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When you step outside on a sunny day, your pupils (the dark spots in
the center of your eyes) shrink to block out light. In the dark, however,
your pupils grow to let more light in. This automatic reaction helps
your eyes adjust so you can see comfortably. But pupils do not
only react to the light; they also change when you imagine light
and dark images. This discovery demonstrates that the eyes provide
a window into the imagination. Not everyone imagines the same
way: some people see vivid images, others faint ones, and some
none at all. By measuring pupil size, scientists can learn how strong
someone's inner pictures are and can even detect when the ability
to see mental images is absent. These �ndings highlight how the
eyes can re�ect hidden di�erences in the way people's minds work,
showing that there are many paths the brain can take to imagine and
solve problems.
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WHAT IS MENTAL IMAGERY?

Have you ever stumbled out of a dark movie theater into bright sunl ight
and had to squeeze your eyes shut? That was your eyes protecting
themselves from the sudden �ood of light. Not only do your eyelid s
react, but the black circles in the center of your eyes, called pupils ,PUPILS

The black circles in the
center of the eyes.

shrink to block some of the brightness. When the situation is revers ed
and you walk into darkness, your pupils grow larger to let in more
light. This automatic change helps your eyes control light. But he re
is something surprising: your pupils do not only respond to the l ight
around you, they also respond to the light you imagine! Scientists have
found that when people picture something bright, like the sun or a
white sheet of paper, their pupils get smaller. And when people pi cture
something dark, like a cave or the night sky, their pupils grow la rger.
In other words, your eyes can reveal what your mind's eye is seein g,
even if nothing has changed in the real world.

This ability to “see without seeing” is called mental imagery . Everyone's

MENTAL IMAGERY

The ability to picture
things in your mind
without actually seeing
them, like recalling a
memory or imagining
something new.

mental imagery is a little di�erent: some people see vivid, almos t
movie-like images in their heads, while others have fainter or le ss
detailed images. A small group of people have no mental imagery at all,
a condition called aphantasia (you can read more about aphantasia in

APHANTASIA

The inability to form
visual mental images,
while still being able to
think about and
remember these
images in other ways.

this Frontiers for Young Minds article ). So how can our eyes reveal what
our mind is “seeing”? One method scientists use is called pupillometry ,PUPILLOMETRY

A technique that
records pupil size with
a camera to study how
the eyes react to light,
pictures, and
mental activity.

which refers to measuring the size of the pupils with a special camer a.
Because you cannot control your pupils directly (you can move y our
eyes, of course, but you cannot voluntarily control pupil size ), changes
in their size give scientists a window into how the brain works when
people imagine images.

HOW DO THE PUPILS WORK?

Your eyes work a bit like a camera. The colored part of your eye, called
the iris , is made of tiny circular muscles that open and close the pupil

IRIS

The colored part of
the eye.

(Figure 1). The pupil is not a structure itself, but rather an opening
whose size determines how much light enters the eye. When you step
into a bright environment, the muscles of the iris automatically tig hten,
making the pupil smaller so that less light �oods in. In the dark, the
muscles automatically relax, letting the pupil widen to capture as mu ch
light as possible.

Scientists call this automatic adjustment the pupillary light response ,

PUPILLARY LIGHT
RESPONSE

The eye's re�ex that
makes pupils smaller in
light and larger in
darkness, helping us
see clearly in
di�erent environments.

and it ensures that just the right amount of light reaches the bac k
of your eyes, where the retina turns light into signals your brain

RETINA

The rear part of the eye
that has light-sensitive
cells, called rods and
cones, which turn light
into neural signals the
brain uses to see.

can understand ( Figure 1). Without this response, things would look
blurry or seeing would be uncomfortable, especially when movin g
quickly between dark and bright places. The cells in your retina also
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Figure 1

Figure 1

Light enters the eye
through the pupil, the
black opening in the
center of the eye. The
iris, the colored
muscles around the
pupil, makes the pupil
bigger or smaller
depending on how
bright the environment
is. The light then travels
to the back of the eye
and hits the retina. The
retina changes the light
into nerve signals that
are sent to the brain,
which turns them into
the images we see
(Image created with
Copilot ).

adapt too, becoming more or less sensitive in particularly brig ht or
dark environments.

For a long time, scientists thought the pupils only reacted to the ligh t
around us. But recent research has shown that pupils also respo nd
to many things happening in the brain, like paying attention (like wh en
focusing on a game), working hard to solve a tricky problem, or fe eling
strong emotions such as excitement. One especially fascinating
example is mental imagery: just picturing something bright or d ark
can make the pupils shrink or grow, even when the light in the room
has not changed. This means pupillometry can reveal what the min d
is doing.

HOW DO SCIENTISTS MEASURE MENTAL IMAGERY
THROUGH THE EYES?

Studying mental imagery is tricky, because scientists cannot see inside
someone's mind. They usually ask people to describe their menta l
images, but that is not always reliable. Sometimes people have tr ouble
�nding the right words, and sometimes they are not even sure what
they see in their mind's eye. This is where pupillometry helps (yo u can
read more about pupillometry in this Frontiers for Young Minds article ).
During an experiment, a participant might �rst look at a bright o r dark
picture on a screen, which makes their pupils shrink or grow while
scientists use pupillometry to measure their size. Then the picture
disappears, and they are asked to imagine the picture again. If the ir
pupils change in the same direction as before, that is strong evid ence
that the picture really came back in their mind's eye ( Figure 2).

kids.frontiersin.org May 2026 | Volume 14 | Article 1700515 | 3

https://kids.frontiersin.org/articles/10.3389/frym.2019.00003
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2026.1700515
https://kids.frontiersin.org/article/10.3389/frym.2026.1700515
https://kids.frontiersin.org/article/10.3389/frym.2026.1700515


Del Sordo and Hout

Figure 2

Figure 2

Your pupils
automatically get
smaller in bright light
and larger in the dark.
In the graph, people
with vivid mental
imagery and people
with aphantasia both
show shrinking pupils
when they look at a
bright picture (the
yellow portion of the
plot). Then, they are
asked to imagine the
picture for a short time,
and the researcher tells
them when to stop (the
blue portion). People
with vivid imagery show
the same shrinking
again, as if their eyes
are responding to the
imagined light. People
with aphantasia, who
cannot form mental
pictures, show no
change in pupil size
(Graph created with
ChatGPT).

