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Chromatic Perception Mediates the Response 
to Red, Green, Blue, and Yellow Stimuli 
among Children from Elementary School in 
Mexico*   

La percepción cromática media la respuesta a estímulos rojos, verdes, 
azules y amarillos en niños de escuela primaria en México

Myrna MiriaM valera Mota**
jorge Bernal Hernández***
ilHuicaMina Melina ávila lara****
enrique jiMénez valencia*****
Mariana guzMán noriega******

ABSTRACT 
Purpose: We evaluated the responses to chromatic perception (wavelength) stimuli in the visible 
spectrum among children from an elementary school in Nezahualcoyotl Country, Mexico.Ma-
terials and Methods: A software developed ad hoc was used to measure how children perceived 
the colors blue, green, yellow, and red. The tests were in monocular form, and responses were 
pooled based on their similarity according to the Pearson correlation index and cluster analysis 
by unweighted averages. A chi-square test was applied to the groups for significant differences. 
Results: Data from each wavelength were analyzed in relation to age, sex, and ocular laterality. 
At a wavelength of 450 nm, children aged 6-7 years old (group 1) of both sexes perceived the 
wavelength as skewed to the left -9.39 nm, while children aged 8- 11 years old (group 2) visua-
lized a leftward skew of -4.40 nm (P < 0.0001). Then, at 530 nm, shifts of -5.39 and -6.72 nm 
were reported in the groups 1 and 2 (P < 0.0001), while at 580 nm, the shifts were -2.59 and 
-2.62 nm for both groups (P < 0.0001). Finally, at 710 nm, the shifts were +2.49 and +2.74 nm 
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RESUMEN
Propósito: evaluamos las respuestas a estímulos (longitud de onda) de percepción cromática 
en el espectro visible en niños de una escuela primaria en el campo de Nezahualcoyotl, 
México. Materiales y métodos: se usó un software desarrollado ad hoc para medir cómo los 
niños perciben los colores azul, verde, amarillo y rojo. Las pruebas se hicieron de forma 
monocular y las respuestas fueron agrupadas con base en su semejanza según el índice 
de correlación de Pearson y el análisis de clúster por promedios no ponderados. Se aplicó 
una prueba chi-cuadrado a los grupos para ver las diferencias significativas. Resultados: 
los datos obtenidos para cada longitud de onda fueron analizados en relación con la edad, 
sexo y lateralidad ocular. A una longitud de onda de 450 nm, los niños con edades de 
6-7 años (grupo 1) de ambos sexos percibieron la longitud de onda como sesgada hacia la 
izquierda -9,39 nm, mientras que los niños con edades 8-11 años (grupo 2) vieron con un 
sesgo a la izquierda de -4,40 nm (P < 0,0001). Luego, a 530 nm, se reportaron cambios 
de -5,39 y -6,72 nm en los grupos 1 y 2 (P < 0,0001); mientras que a 580 nm, los cambios 
fueron -2,59 y -2,62 nm para ambos grupos (P < 0,0001). Finalmente, a 710 nm, los cam-
bios fueron +2,49 y +2,74 nm (P < 0,0001). Conclusión: a 450 nm, los niños más jóvenes 
percibieron las longitudes de onda lejos de lo normal, pero a mayor edad, sus percepciones 
se normalizaban. A 530 nm, las percepciones de los niños cambiaron hacia la izquierda en 
todos los casos, acercándose a la normalidad. Finalmente, a 580 nm, el cambio aún estaba 
sesgado hacia la izquierda, pero se movió hacia la derecha a 710 nm en todos los casos.

Palabras clave: percep-
ción del color, longitud 
de onda, visión cromática 
infantil, discromatopsia

Keywords: perception of 
color, wavelength, chro-
matic childhood vision, 
dyschromatopsia

(P < 0.0001). Conclusion: At 450 nm, younger children perceived wavelengths far from 
normal, but, as they aged, their perceptions normalized. At 530 nm, children’s perceptions 
shifted to the left in all cases, getting closer to normality. Finally, at 580 nm, the shift was 
still leftward but moved to the right at 710 nm in all cases.

