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When we interact with others, the context in which our actions take place

FEVIEWED B plays a major role in our behavior. This means that our understanding of

DARIUS objects, words, emotions, and social cues may differ depending on where

AGE: 13 we encounter them. Here, we explain how context affects daily mental
processes, ranging from how people see things to how they behave with

BHARGAVI RAM . .

AE: 17 others. Then, we present the social context network model. This model

explains how people process contextual cues when they interact, through
the activity of the frontal, temporal, and insular brain regions. Next, we show
that when those brain areas are affected by some diseases, patients find it
hard to process contextual cues. Finally, we describe new ways to explore
social behavior through brain recordings in daily situations.

INTRODUCTION

Everything you do is influenced by the situation in which you do it. The
situation that surrounds an action is called its context. In fact, analyzing
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Contextual affects how
you see things. A,B. The
visual context affects
how you see shapes.

C. Context also plays

an important role in object
recognition. Context-
related objects are easier
to recognize. “THE CAT”
is a good example of
contextual effects in letter
recognition (reproduced
with permission from
Chun [2]). D,E. Context
also affects how you
recognize an emaotion [by
Hanson K. Joseph (Own
work), CC BY-SA 4.0
(http://creativecommons.
org/licenses/by-sa/4.0),
via Wikimedia Commons].
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context is crucial for social interaction and even, in some cases, for sur-
vival. Imagine you see a man in fear: your reaction depends on his facial
expression (e.g., raised eyebrows, wide-open eyes) and also on the context
of the situation. The context can be external (is there something frightening
around?) or internal (am I calm or am I also scared?). Such contextual cues
are crucial to your understanding of any situation.

Context shapes all processes in your brain, from visual perception to social
interactions [1]. Your mind is never isolated from the world around you.
The specific meaning of an object, word, emotion, or social event depends
on context (Figure 1). Context may be evident or subtle, real or imagined,
conscious or unconscious. Simple optical illusions demonstrate the impor-
tance of context (Figures 1A,B). In the Ebbinghaus illusion (Figure 1A),
rings of circles surround two central circles. The central circles are the
same size, but one appears to be smaller than the other. This is so because
the surrounding circles provide a context. This context affects your percep-
tion of the size of the central circles. Quite interesting, right? Likewise, in
the Cafe Wall Illusion (Figure 1B), context affects your perception of the
lines’ orientation. The lines are parallel, but you see them as convergent or
divergent. You can try focusing on the middle line of the figure and check
it with a ruler. Contextual cues also help you recognize objects in a scene
[2]. For instance, it can be easier to recognize letters when they are in the
context of a word. Thus, you can see the same array of lines as either an H
or an A (Figure 1C). Certainly, you did not read that phrase as “TAE CHT?,
correct? Lastly, contextual cues are also important for social interaction. For
instance, visual scenes, voices, bodies, other faces, and words shape how
you perceive emotions in a face [3]. If you see Figure 1D in isolation, the
woman may look furious. But look again, this time at Figure 1E. Here you
see an ecstatic Serena Williams after she secured the top tennis ranking.
This shows that recognizing emotions depends on additional information
that is not present in the face itself.

Context influences how
you recognize objects

Context influences how
you see shapes

Context influences how you
recognize an emotion

" e s
@ Cc D
Qe -
The blue circles are identical,
but the second one looks larger ‘ l \ |
i The middle letters are identical, . i
Each line has perfect rectangles, % J This face, alone, However, when seen in context,
but the middle line seems but the surrounding letters seems to it clearly conveys euphoria
to become narrow ke you'ﬁszgrﬂ:,e e convey anger o triumph
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The ability to feel what
another person is feeling,
that is, to “place yourself
in that person’s shoes.”

The parts of the brain that
work together, in the
social context network
model. This model
proposes that social
contextual cues are
processed by a network
of specific brain regions.
This network is made up
of frontal (light blue),
temporal (orange), and
insular (green) brain
regions and the
connections between
these regions.
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Contextual cues also help you make sense of other situations. What is appro-
priate in one place may not be appropriate in another. Making jokes is OK
when studying with your friends, but not OK during the actual exam. Also,
context affects how you feel when you see something happening to another
person. Picture someone being beaten on the street. If the person being beaten
is your best friend, would you react in the same way as if he were a stranger?
The reason why you probably answered “no” is that your empathy may be
influenced by context. Context will determine whether you jump in to help
or run away in fear. In sum, social situations are shaped by contextual factors
that affect how you feel and act.

