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Have you ever tried to remember a word in a foreign language? What

strategy did you use? In several studies, we examined the beneficial
ETHAN effects of viewing pictures and performing gestures while learning
AGE: 10 foreign language words. Both pictures and gestures helped primary
school kids and adults to better remember the meanings of foreign
language words compared to learning by just listening. For kids,
pictures and gestures were equally helpful. For adults, gestures were
more helpful than pictures. Both visual and motor brain areas helped
with learning the foreign language words. Our studies suggest that
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VOCABULARY

The set of words used
in a language.

NATIVE LANGUAGE
(L1)

A language that a
person has been
exposed to and started
learning from birth.
FOREIGN
LANGUAGE (L2)

A language spoken

mostly by people in
another area of the

world than the speaker.

ENRICHMENT

The presence of
additional,
complementary
information during
learning that helps to
illustrate the meaning
of a foreign

language word.

HYPOTHESES

Assumptions that can
be tested by carrying
out scientific
experiments.
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learning foreign language words with pictures and gestures is helpful
for learners, because pictures and gestures allow both kids and adults
to experience the meanings of words through multiple senses.

HOW DO WE LEARN VOCABULARY IN A FOREIGN
LANGUAGE?

Languages are important because they allow us to communicate with
one another. People living on Earth today speak over 6,000 different
languages [1]. Each of those languages has tens of thousands of words,
or vocabulary, that refer to objects in the environment, people, places,
feelings, and thoughts. Since you are reading this article, which is
written in the English language, English may be your native language
(L1)—the language that you started to learn at birth. You may also
have learned English at school, from teachers or books, or by hearing
English words outside of school. If this is the case, then you probably
learned English as a foreign language (L2). One of the most important
steps for learning a new language is to learn the vocabulary of that
language. This takes a lot of time and practice.

To learn an L2 word, we must hear how the word is spoken or see
how it is written and learn the meaning of that word. Kids and adults
use many strategies to learn L2 words. They might, for example, listen
to audio recordings or study word lists. Recent research suggests that
such techniques are less effective than strategies that use enrichment
[2]. Enrichment refers to information presented during learning that
allows us to experience the meaning of a word through multiple
senses [3]. Instead of learning an L2 word by just listening to it, for
example, we could see a related picture while listening to it. This
happens when reading picture books and when learning vocabulary
with picture cards. Another enrichment strategy could be to perform
gestures that display the meaning of a word while listening to it. The
word airplane, for example, could be displayed by moving our arms
through the air as if they were wings.

Viewing pictures while listening to L2 words is a form of multisensory
enrichment, because this technique uses information from multiple
senses—seeing and hearing. Performing gestures while listening to L2
words is a form of sensorimotor enrichment, because this technique
not only uses information from the senses, but also body movements.
We tested which type of enrichment helped L2 learning the most [3, 4],
and how the brain supported the L2 learning [3, 5, 6]. Both adults and
kids were taught L2 vocabulary using three different methods: listening
to the vocabulary while viewing pictures (multisensory enrichment),
listening to the vocabulary while performing gestures (sensorimotor
enrichment), and just listening to the vocabulary (no enrichment). Our
hypothesis was that seeing pictures and performing gestures during
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Figure 1

Foreign language learning
procedure. Adults and
kids learned foreign
language words over 5
days. They learned the
foreign languages
words by performing
gestures (gesture
enrichment), by
viewing pictures
(picture enrichment), or
by just listening (no
enrichment). The adults
and kids completed
vocabulary tests 8 days,
2 months, and 6
months following
learning, in which they
were asked to translate
a list of the native
language words (native
language translation)
and a list of the foreign
language words
(foreign language
translation).
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Figure 1

learning would help kids and adults learn better than learning only
by listening.

DO PICTURES AND GESTURES HELP ADULTS LEARN
FOREIGN LANGUAGE WORDS?

We first tested our hypothesis in young adults [3]. Twenty-two adults
heard L2 words and their L1 translations during 5 days of training.
The adults were taught words that they had never heard before, such
as diwume and giketa. A complete list of the words that the adults
were taught can be found here. Some words were paired with pictures
(Figure 1). For example, when the adults heard the foreign word that
meant tent, they also saw a drawing of a tent. Other words were paired
with videos of an actress performing gestures. For example, a video of
an actress drinking from an imaginary bottle was paired with the word
that meant bottle. The adults performed the gesture along with the
actress. The rest of the words were learned only by listening to each
L2 word and its L1 translation.
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Figure 2

Translation test results.
(Top) Scores for young
adults (left) and kids
(right) on the
translation tests
completed 6 months
after the foreign

language learning [3, 4].

Gestures (green bars)
and pictures (purple
bars) helped both
young adults and kids
learn the translations of
the foreign language
words more than
non-enriched learning
(black bars). The lines
coming out of each bar
represent estimates of
how much variation
there was in the test
scores for all the young
adults or kids. (Bottom)
Scores for the
non-enriched words
were subtracted from
scores for the words
learned with
enrichment, to see the
enrichment benefit. For
adults, the enrichment
benefit for words
learned with gestures
was higher than the
enrichment benefit for
words learned with
pictures, meaning that
gestures were even
more helpful than
pictures.
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Vocabulary tests were completed 8 days, 2 months, and 6 months after
learning. In one of the tests, the adults received a list of all the L1 words
and wrote down their L2 translations. In another test, they received
a list of all the L2 words and wrote down their L1 translations. We
added up the test scores. We found that adults had higher test scores
for words learned with both pictures and gestures compared to no
enrichment, and that these benefits were still present after 6 months
[3]. We also found that pictures and gestures were equally helpful in
the short-term (at 8 days and 2 months after learning). However, over
the long-term (6 months after learning), learning with gestures was
even more helpful than learning with pictures (Figure 2).