INTRODUCCIÓN

Color is related to visual perception (1), which only 
exists in photonic environments where cones act (2). 
Normal human vision is called trichomata (3,4). 
Three types of color blindness are protan-deutan 
(congenital), and tritan (acquired). Blindness and its 
related anomaly have been previously studied (5-8).

Different available tests have been used to evaluate 
color blindness and alterations in chromatic per-
ception in epidemiological studies of patients with 
diabetes (9-14), glaucoma (15-17), or autism (18).   
The tritanopes lack cones that respond to short wa-
velengths (7). By using common techniques to mea-
sure chromatic perception (Ishihara, Matsubara, 
HRR, etc.), they detected that one of the systemic 
diseases causing alteration in color discrimination 
is diabetes. There is evidence of a reduction of tri-
tan vision in diabetic patients with macular edema 
(13,14). Another disease-causing color problem is 

glaucoma, as a sign of early damage to retinal gan-
glion cells (15-17). Moreover, in autist children and 
teenagers’ impairments in chromatic perception 
have been detected (18). On the other hand, there 
are studies using computerized stimuli (color chart) 
that have been useful to detect congenital color 
vision abnormalities (19). 

The visible spectrum for the human eye under 
normal lighting conditions ranges from 380 
to 780 nm (violet to red). The receptors are 
the cones and rods, which make 70% of the 
receptors in the whole human organism (20). 
Since previous studies used tests that measu-
re color perception in a very limited range of 
the visual wave spectrum, it is not possible to 
detect more subtle alterations around the cen-
tral wavelength for each color. This limitation 
could be solved by using different tools like a 
software that display colors in a wider range 
of wavelengths.
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There is still no theory that fully explains the 
color vision of the human being as many factors 
influence it, such as physiological stimuli, 
self-organization, learning and memory (21). 
Not only can physiological pathways modify 
the intensity of color perception, but also 
age, sex, and object form and distance (22). 
Children between 2 and 6 years old are said to 
discriminate more precisely tone differences 
rather than differences in saturation or clarity 
(23); in addition, that the lens and macular 
pigment have a lower absorption in children 
because the spectral sensitivities of pigments 
found in the photoreceptors, measured in the 
cornea, are different from adults. However, 
at wavelengths greater than 540 nm there is 
almost no difference between children and 
adults (24).

On the other hand, to explain the difference 
in the color preferences between men and 
women, theoretically we can discuss the pro-
cessing of color information in the brain as 
well as the neurohormonal and biochemical 
factors of the retina, which influences the 
color sensitivity, located in the blue-green 
range in men, and in the yellow-red range 
in women (25). Some studies have developed 
methods different from those traditionally 
used for color perception and have proved 
useful for this purpose. One study showed 
that after 6 months children’s color percep-
tion is almost the same as in adults and also 
reported differences by gender and age. It 
was concluded that there is a difference bet-
ween the 9-13-yeard old and 14-18-year-old 
groups, which is explained by the difference 
in the hormonal changes existing at this age 
in both sexes (21). However, these results are 
not conclusive and further studies are needed.  

In this study we evaluated responses to chro-
matic-perception (wavelength) stimuli in the 
visible spectrum among children from an 
elementary school, considering age, sex, and 
ocular laterality (right eye or left eye).

MATERIALS AND METHODS

In this prospective, cross-sectional, comparative 
study, a visual basic software was developed 
to evaluate the perception of wavelengths by 
displaying stimuli of different colors in the visible 
light spectrum (380-760 nm). With this approach, 
the eyes are evaluated separately and the patient 
is placed 50 cm away from the screen.

Figure 1 shows control stimulus in a bigger size 
followed by three stimuli in one column and 2 
stimuli in a second column; these five stimuli of 
smaller sizes are the comparison stimuli, with one 
of them having the same wavelength as the control 
and is displayed randomly for each measurement. 
The first measurement was a 450-nm blue control 
and the comparison stimuli were displayed in the 
order 470, 460, 450, 440, and 430 nm.

Each child was asked to indicate with the mouse 
the small square with identical color tone to the 
color tone of the big square. The software recorded 
the nm values for the control and the comparison 
stimuli. The second measurement consisted in 
green stimuli displayed at the control wavelength 
of 530 nm and other ones at 560, 545, 530, 515, 
and 510 nm for comparison.