Contextual cues are important for interpreting social situations. Yet, they
have been largely ignored in the world of science. To fill this gap, our group pro-
posed the social context network model [1]. This model describes a brain
network that integrates contextual information during social processes.
This brain network combines the activity of several different areas of the
brain, namely frontal, temporal, and insular brain areas (Figure 2). It is true
that many other brain areas are involved in processing contextual information.
For instance, the context of an object that you can see affects processes
in the vision areas of your brain [4]. However, the network proposed by
our model includes the main areas involved in social context processing.
Even contextual visual recognition involves activity of temporal and frontal
regions included in our model [5].

To interpret context in social settings, your brain relies on a network of brain
regions, including the frontal, temporal, and insular regions. Figure 2 shows
the frontal regions in light blue. These regions help you update contextual
information when you focus on something (say, the traffic light as you are

Frontal lobes:
- Adjusting what you think, feel, and
/ do depending on what is going on.

in your surroundings.
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walking down the street). That information helps you anticipate what might
happen next, based on your previous experiences. If there is a change in
what you are seeing (as you keep walking down the street, a mean-looking
Doberman appears), the frontal regions will activate and update predic-
tions (“this may be dangerous!”). These predictions will be influenced by the
context (“oh, the dog is on a leash”) and your previous experience (“yeah,
but once I was attacked by a dog and it was very bad!”). If a person’s frontal
regions are damaged, he/she will find it difficult to recognize the influence
of context. Thus, the Doberman may not be perceived as a threat, even if this
person has been attacked by other dogs before! The main role of the frontal
regions is to predict the meaning of actions by analyzing the contextual
events that surround the actions.

Figure 2 shows the insular regions, also called the insula, in green. The
insula combines signals from within and outside your body. The insula
receives signals about what is going on in your guts, heart, and lungs. It
also supports your ability to experience emotions. Even the butterflies you
sometimes feel in your stomach depend on brain activity! This informa-
tion is combined with contextual cues from outside your body. So, when
you see that the Doberman breaks loose from its owner, you can perceive
that your heart begins to beat faster (an internal body signal). Then, your
brain combines the external contextual cues (“the Doberman is loose!”)
with your body signals, leading you to feel fear. Patients with damage to
their insular regions are not so good at tracking their inner body signals
and combining them with their emotions. The insula is critical for giving
emotional value to an event.

Lastly, Figure 2 shows the temporal regions marked with orange. The tem-
poral regions associate the object or person you are focusing on with the
context. Memory plays a major role here. For instance, when the Doberman
breaks loose, you look at his owner and realize that it is the kind man you
met last week at the pet shop. Also, the temporal regions link contextual
information with information from the frontal and insular regions. This sys-
tem supports your knowledge that Dobermans can attack people, prompting
you to seek protection.

To summarize, combining what you experience with the social context
relies on a brain network that includes the frontal, insular, and temporal
regions. Thanks to this network, we can interpret all sorts of social events.
The frontal areas adjust and update what you think, feel, and do depending
on present and past happenings. These areas also predict possible events in
your surroundings. The insula combines signals from within and outside
your body to produce a specific feeling. The temporal regions associate
objects and persons with the current situation. So, all the parts of the social
context network model work together to combine contextual information
when you are in social settings.
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A general term for a group
of complex disorders of
brain development.

These disorders are
characterized by repetitive
behaviors, as well as
different levels of difficulty
with social interaction and
both verbal and non-
verbal communications.

A brain disease
characterized by
progressive changes in
personality and loss of
empathy. Patients
experience difficulty in
regulating their behavior,
and this often results in
socially inappropriate
actions. Patients typically
start to show symptoms
around age 60.
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Our model helps to explain findings from patients with brain damage.
These patients have difficulties processing contextual cues. For instance,
people with autism find it hard to make eye contact and interact with
others. They may show repetitive behaviors (e.g., constantly lining up toy
cars) or excessive interest in a topic. They may also behave inappropriately
and have trouble adjusting to school, home, or work. People with autism
may fail to recognize emotions in others’ faces. Their empathy may also
be reduced. One of our studies [6] showed that these problems are linked
to a decreased ability to process contextual information. Persons with
autism and healthy subjects performed tasks involving different social
skills. Autistic people did poorly in tasks that relied on contextual cues—
for instance, detecting a person’s emotion based on his gestures or voice tone.
But, autistic people did well in tasks that didn’t require analyzing context,
for example tasks that could be completed by following very general rules
(for example, “never touch a stranger on the street”). Thus, the social
problems that we often see in autistic people might result from difficulty
in processing contextual cues.

Another disease that may result from problems processing contextual
information is called behavioral variant frontotemporal dementia.
Patients with this disease exhibit changes in personality and in the way
they interact with others, after about age 60. They may do improper
things in public. Like people with autism, they may not show empathy
or may not recognize emotions easily. Also, they find it hard to deal
with the details of context needed to understand social events. All these
changes may reflect general problems processing social context infor-
mation. These problems may be caused by damage to the brain network
described above.

