13). The multistage maturation hypothesis
offers an interesting prediction, whereby the presentation of selected information in
stages—rather than all at once—should further increase the efficiency of learning some
visual functions in adulthood. This hypothesis also offers a new perspective on the notion of
critical periods, suggesting that what is critical is that a processing stage should be mature
before another stage can begin.

The importance of temporal stages could also be at the origin of synesthesia, a condition
that is commonly described as a blending of the senses (14). For instance, in grapheme-color
synesthesia, an observer will systematically see some numbers and letters of the alphabet in
a specific color. Future studies should consider the possibility that this condition may arise
from a temporal irregularity in the maturation of sensory properties.

Given the blooming, buzzing confusion coming from the many senses at birth, it is no small
feat that infants manage to make sense of their environment and can even evaluate the
validity of their own perception when they are only a few years old (15). The study of
Vogelsang et al. illustrates the benefits of developing these senses in sequential steps—
showing how late color development improves object recognition—and provides new robust
learning strategies for artificial neural networks. Future studies exploring the importance of
sensory maturation in multiple stages are likely to offer new insights into numerous other
perceptual phenomena.
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