Next, yellow stimuli were displayed: one at the 
same 580 nm as the control and five at 590, 585, 
580, 575, and 570 nm for comparison.

Finally, red stimuli displayed: first, one stimulus 
at 710 nm was the control and then five at 740, 
725, 710, 695, and 680 nm were displayed for 
comparison.

The software was designed to scan the wavelengths 
that human subjects perceived with each eye 
at each interval. A Toshiba computer (Toshiba 
Corporation, Tokyo, Japan) was used to display 
the control stimulus with its five sample stimuli 
simultaneously; comparison stimuli were chan-
ged randomly on the right side of the screen each 
time the control color changed so as to avoid the 
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subject from identifying the matching stimulus 
position by memory. This feature is very impor-
tant to conclude that the subject looked for the 
correct response by the color tone instead of the 
stimulus position.

The monitor was placed 50 cm away from the 
subjects, who were asked to carefully observe 
the stimulus sample and indicate with the mouse 
which picture on the right was the same as the 
stimulus sample. This procedure was followed 
until completing the scheduled comparisons. 
The procedure took approximately 3 minutes 
per eye. The software automatically collected 
the subject’s responses.

Figure 1. Test Application.

Source: own work

The software was applied at the Isidro Fabela 
Primary School in Nezahualcoyotl Country to all 
students. Parents were informed about the project 
and asked to approve their children’s participation 
by signing an informed consent form; the children 
also signed the form. Approval of the protocol 
was obtained from the Facultad de Estudios Su-
periores Iztacala, UNAM. A total of 162 girls and 
146 boys (308 children in total) aged between 6 
and 11 years were evaluated. The children were 
grouped by school grade (first through sixth gra-
de). Before the evaluation all the children were 
examined in their vision and, when necessary, the 
visual disorders were corrected with eyeglasses. 
The children were the experimental procedure 
and were allowed some time to get acquainted. 
This stage took from July to September 2017.

Comparisons were carried out between values 
of wavelengths perceived by children regarding 
the wavelengths used as stimulation controls 
(DEC). A cluster analysis for the six school 
grades involved in the study to determine the 
grouping as per wavelength, and taking sex 
and ocular laterality into consideration, was 
conducted. It showed that girls aged 6-11 years 
viewed a control wavelength of 450 nm first 
with the right eye and then with the left eye. 
Then, the same procedure was applied to the 
boys. Subsequently, four groups were formed to 
record their perceptions at wavelengths of 450, 
530, 580, and 710 nm. Pearson similarity index 
results were obtained according to the correla-
tion coefficient [26] among the age groups. The 
grouping was performed with the unweighted 
average ligament method (UPGMA) (27). A 
chi-square analysis was then applied between 
the groups. In short, (1) absolute differences 
were obtained between 450, 530, 580, and 710 
nm; (2) children were grouped according to 
the differences; (3) similarities between groups 
were measured by correlation; and (4) a cluster 
analysis was performed.

RESULTS

Cluster analysis findings such as dendograms 
including sex, ocular laterality, and evaluated 
wavelength are shown in Figure 2. Only groups 
with a similarity outcome of more than r = 0.70 
were considered to show significant results.

450 nm (blue)

Figure 2 presents the cluster analysis of right-eye 
perception. Girls were grouped into 6 years old 
(DEC = -11.2 nm) and 7-11 years old (r = 0.765; 
DEC = -8.16 nm), with the latter consisting of 2 
subgroups, those aged 7-11 years (r = 0.9; DEC 
= -11.18 nm), and those aged 8-10 years (r = 
0.98; DEC = -6.15 nm). For left-eye perception, 
girls were grouped into 6-7 years old (r = 0.95; 
DEC = −6.58 nm) and 8-11 years old (r = 0.75; 
DEC = -2.86 nm), with the latter consisting of 
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2 subgroups of 9 years old (DEC = -2.61 nm) 
and 8, 10, and 11 years old (r = 0.92; DEC = 
−1.61 nm).

