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Visual search is the act of looking for—and hopefully finding—

YOUNG REVIEWERS: . . ,
OUNG : something that is important or that you need. You probably do this

ADITYA every day, like when you must find your backpack before heading off
Al to school. Sometimes you can find what you are looking for just by
PR using your eyes, but other times also you have to use your hands, like
AGE: 15 when you are looking for a pencil in a cluttered drawer. This is called
“interactive search” because it involves interacting with the search
ARJUN environment by moving things around with your hands. In our study,
AGE: 11 we investigated how to make people better interactive searchers by
THE asking them to find specific LEGO bricks in trays full of bricks. We
WELLSPRING found that people are actually better at this task when they direct
CHURCH their attention and actively search for targets, vs. when they use a
SUNDAY relaxed search strategy.
SCHOOL
AGES: 7-15
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VISUAL SEARCH

The act of looking for
something that may be
hidden or lost among
other items.

INTERACTIVE
SEARCH

A type of visual search
in which the observer
uses their hands (or
some other tool) to
interact with the search
environment, through
moving items around
or rearranging the
space.
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WHAT IS VISUAL SEARCH?

Have you ever lost something you needed and then had a difficult time
trying to find it? Maybe you needed your backpack for school, but it
was hidden somewhere in your room under a pile of clothes and toys.
The act of looking for something you need (or something important)
is called visual search. And some people actually search for things
for a living! Not your backpack, of course. But important things like
weapons or medical problems.

Many professional visual search tasks involve looking for things
on computer screens or other two-dimensional (2D) displays. For
instance, airport security screeners look at x-rays on computer screens
to find prohibited items in travelers’ luggage, and doctors routinely
scan through medical images to make sure their patients are okay.
When scientists study the process of visual search, they also usually use
2D displays, and this makes sense because if they want to understand
how to make people better at visual search professions, it is important
to create laboratory experiments that are similar to the kinds of tasks
that medical and security screeners routinely perform.

But the real world around us is three-dimensional (3D), and it can be
cluttered or even downright messy! That means that the items we
might be looking for may not be immediately visible—they might be
partially or completely blocked by other objects. What do we do in
those scenarios? We often use our hands to move things out of the
way, or to rearrange a space to make things easier to find.

Imagine walking around your home and trying to find various things.
Some will be easy to spot using only your eyes. In Figures 1A,B, for
instance, try to find the T-rex LEGO set or a sleepy dog. If you need
to find something on a shelf or figure out where your lazy pooch
decided to take a nap, you probably do not need to use your hands.
But imagine that you must dig a pencil out of a messy drawer or
spot a particular LEGO piece hidden among many others (Figures
1C,D). In these scenarios, you might be able to search using only your
eyes, but it would be much more efficient to conduct an interactive
search—that is, a search using your eyes and your hands. Surely,
finding your pencil is easier if you can feel for the wood of the pencil
and move other items around and out of the way as you go.

Although some professional visual searchers typically look at 2D
screens, many of them do conduct interactive searches. For instance,
police investigators may have to uncover objects at the scene of a
crime while they look for evidence; search-and-rescue responders
may brush aside plant matter while looking for the footprints of
a missing hiker; and a concert security guard may rifle through
an audience member's bag to make sure they are not bringing in
something that they should not. These are important professions too,
so if we want to understand 3D searches better and figure out ways to
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Figure 1

(A,B) Some visual
search tasks can be
completed using vision
alone, while some (C,D)
also require use of the
hands. Finding a
specific book or your
napping dog usually do
not require you to
interact with the
environments you are
searching through, but
finding an item in a
cluttered desk drawer
or finding a specific
LEGO piece can be
much easier if you use
your hands to
manipulate the items
that are in the way.

TARGETS

The item you are
looking for in a visual
search.

DISTRACTORS

The non-target items
that may be present
during a visual search.
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Figure 1

improve these people’s job performance, we must create laboratory
tasks that mimic interactive searches.

CREATING AN INTERACTIVE 3D SEARCH TASK IN THE
LABORATORY

Unfortunately, scientists spend a lot of time studying 2D search, but
they do not spend much time studying 3D search. So, to study
interactive search, we had to design our own task for participants in
our laboratory—one that was similar to 3D interactive searches in the
real world. We needed to make sure that everyone did the task under
the same conditions, so that we could take careful measurements of
their performance. We needed a task in which there would be some
targets (things that the participant was told to find) and lots and lots
of distractors (other items that are not the target). For instance, if you
are searching for a pencil in your desk, the pencil is the target and
everything else in the drawer is a distractor. We also needed a task
in which the objects could overlap, and the participants had to have
the ability to move items around to get distractors out of the way
when they needed to. Because we are all fans of building with LEGO
bricks, we thought that having people search for LEGO targets among
other distractor bricks would be a perfect way to mimic real-world
interactive searches (Figure 2). We also knew that we could design
a task like this very carefully and observe participants’ performance
very precisely.

First, we explained the task to the participant and told them that they
would be searching through trays of LEGO bricks, and that they were
allowed to use their hands to help them search. We then took a set of
150 bricks and randomly scattered them on a large white tray; while
we did this, there was a screen in front of the tray to make sure that
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Figure 2

Conducting a LEGO
brick search. First,
bricks are scattered in a
tray that is hidden
behind a big white
screen that prevents
the participant from
getting a head start.
Second, the participant
memorizes the target
piece. Third, the
participant searches
the tray for all targets
and deposits each one
into a bin.
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Bricks are scattered while
hidden from view.