WHAT ABOUT KIDS?

We next tested whether gesture enrichment would also help kids
[4]. Ninety-seven 8-years-old German school kids learned English L2
words over 5 days. They learned the words using pictures, gestures,
or no enrichment (Figure 1). The kids were taught English words that
they had never seen or heard before in their English courses. The kids
completed the same vocabulary tests as adults at 8 days, 2 months,
and 6 months after learning. The kids gave their answers by speaking
rather than writing.
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BIOLOGICAL
MOTION SUPERIOR
TEMPORAL SULCUS
(bmSTS)

A visual area of the
brain that responds

when people see
body movements.

MOTOR CORTEX

The part of the brain
that can initiate
movements by
controlling

the muscles.

LATERAL OCCIPITAL
COMPLEX (LOC)
A visual area of the
brain that responds

when people
see objects.

TRANSCRANIAL
MAGNETIC
STIMULATION (TMS)
A neuroscience
method in which the

brain is affected by
small magnetic signals.
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We found that kids had higher test scores for words learned with both
pictures and gestures compared to no enrichment at 8 days, 2 months,
and 6 months after learning. Like the adults, pictures and gestures
were equally helpful in the short-term (8 days and 2 months after
the start of learning). However, unlike the adults, the kids’ test scores
following gesture- and picture-enriched learning were equivalent 6
months after learning (Figure 2). This result suggests that gestures and
pictures were equally helpful for kids’ L2 learning. The kids' scores were
lower overall. This could be because the kids received less training than
the adults.

WHAT BRAIN AREAS ARE INVOLVED IN LEARNING FOREIGN
WORDS?

Our next step was to try to understand how multisensory and
sensorimotor enrichment helped L2 vocabulary learning. To help
answer this question, we turned to the brain. We know that seeing
other people move can produce responses in a brain area called
the biological motion superior temporal sulcus (bmSTS) [7], and
that performing movements can produce responses in a brain area
called the motor cortex [8]. We hypothesized that the bmSTS and
the motor cortex would respond more when kids and adults heard
gesture-enriched L2 words compared to picture-enriched L2 words.
We made a similar prediction for the L2 words learned using pictures:
we predicted that a visual brain region called the lateral occipital
complex (LOC) would respond more when kids and adults heard
picture-enriched L2 words compared to non-enriched L2 words.

So far, we have tested these hypotheses in adults [3]. To see which
areas of their brains were active, 22 adults completed a brain scan after
5 days of L2 vocabulary learning. More information on how a brain
scan measures brain activity can be found in this Young Minds Article
[9]. We examined responses within the bmSTS, motor cortex, and
LOC while the adults heard and translated the L2 words (Figure 3).
We found that responses in the LOC told us if a word was learned
with pictures, and responses in the bmSTS and motor cortex told
us if a word was learned with gestures. These results tell us that
specific brain responses are linked to the helpful effects of picture and
gesture enrichment.

In scientific research, one method is usually hot enough to prove that
a conclusion is correct or not. The reason for this is that all methods
have specific strengths and weaknesses. We therefore also examined
whether the bmSTS and the motor cortex caused the benefits of L2
enrichment using a method called transcranial magnetic stimulation
(TMS) [5, 6]. During TMS, small magnetic signals can affect brain
activity and cause changes in behavior. We found using TMS that the
bmSTS and the motor cortex helped adults to translate words learned
with gestures.
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Figure 3

Brain imaging results.
The two images on the
left show the surface of
the left side of the
brain, and the two
images on the right
show two views of the
inside of the brain.
Areas of the brain that
are known to process
visual motion
information (the
bmSTS), motor
information (the motor
cortex), and visual
object information (the
LOC) are shown in
blue. Areas of the brain
that were seen by brain
imaging to participate
in the translation of
foreign language words
after learning
enrichment with
gestures or pictures,
are shown in light
green [3].
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WHAT DO OUR FINDINGS MEAN?

Learning enrichment, with both pictures and gestures, helped kids and
adults learn foreign language vocabulary. However, adults benefitted
most from gesture enrichment, while kids benefitted equally from
picture and gesture enrichment. This means that the types of
enrichment that work for adults might not necessarily work for kids.
In our studies, kids and adults received different amounts of training;
future studies may investigate how different amounts of training may
improve enrichment effects. We also found that the brain uses its
visual and motor areas for remembering the translations of enriched
L2 words. This means that enrichment teaching strategies may work
because a network of visual and motor brain regions contributes to
enhanced learning outcomes. In sum, enrichment benefits L2 learning
because it allows us to experience the meanings of words with our
Oown senses.
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My hobbies include Legos, playing card games, learning magic tricks, and watching
the Office on Netflix.

JAIDEN, AGE: 13

| have been interested in science since age 7. My favorite journal to read is
Scientific American. My academic interests include chemistry, economics, and
entrepreneurship. My hobbies include equestrian show jumping, playing board and
card games, puzzles and riddles.
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