Regarding right-eye perception in boys, 2 groups 
were formed, those aged 10-11 years (r = 0.95; 
DEC = -7.24 nm), and those aged 6-9 years (r = 
0.893; DEC = -9.78 n,), which included, in turn, 
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2 subgroups of those aged 6-7 years (DEC = -10.96 
nm) and those aged 7-9 years (r = 0.964; DEC = 
-9.39 nm). Regarding their left-eye perception, the 
2 primary groups were 8-11 years old (r = 0.734; 
DEC = +0.5 nm) and 6-7 years old (r = 0.71; 
DEC = -8.75 nm). Chi-square analysis revealed 
differences in the frequencies among the groups  
(P < 0.0001).

530 nm (green)

Figure 3 presents the cluster analysis indicating that, 
for right-eye perception, girls were divided into groups 
of 6, 8, 9, and 11 years old (r = 0.85; DEC = -7.96 nm), 
and 7 and 10 years old (r = 0.758; DEC = 4.4 nm). 
Regarding left-eye perception, girls were grouped into 
10 years old (DEC = −3.19 nm) and 6, 7, 8, 9, and 
11 years old (r = 0.832; DEC = -6.98 nm). This last 

group was further divided in 6 and 8years old (r = 0.90; 
DEC = -7.19 nm) and 7, 9, and 11 years old (r = 0.85; 
DEC = -6.84 nm).

Regarding right-eye perception in boys, three groups 
were defined: 8years old (DEC = -2.67 n), 6-7 years 
old (r = 0.843; DEC = -1.85 nm), and 9-11 years old 
(r = 0.708; DEC = -7.74). Additionally, subgroups of 
10years old (DEC = -6.67 nm), and 9 and 11 years 

Figure 2. Response to blue color

Girl’s response to blue color: FRE 450; FLE 450. Boys response to blue color: 
MRE 450; MLE 450. RE, right eye; LE, left eye; M, male; F, female. 

Source: own work
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olds (r = 0.89; DEC = -8.28 nm) were defined. Re-
garding left-eye perception, boys were grouped into 
8, 10, and 11 years old (r = 0.917; DEC = -7.41 nm); 
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9 years old (DEC = -4.17 nm), and 6- 7 years old (r = 
0.933; DEC = -6.43 nm). All groups showed differen-
ces according to chi-square test results (P < 0.0001).

580 nm (yellow)

Figure 4 presents the cluster analysis indicating 
that, for right-eye perception, girls were grouped 
into 10-11 years old (r = 0.728; DEC = -3.6 nm), 
9 years old (DEC = -1.74 nm) and 6-8 years old 
(r = 0.86; DEC = -2.68 nm). Regarding left-eye 
perception, girls were grouped into 7 years old 
(DEC = -3.53 nm), and 6, 8, 9, 10 and 11 years 
old (r = 0.898; DEC = -1.02 nm). This last group 
was further divided into 10-11 years old (r = 0.99; 
DEC = -1.77 nm), and 6, 8 and 9 years old (r = 
0.936; DEC = -0.53 nm).

Regarding right-eye perception in boys, three 
groups were defined: 10 years old (DEC = -5.42 
nm), 11 years old (DEC = -1.96 nm), and 6-9 years 
old (r = 0.77; DEC = -3.40 nm), with subgroups 
of 7-8 years old (r = 0.91; DEC = -4.4 nm), and 
6 and 9 years old (r = 0.88; DEC = -2.41 nm). 

Regarding left-eye perception, boys were grouped 
into 11 years old (DEC = -4.57 nm) and 6-10 
years old (r = 0.787; DEC = -2.15 nm), and 2 
subgroups of 7 years old (DEC = -2.5 nm), and 
6, 8, 9 and 10 years old (r = 0.823; DEC = -2.07 
nm). All groups showed differences according to 
chi-square test results (P < 0.0001).

Figure 3. Response to green color.

Girl’s response to green color: FRE 530; FLE 530. Boy’s response to green 
color: MRE 530; MLE 530. RE, right eye; LE, left eye; M, male; F, female.