Our model can also explain patients with damage to the frontal lobes or
those who have conditions such as schizophrenia or bipolar disorder [7].
Schizophrenia is a mental disorder characterized by atypical social cogni-
tion and inability to distinguish between real and imagined world (as in the
case of hallucinations). Similar but milder problems appear in patients with
bipolar disorder, which is another psychiatric condition mainly characterized
by oscillating periods of depression and periods of elevated mood (called
hypomania or mania).

In sum, the problems with social behavior seen in many diseases are probably
linked to poor context processing after damage to certain brain areas, as
proposed by our model (Figure 2). Future research should explore how
correct this model is, adding more data about the processes and regions
it describes.
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A novel technique to
measure brain activity
simultaneously from two
people.

New techniques to study
processing of contextual
cues. A. A mother and her
infant look at each others’
facial expression while
their brain activity is
recorded (reproduced with
permission from Masayuki
et al. [8]). B. Hyperscanning
of people interacting with
each other during a game
of Jenga (reproduced with
permission from Liu et al.
[9]). C. A new method of
studying brain activity,
called mobile brain/body
imaging (MoBl) (reproduced
with permission from
Makeig et al. [10]).

D. Virtual reality
simulations of a virtual
train at the station and a
virtual train carriage
(reproduced with
permission from Freeman
etal. [11]).
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The results mentioned above are important for scientists and doctors.
However, they have a great limitation. They do not reflect how people
behave in daily life! Most of the research findings came from tasks in a
laboratory, in which a person responded to pictures or videos. These tasks
do not really represent how we act every day in our lives. Social life is
much more complicated than sitting at a desk and pressing buttons when
you see images on a computer, right? Research based on such tasks doesn’t
reflect real social situations. In daily life, people interact in contexts that
constantly change.

Fortunately, new methods allow scientists to assess real-life interactions.
Hyperscanning is one of these methods. Hyperscanning allows measure-
ment of the brain activity of two or more people while they perform activities
together. For example, each subject can lie inside a separate scanner (a large
tube containing powerful magnets). This scanner can detect changes in blood
flow in the brain while the two people interact. This approach is used, for
example, to study the brains of a mother and her child while they are looking
at each other’s faces (Figure 3A).

Hyperscanning can also be done using electroencephalogram equipment.
Electroencephalography measures the electrical activity of the brain. Special
sensors called electrodes are attached to the head. They are hooked by wires
to a computer which records the brain’s electrical activity. Figure 3B shows
an example of the use of electroencephalogram hyperscanning. This method
has been used to measure the brain activity in two individuals while they are
playing Jenga. Future research should apply this technique to study the pro-
cessing of social contextual cues.

Hyperscanning

Virtual Reality

A
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Computer technologies
that use software to
generate realistic images,
sounds, and other
sensations that replicate a
real environment. This
technique uses
specialized display
screens or projectors to
simulate the user’s
physical presence in this
environment, enabling him
or her to interact with the
virtual space and any
objects depicted there.
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One limitation of hyperscanning is that it typically requires participants to
remain still. However, real-life interactions involve many bodily actions.
Fortunately, a new method called mobile brain/body imaging (MoBI,
Figure 3C) allows the measurement of brain activity and bodily actions
while people interact in natural settings.

Another interesting approach is to use virtual reality. This technique involves
fake situations. However, it puts people in different situations that require
social interaction. This is closer to real life than the tasks used in most labora-
tories. As an example, consider Figure 3D. This shows a virtual reality experi-
ment in which participants traveled through an underground tube station
in London. Our understanding of the way context impacts social behavior
could be expanded in future virtual reality studies.

In sum, future research should use new methods for measuring real-life
interactions. This type of research could be very important for doctors to
understand what happens to the processing of social context cues in various
brain injuries or diseases. These realistic tasks are more sensitive than most
of the laboratory tasks that are usually used for the assessment of patients
with brain disorders.
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I am 13 years old and in the eighth grade. In my free time | enjoy reading, backpacking, and
playing the trumpet and piano. | am passionate about the environment and community
service. | am very interested in public speaking and am on my school’s debate team. | enjoy
learning about science, particularly neuroscience, chemistry, biology, and physics.
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Bhargavi is our first Young Mind to move from valued young reviewer to a coauthor of a
paper. We are sure she won't be the last. | am 17 years old and am going to study
Neuroscience and Physiology at UC San Diego. | love to read, listen to music, watch
basketball (GO WARRIORS!), and | have a passion for Bharathanatyam—an ancient
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classical dance. From a young age, my ambition has been to become an accomplished
pediatric neurosurgeon, hence my interest in neuroscience and the brain. | also have a secret
ambition (not so secret | guess) of becoming a TV anchor too. Basically, | want to make a
lasting impact on the world.
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