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Summary. — The viral phenomenon of “The Dress” image, which emerged in
2015, revealed how color perception varies significantly among individuals. This
study investigates the perceptual differences of individuals with various types of color
vision deficiencies when observing “The Dress.” Utilizing both qualitative surveys
and quantitative colorimetric analyses, we explore how anomalous trichromats and
dichromats perceive the ambiguous colors of the dress compared to individuals with
typical vision. Our findings highlight the role of color vision physiology in perceptual
disagreements, stimulating to improve the research in this topic.

1. – Introduction

“The Dress” is a photograph that appeared and went viral on various social networks
in 2015 and continues, even today, to create a great debate among people who observe
it for the first time. By observing this image, which anyone can do by going to the
corresponding Wikipedia page called “The Dress”, some people report seeing a blue and
black dress, while others a white and gold one, despite observing the exact same image,
as can be the case of two people observing the same computer screen simultaneously.
Many studies have been conducted to estimate the distribution of subjects who observe
this interesting image and to provide an explanation for the phenomenon, an explanation
that often refers to one of the most interesting characteristics of colour perception, colour
constancy [1-3].

In this article, we present the results on the color perception of “The Dress” in a large
sample of subjects, a subset of which present color vision anomalies.

2. – Subjects

The experimental sample consists of 75 subjects aged between 18 and 64 years, with
an average age of 26± 11 years. Within the sample, 58 subjects are not affected by color
vision anomalies as control group, while 16 are affected by color blindness, including one
woman.
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Table I. – Distribution of the three types of color vision anomalies in relation to the gender of
the subjects.

Gender Protan Deutan Tritan
Male 4 11 0
Female 0 1 0

3. – Evaluation of color anomalies

To assess color vision anomalies, the test used was the Colour Assessment and Di-
agnosis (CAD). The CAD test isolates the use of coloured signals and measures colour
detection thresholds [4, 5].

The CAD and its short version CVS have very good sensitivity and specificity [6].
The CAD test was described elsewhere [7].

The distribution of anomalies in our experimental sample, based on CAD results, is
shown in table I.

4. – The experiment for the evaluation of the color of “The Dress”

Subsequently, all subjects were asked to perform a test to determine the color of “The
Dress”, conducted on a 24” calibrated computer monitor (NEC Multisync PA243W) with

white Luminance Y = 38 Cd/m
2
.

The subject was positioned in front of the computer at a distance of approximately
60 cm in a dark room. The monitor displayed the original image of the dress (on the
left), the color space (on the upper right), and a colored rectangle (on the lower right)
(fig. 1).

Fig. 1. – Screenshot of the test interface. On the right the color space used. Movement along
the abscissa changes the hue of the color (from red to violet), and movement along the ordinate
changes the saturation (decreasing saturation from top to bottom).
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Table II. – Color perception of “The Dress” chosen by non-anomalous subjects compared to the
results obtained in the cited article.

Perceived colors Our experiment Lafer-Sousa et al.

White-Gold 36.3% 30%
Blue-Black 51.7% 57%
Blue-Brown 10.3% 11%
Other 1.7% 2%

The abscissa of the color space represents the hue, and the ordinate represents the
saturation (fig. 1 (right)).

Using the keyboard, the subject modified the colour and brightness of the initially
gray rectangle. Each subject was asked to match the colour of the rectangle with that
of two parts of the dress: the first being the lace (typically perceived as gold or black)
and the second being the fabric (typically perceived as white or blue). Finally, all test
participants were asked what colour they perceived the dress to be.

5. – Results

First, we compared the results obtained in our study on non-anomalous subjects with
those obtained from the Lafer-Sousa et al. article [2], which utilizes a sample size very
close to ours (table II). In table II and also in table III the “perceived color” means the
verbal response by the participant. The distributions are remarkably similar, with the
blue-black choice being the most common.

Next, we compared the color perception of “The Dress” chosen by anomalous subjects
with that of non-anomalous subjects (table III). The “other” category corresponds to
perceptions of violet-black or violet-brown.

An analysis of the results concerning the precise identification of colours in a plane
of the HSV (hue, saturation, value) colour space at fixed value of V reveals significant
differences between responses of the control group (non-anomalous subjects, hereinafter
referred to as N) compared to the experimental group (anomalous subjects, hereinafter
referred to as A).

Consider, for example, the responses obtained when subjects were asked to evaluate
the portion of fabric perceived as white (by those who see white-gold) or blue (by those
who see blue-black) (fig. 2). In the N group, the perceived hue is essentially uniform.
In contrast, in the A group, the hue varies depending on individual perception: among
subjects who see white (fifth column) and those who see blue (sixth column), the boxes

Table III. – Color perception of “The Dress” chosen by anomalous and non-anomalous subjects.

Perceived colors Anomalous Non-anomalous

White-Gold 18.7% 36.2%
Blue-Black 31.3% 51.7%
Blue-Brown 12.5% 10.3%
Other 37.5% 1.7%
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Fig. 2. – Box-and-whisker plot of hue values reported by subjects when viewing the portion of
the dress most often identified as white or blue. The first four columns from the left represent
responses from non-anomalous subjects (N), and the fifth through eighth columns represent
those from anomalous subjects (A). Within both groups, the first column shows those who
perceived white, the second blue, the third cyan, and the fourth other responses (often purple).

encompassing the values from the 25th to the 75th percentile are completely disjoint.
Regarding the “other” category (fourth and eighth columns), it is interesting to note
that subject N , who gave this response, presents a hue very similar to that provided
by subjects A (the medians practically coincide). This could suggest that subject N is
actually a subject A not correctly recognized by the test.

However, in the N group, the difference in perception does not lie in the hue, but
rather in the saturation. In this case, an opposite trend is observed (fig. 3): while in the
N group there is a clear distinction between the saturation values of perceived white and
blue, in the A group these values appear more similar. Regarding saturation as well, the
fourth and eighth columns are consistently comparable, while this is not the case for the
third and seventh columns (blue perception), which, in group A, leads to a much higher
saturation.

Fig. 3. – Box-and-whisker plot of saturation values reported by subjects when viewing the
portion of the dress most often identified as white or blue. The first four columns from the
left represent responses from non-anomalous subjects (N), and the fifth through eighth columns
represent those from anomalous subjects (A). Within both groups, the first column shows those
who perceived white, the second blue, the third cyan, and the fourth other responses (often
purple).
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6. – Conclusions

While the results for the N group are in line with previously published findings
regarding the distribution of people who see the dress in its various versions, the results
for the A group are highly variable. Very few people see the dress as it is seen by the
N group. The results regarding the perception of hue and saturation also show a large
difference between N and A. Especially looking at the “classical answers” (white-gold
and blue-black for the N subjects) the differences rely on saturation (first two columns
of fig. 3) while the hues are comparable (first two columns of fig. 2), while for A subjects
the hues are completely different (fifth and sixth columns of fig. 2).

If the data confirm that the perception of “The Dress” coincides with a real difference
in color perception, and not, for example, in differences related to color naming, the data
on the A group allow us to think that the study on a larger number of subjects with a
wider distribution among deutan, protan and, if possible, tritan, could lead to interesting
results for the chromatic perception of N subjects as well, as has often happened in the
history of color vision.
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