Source: own work
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710 nm (red)

Finally, Figure 5 presents the cluster analysis 
indicating that, for right-eye perception, girls 
were grouped into 6 years old (DEC = +5.2 nm) 
and 7-11 years old (r = 0.714; DEC = +2.45 
nm), and 2 subgroups of 8 years old (DEC = 
+1.93 nm) and 7, 9, 10, and 11 years old (r = 
0.821; DEC = +2.58 nm). Regarding left-eye 
perception, girls were grouped into 6-8 years 
old (r = 0.853; DEC = +0.95 nm) and 9-11 
years-old (r = 0.797; DEC = +2.69 nm), and 
this last group was subdivided into 11 years old 
(DEC = +3.33 nm) and 9-10 years old (r = 0.88; 
DEC = +2.37 nm).

Regarding right-eye perception in boys, 2 groups 
were defined: 10-11 years old (r = 0.984; DEC 
= +6.04 nm) and 6-9 years old (r = 0.719; DEC 
= -1.88 nm); additionally, subgroups of 7 years 
old (DEC = -1.88 nm) and 6, 8, and 9 years 
old (r = 0.839; DEC = -1.88 nm) were also de-
fined. Regarding left-eye perception, boys were 
grouped into 6 years old (DEC = +5.71 nm); 
8, 9, and 11 years old (r = 0.851; DEC = +6.59 
nm); and 7 and 10 years old (r = 7.56; DEC = 
+3.435). All groups showed differences based 
on the chi-square test (P < 0.0001).

Figure 4. Response to yellow color

Girl’s response to yellow color: FRE 580; FLE 580. Boy’s response to yellow 
color: MRE 580; MLE 580. RE, right eye; LE, left eye; M, male; F, female

Source: own work.
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Figure 5. Response to red color

Girl’s response to red color: FRE 710; FLE 710. Boy’s response to red color: 
MRE 710; MLE 710. RE, right eye; LE, left eye; M, male; F, female.

Source: own work

DISCUSSION

Deficiencies in color vision in humans are explai-
ned by dyschromatopsia (color blindness) (3-8) or 
are associated with various ocular and/or systemic 
diseases (13-17). Most of the existing tests do not 
measure wavelength and we agree with resear-
ches indicating that there is not yet a theory to 
explain the mechanism of color vision because of 
the multiple factors involved (9). Meanwhile, some 
authors have mentioned age and sex as influential 
factors (10), indicating that, from 6 months onward, 
color perceptions in children are the same as those 
in adults (21). However, in this work, we found that 
many perception changes happen between 6 and 
11 years of age; children who are 6-7 years old show 
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differences as compared to those who are 8 years old 
regarding the laterality intervention in the perception 
of different colors. This comparison can be further 
extended to 2-6-year-old children, who precisely dis-
criminate color tone better than saturation (11). We 
found that perceptions vary at different wavelengths 
and, in addition, we managed to establish those ages 
when changes thereof occur (24). 

In this vein, blue color (450 nm) at the age of 6 
years is perceived at 439 nm in average, getting 
closer at the age of 11 years with 444 nm in the 
right eye and  448 nm in the left eye, i.e., as 
a child gets older, he/she reaches the blue 
color perception as the control stimulus; while 
when younger he/she perceives blue darker. 
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Several works have reported the effect that age 
and sex have on color perception, but they have 
not studied the influence of the ocular laterality 
on this process. Although some authors have 
indicated that sex influences color perception 
(22). this work showed that in general terms, 
at ages from 6 to 11 years, color perception 
is similar in both sexes. Moreover, our results 
showed that ocular dominance also influences 
the chromatic perception in interaction with sex 
and wavelength. For example, girls’ perception 
of blue in the right eye is closer to the color 
of the control stimulus from 7 years of age, 
while boys do so from the age of 10, although 
in both cases there are significant deviations 
towards wavelengths shorter than the control 
stimulus color. In contrast, in the left eye girls 
approach the correct perception from 8 years 
of age and keep significant deviations towards 
shorter wavelengths, while boys, at the same 
age, almost perceive the same color as the 
stimulus control and at the age of 6-7 years 
they have similar deviations towards shorter 
wavelengths as the girls. In contrast to the 
other colors, including blue, in the red color 
boys and girls showed perceptual deviations 
towards wavelengths larger than the control 
stimulus color.

