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(D Writing out the same word again and again in *cursive may bring back bad memories
for some, but handwriting can boost connectivity across brain regions, some of which are

implicated in learning and memory, a new study shows.

(2) When asked to handwrite words, college students showed increased connectivity across
the brain, particularly in brain waves associated with memory formation, compared
a A)( ) when they typed those words instead, researchers reported on January
26 in Frontiers in Psychology. The finding adds to growing evidence of handwriting’s

benefits and could give *fodder to laws that implement handwriting curricula, such as the

recently enacted California law requiring the teaching of cursive in grades 1 through 6.

3 The new study shows that “there is a fundamental difference in brain organization for
handwriting ( ) opposed to typing,” says Ramesh Balasubramaniam, a

neuroscientist at the University of California, Merced, who was not involved with the

study.

@ Plenty of previous research has shown that handwriting improves spelling accuracy,
memory recall and conceptual understanding. Scientists think that the slow process of

tracing out letters and words gives individuals more time to process the material and learn.

(® In the new study, psychologists Audrey van der Meer and Ruud van der Weel, both at
the Norwegian University of Science and Technology in Trondheim, recruited students
from the university and stuck *electrodes on their heads. The researchers asked the
students to type out or handwrite in cursive with a digital pen a word that appeared on a
computer screen. Sensors in a cap recorded electrical brain activity whil%)participants

carried out each task.

(® Then the scientists looked for *coherence, which is when two brain areas are active

with the same frequency of electrical waves at the same time.
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(M With handwriting, the researchers saw increased activity, specifically ( )
low frequency bands called alpha and theta, not only in the expected motor areas due to
the movement but also in others associated with learning. These low frequency bands
have previously been shown to support memory processes. When the team compared
the two tasks, they realized that handwriting—but not typing—increased the connectivity

across “parietal brain regions, which are involved in sensory and motor processing, and

central ones, many of which are involved in memory.
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“Even when the movements are very similar, the activation seems much, much higher
in handwriting,” Balasubramaniam says. “It shows that there’'s more involvement of these

brain regions when you're handwriting, which might give you some specific advantages.”

(9 The researchers posit that this boost of stimulation facilitates learning because these

particular waves between these areas are implicated in memory formation and encoding.

Because the team did not test whether participants remembered the words, it’s not yet
clear how exactly the increased activity impacts learning, says psychologist Kathleen
Arnold of Radford University in Virginia. “The study warrants some follow-
) to see what exactly is causing those connectivity differences and whether

(
(1-D)
or not they reflect learning outcomes.”

@D Balasubramaniam also notes that it's possible the differences in brain activation are

merely due " >( ) the unique movement required to type or write. “But that
_E —_—

said, we've got to start somewhere, and these are the first results to actually show that

these two things have different brain activation patterns.”

@ And although handwriting may help with learning processes, typing is often easier,
faster and more practical. Students and teachers alike should therefore consider the task
at hand to inform their decision to handwrite or type, van der Meer says. For example,
using handwriting to take notes might help retain information better while typing out an

essay may be easier.

@ Despite the need for more studies to determine the optimal learning strategy, experts



say that handwriting shouldn’t be left behind in the digital age. “Schools need to bring in

more writing into curriculum design,” Balasubramaniam says.

Van der Meer agrees. “Writing is so good for young brains, so we shouldn’t use this
generation as guinea pigs to see how their brains end up without any handwriting,” she
says. “Andit’'s important for them to be able to at least write a grocery list or a love letter.

I really think that that is important for us humans.”

[Adapted from “Handwriting may boost brain connections more than typing does” by Claudia Lopez

Lloreda, January 26, 2024,

https://www.sciencenews.org/article/handwriting-brain-connections-learning/]
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Handwriting is appropriate for ( 2-A ), typing is appropriate for ( 2-B ).
a. dictation b. drawing

c. note-taking d. writing a composition
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a. psychologists b. students c. electrodes

d. their heads e. researchers
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Researchers think that students have more time to learn the text when it is handwritten,

because it ( ) than typing it.
a. connects more patterns b. requires less effort
¢ . shows less movement d. takes more time
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a. across the brain b. among c. can reveal
d. different regions e. functional connectivity f. of
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a. a person types or writes b. brain activation ¢. distinct processes
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a. Handwriting is definitely associated with prolonged memory of the words.
b. Itis not the first time that advantages of handwriting are discussed.

c¢. Researchers should find out what happens if students only type.

d. Students should be prohibited from using computers to promote learning.
e . The benefit of typing and handwriting depends on the task.

f. Typing should be prioritized over handwriting in this digital age.
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[Adapted from “What Is Calculus? Definition and Practical Applications”, ThoughtCo.,

https://www.thoughtco.com/definition-of-calculus-2311607, January 21, 2020]

i : *disparate = i % % *variable = Z%{  “tangent line = ###
*rates of radioactive decay = M4HEHEESR  “hull of a ship = kI
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(3-1) Gottfried Leibniz and Isaac Newton worked together to develop calculus.
(3-2) Integral is used to find the area under the curve.
(3-3) Einstein made the foundations of calculus.
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In 1975 Mrs. Josephine Williams was looking forward to seeing her brother again. He
left Britain to live in America when she was a girl of twelve, so she was very pleased that
he was at last coming to England to visit her. The great day arrived, and she and her
family went to meet this long-lost brother at *Heathrow Airport. It turned out that they
took home a perfect stranger.

Happy and confused after all the free drinks on the plane, the traveler walked through

the airport ) into the arms of Mrs. Williams and her sisters.

(e
[Feab 2k M M-2A]
They covered him with kisses. “*Gee, this is great,” he said again and again. All this time
he never stopped holding Mrs. Williams in his arms. ‘Not like a brother, she said later.

He wasn’t so pleased when Mr. Williams ) his hand and took

(Rib 33k M-2B) e
him to a parked car.
They first began to think that something was wrong when their visitor tried to jump out
of the car while they were driving.
When he found out that they were taking him to the town of *Coventry to meet the

family, he said, “Take my money. Here itis. Take it. I want to get out.



Sitting unhappily next to Mr. Williams in the front, he went on. ‘“This is the first time I
have been to England and now these people have kidnapped me.
‘T thought from the beginning that he wasn't my brother,” Mrs. Williams said later. ‘But

my sisters didn't listen to me. I was very young when he left for America, so I couldn’t

remember him very well.
[Adapted from The Book of Heroic Failures, New Edition, Stephen Pile, Penguin Books, 1999]
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M-2A. (e )= a way out of a public room, building, etc.

M-2B. (s ) his hand = held someone else’s hand firmly and moved it up

and down to express your greetings, agreement or friendship