Participant memorizes
the kind of bricks to find.

The tray is searched for Each target is deposited
all possible targets. in the bin.

Figure 2

the participant did not peek and get a head start! Next, the participant
was handed a sample target brick (sometimes a small brick and other
times a large one), and was told that their task was to find as many
of those bricks as they could. When they had memorized the target
and were ready to begin, we removed the screen and started a timer.
Every time the participant found one of the bricks, they deposited itina
little bin (so that we could keep track) and the computer recorded how
quickly the item was found. The participant searched and moved items
around on the tray until they thought they had found all the targets, in
which case they shouted “| am done!” and the search was over. Each
participant did this several times over the course of an hour, searching
for different targets on each new tray.

ACTIVE VS. PASSIVE SEARCH STRATEGIES

We not only wanted to study how people conduct interactive
searches, but also to explore whether we could make people better
at this task. So, we asked some of our participants to try controlling
their attention while they performed their searches. For one group (the
uninstructed searchers), we did not give them any specific instructions,
we just let them search however they wanted to. For the second group
(the active searchers), we told participants to try hard to direct their
attention and to actively search for the targets. You can think of this
as an effortful way of searching, in which you are constantly trying
to direct your eyes to where the target might be. For the third group
(the passive searchers), we told them to try to let the targets “pop into
mind” instead of actively seeking them out. You can think of this as a
more relaxed way of searching, in which you are just casually letting
your eyes move around the tray. In our previous work [1], we gave
people the same sorts of instructions before they performed a search
on a 2D computer screen (looking for pictures of things), and we found
that a relaxed, passive approach to controlling attention actually made
people better searchers. But we wondered if that strategy also worked
with 3D interactive search!
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Figure 3

(A) Large targets were
found more quickly
than small ones. (B) An
active attention
strategy helped people
find targets faster than
a passive strategy or no
instructions at all.
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WHAT DID WE FIND?

In this study [2], we found exactly the opposite of what we found using
computer screen searches! (Figure 3). We measured performance
by recording the time it took participants to find each target. Not
surprisingly, participants found the larger targets more quickly than
the smaller ones. But, more importantly, we found that participants
using an active attention strategy were faster than participants using
a passive strategy. So, taking a relaxed approach to searching might
help you search on a 2D screen, but our findings show that it is
less useful when you are conducting a 3D interactive search with
your hands.

More time needed;
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4.0

9 W &
o i o

1=
in

o in <

o
Time to Find Each Piece (seconds)

Time to Find Each Piece (seconds)
=3

=
o

Active Uninstructed Passive
B Strategy Condition

Target Size

>

Less time needed;

faster!

Figure 3

It might seem to you that an active strategy would be the "default
mode” of searching; that s, the way you would search even if you were
not given instructions about how to do it. But our findings suggest that
trying to control your attention in an active way makes you a better
interactive searcher—participants in the active condition found their
targets faster than the uninstructed searchers, too!

CONCLUSION

What can we conclude from this study? It is important to remember
that this was only one experiment, so it does not mean that using
an active strategy is always the best way to conduct 3D interactive
search. But our work is a good start toward better understanding
interactive search through careful laboratory experiments. When the
search environment is cluttered and the items look a lot alike, and
when the searcher can use their hands to move things around, it seems
that an active attention strategy is beneficial. This might be useful to
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try out the next time you do a jigsaw puzzle, for example, and need to
find just the right piece amongst all the other pieces!

Future work will be needed to create tasks that are even more
similar to the professional scenarios that we are interested in, and to
examine how controlling your attention can make you better at finding
important search targets. Although our lab task was more realistic than
searching for things on a computer screen, it still differs in many ways
from the sorts of interactive search tasks that professionals like security
guards, police officers, or forensic experts use in their daily activities.
So, future experiments must be devised to more closely match the
characteristics of those tasks, and to explore search performance in
increasingly realistic scenarios. That will be the best way to understand
whether using an active strategy or a passive one is the optimal way to
find a search target. For now, just remember that an active strategy
might be useful the next time you have to find that one missing
LEGO brick!
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YOUNG REVIEWERS

ADITYA, AGE: 15

| love science as my favorite subject! | have been learning cybersecurity, violin,
taekwondo, and many more! | want to be a doctor someday and recently started
loving biology class.

ALYSSA, AGE: 15

| love math and science, but also love fashion. | am a girl who loves pink but also
astrophysics. My hero is Nancy Grace Romanis, who was the first woman to earn an
executive position at NASA. | hope to also work for NASA 1 day.

ARJUN, AGE: 11

Hi, my name is Arjun and | live in the United States of America. | am 11 years old
and in 6th grade. | enjoy playing violin and tennis. | love the Rubik’s cube and speed
cubing is one of my hobbies. In my spare time | read books—I| especially love the
Harry Potter series. | practice Taekwondo and am a Black Belt. Math and Science are
my favorite subjects.

THE WELLSPRING CHURCH SUNDAY SCHOOL, AGES: 7-15

We are kids, ages 7-15, who live in beautiful Southern Louisiana; we love playing
outdoors and spending time with our Church family and friends. We love learning
about all of God's creatures at Sunday school. We spend our weekends socializing
and helping our community. We had so much fun learning about the brain and how
science is done during the Brain Awareness Week event in April 2022. Some of us
are excited to learn more and want to become scientists when we grow up!
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