What makes pupillometry so useful is that it o�ers scientists a mo re
objective way to study imagery. When researchers ask people to rate
their own images, they might say things like “my image is clear” or
“it is fuzzy”. But self-reports can be tricky because some people may
underestimate or overestimate their imagery, and others may strugg le
to describe it at all. Pupillometry provides an outside signal th at is
not under a person's control. If someone's pupils shrink more when
imagining a bright scene than a dark one, that tells scientists that their
imagery is strong. If the pupils barely change, the person's ima gery
may be weaker, even if the person says otherwise.

WHAT SCIENTISTS HAVE LEARNED

Scientists have conducted a few experiments to see how the pupils
reveal what is going on in the mind's eye. In one of the earliest stu dies,
people were shown simple bright or dark shapes on a screen, like white
or black triangles [ 1]. Later, when asked to imagine those shapes while
looking at a blank background, their pupils responded just as if they
were really seeing the shapes: shrinking for bright images and growing
for dark ones. This gave the �rst evidence that mental imagery ca n
a�ect the eyes in the same way as real light.

More recently, scientists asked whether pupil changes could show
how vivid a person's mental imagery is [ 2]. They found that people who
reported clearer, more detailed images had bigger pupil respo nses,
while those with weaker images had smaller ones. A group of people
with aphantasia, who cannot form visual images at all, showed no pu pil
change when asked to imagine light and dark scenes. This showed th at
aphantasia can be detected by studying the eyes.

Other researchers have shown that mental imagery can a�ect the
eyes in other ways. In one study, participants were asked to picture
a map of France and judge whether di�erent cities were to the left or
right of Paris, the capital [ 3]. People with typical imagery often moved
their eyes across the blank screen as if scanning an invisible m ap,
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and their pupils adjusted along with the task. People with aphantasia,
however, solved the problem di�erently. Instead of “looking” at a map
in their mind's eye, many relied on facts they had learned, such a s
remembering that a certain city is west of Paris. Their pupils got larger
during the task, which showed that this way of working required extra
mental e�ort. This �nding shows that people with aphantasia can solve
imagery tasks, they simply use alternative strategies to do so ( Figure
3).

Figure 3

Figure 3

People solve imagery
tasks in di�erent ways.
Some see a clear
picture in their mind
(like the person on the
left), others see only a
faint or blurry one (like
the person in the
middle). People with
aphantasia tend to use
facts instead of mental
pictures (like the person
on the right). Even
though some strategies
may take more e�ort,
everyone can still solve
the imagery problem
(Image created with
ChatGPT).

WHY STUDYING PUPILS MATTERS

Studying pupils may seem like a strange thing to do, but it opens
a big window into the mind. Pupillometry helps scientists measure
something that used to be invisible: the images people create in the ir
heads. By looking at the eyes, researchers can discover how vi vid
someone's mental pictures are, how much e�ort they are using, an d
even which strategies they rely on to solve problems.

This research shows that there is no single “right” way for the brain
to work. Some people picture things very clearly, while others think
more in words, facts, or logical steps. Both approaches can lead to
the same correct answer but using di�erent strategies. Pupillom etry
reveals these hidden di�erences, showing that people's brains operate
in very diverse ways.

That is a powerful lesson for all of us. People's minds work di�e rently,
and that is okay. In fact, those di�erences are what make classroo ms
and teams stronger. One person might imagine a scene in detail,
another might remember key facts, and another might spot a cleve r
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shortcut; together, these unique people with di�erent approaches c an
solve problems in ways that no single mind could do alone.

AI TOOL STATEMENT

The author(s) declared that generative AI was used in the creation o f
this manuscript. Generative AI (ChatGPT and Microsoft Copilot) was
solely used to generate the three �gures present in this manuscrip t.

Any alternative text (alt text) provided alongside �gures in this
article has been generated by Frontiers with the support of arti�cia l
intelligence and reasonable e�orts have been made to ensure
accuracy, including review by the authors wherever possible. I f you
identify any issues, please contact us.
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YOUNG REVIEWERS

DELARA,AGE: 12
My name is Delara, I am 12, almost 13 years old, and I enjoy a variet y of hobbies
such as skiing, piano, and taekwondo. I also �nd happiness in readin g; my favorite
books I just �nished are The Golden Compass, The Rose Bargain, and Pri de and
Prejudice. In the past, I have worked on various STEM competitions , such as the
Rube Goldberg competition (my team won second place), as well as compute r

programming projects. That is a little bit about my life.

JORDAN, AGE: 11
I am in 6th grade. I love to explore my family history, as well as the sea life around
me, including turtles, seals, and star�sh. My favorite game to pla y with my family is
King Rummy. My favorite thing to do to pass the time is to draw. I go to a rt classes
and love to draw and do di�erent kinds of art. I also like to ride my bike with my sister
Molly and my Papa. When I am older, I want to be a imagineer or animator a t Disney
because I love Disney and art. I also want to be a part-time photogra pher and artist.
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