Since our paradigm appropriately detects 
perceptual errors around the central wavelengths 
for each eye in healthy children, we propose as a 
useful tool to detect perceptual disturbances in 
people with any pathology in color perception.

Limitations of this study include the small sample 
size and the fact that only children from one 
school were evaluated. However, this study shows 
that measuring color might be useful to diagnose 
pathologies due to perception changes.

CONCLUSION

In this work, the chromatic perception of sti-
muli with different wavelengths (including 
blue, green, yellow and red) in children aged 
6-12 years were analyzed considering also the 
influence of sex and ocular laterality on color 
perception. The main contribution by this work 
was to demonstrate that age, sex and laterality 

Regarding green color (530 nm), perception is 
similar in both eyes in girls, i.e., they perceived 
it at 522 nm at the age of 6 years, and at 525 nm 
at the age of 11, getting closer to the control 
stimulus when growing in age. However, boys 
had a different perception in both eyes and 
difference got bigger at older ages, i.e., in the 
right eye at the age of 6 years they perceived it 
at 528 nm and 519 nm at the age of 11; in the 
left eye 524 nm and 523 nm, respectively, and 
accordingly with age they perceive the green 
darker.

Regarding yellow color (580 nm) perception 
is very similar in girls and boys with minimal 
ocular dominance because the right eye at the 
age of 6 years in both sexes perceived at 578 
nm, and at the age of 11, they did at 577 nm, 
while the left eye perceived 579 nm at the age 
of 6 years and 577 nm at 11. Again, yellow was 
darker as they grew older.

Lastly, regarding red color (710 nm) in girls both 
eyes perceived at 711 nm during ages 6-9 years, 
while at 10 in the right eye, the color was perceived 
at 715 nm and in the left eye at 713 nm, i.e., they 
perceived red darker as they aged. Regarding boys, 
perception was different because the right eye 
perceived it at 708 nm and 716 nm at the age of 
11 years; while the left eye perceived at 713 nm 
at the age of 6 years, and 717 nm at the age of 
11 years, showing red darker as boys grew older.

Previous authors have indicated that, in wavelengths 
greater than 540 nm, there are no differences 
between children and adults (24). In this work, it 
was found that under the examined wavelengths, 
a similar appreciation is seen from third grade of 
primary school, with no significant differences 
in perceptions between both sexes. In addition, 
the perceptions among first- and second-grade 
children are similar, while those from third grade 
onward begin to change, eventually correlating 
with those in fourth, fifth, and sixth grades. In 
other words, the perceptions of children change 
starting from 8 years of age and increasingly 
match the perceptions of adults.
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are factors that influence significantly to color 
perception, showing that around 11 years of age, 
the chromatic perception is very similar to that of 
adults. It differs from findings reported in other 
studies, indicating that at 8 months of age, an 
individual already perceives the color as he/she 
will perceive it in adulthood.

The degree of human perception cannot be 
evaluated only based on dyschromatopsia; in-
dividuals with this condition can perceive all 
colors but not at the same degree as other 
individuals. In children, a difference was de-
tected in the perceptions from one eye to the 
other depending on the color, meaning that 
ocular dominance in addition to the sex also 
modifies this perception. Finally, age is a very 
important factor because it was found that in 
most of the colors, perceptions were very simi-
lar in those aged 6-7 years, with perceptions 
of blue, green, and yellow shifted to the left, 
while there was a change among 8-11-year-old 
children, where perceptions approach those of 
the control colors. However, it did not occur 
with the red, when all ages perceived this color 
as shifted to the right.

This work found some changes existing during 
childhood such that different age groups should 
be further evaluated to elucidate whether more 
changes exist. The software used in this work 
is proposed as a useful tool when detecting 
perceptual disturbances in people with any 
pathology in color perception and when de-
tecting perceptual errors in normal people. 

It is suggested that studies exploring alterations 
in color perception should take into account 
factors such as sex, age, environment, ocular 
laterality and ocular/systemic pathologies to 
elucidate alterations in the perception at di-
fferent wavelengths and then adopt the best 
measures for a better diagnosis of visual impair-
ments. We hope to encourage new researches 
in areas related to variables interfering with 
color perception modifications.  
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