











Abiochip © Argonne Laboratory

Biochip, a biological board
A semiconductor chip is a set of electronic
circuits on a small flat piece (or “chip’). Simi-
larly, a biochip is a set of organic molecules like
DNA and proteins on a chip. In clinical diag-
nosis, it takes a lot of time to detect gene muta-
tion that is related to cancer or AIDS. Using a
biochip, this process is easier and faster.
Research is also underway on biochips that
can perform new functions using the strengths
of organic molecules, such as the DNA’s data storage capability and
the molecular recognition function of enzymes. When biochip meets
bioinformatics, it can be used to collect bio data much quickly and

more conveniently.
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A lab-on-a-chip (LOC) is a device featuring several biosensors
on a chip. The most representative, initial form of LOC was the
pregnancy test. With a drop of urine, the LOC helped determine
pregnancy in a matter of minutes. This was quite innovative when
it was first developed. Today’s LOCs can instantly detect a disease
with a drop of blood. They can also analyze several samples at
the same time and they are so portable that they were likened to
MacGyver’s knife by the scientific journal Nature.
LOCs are also used to diagnose viruses. The timely confirmation
of viruses like the Ebola and MERS—both of which are worldwide
epidemics—it is vital in order -to prevent their spread. The Bio-
Nano Health Guard Research Center of
the Ministry of Science, ICT and Future
Planning is developing an LOC that can
catch and filter out airborne viruses,
and easily determine their types without
complex analysis.
A pregnancy diagnostic device that was able to check

pregnancy immediately with a drop of urine was a
typical device using early lab-on-a-chip technology.



Heart, liver, and lungs on a chip
The development of organ-on-a-chip
(OC), a device that is one step more
advanced than LOC, is on-going at
a faster pace. OC is a cell culture
chip that simulates the functions of
organs. For example, the lung-on-a-
chip is a three-dimensional model of
a human lung made with human lung
and blood vessel cells. The lung cells
repeat contraction and expansion as
if breathing, while the blood vessel
cells transport oxygen and nutrients.
The OC technology has received much attention from the
pharmaceutical sector. The development of new drugs requires
testing on animals or humans to predict toxicity and safety,
and this entails considerable investment and time. Particularly,
animal testing has long been a headache for the medical sector.
Opposition to animal testing continues to grow in the U.S., Europe,
and other parts of the world, and regulations against animal testing
have been strengthened. Against this backdrop, OC can not
only reduce the need for animals in drug testing but also save on
time and money. It also allows for unlimited repetitive tests under
different conditions.

Of course, it will take time before OC becomes widely available.
Because they deal with live cells, there are many technical issues
to be resolved. Currently, the human-on-a-chip project is also on-
going to replicate the essential functions of the human body’s major
organs in a single plastic chip.

An organ-on-a-chip © Wyss Institute

Organ-on-a-chip
technology may be a
substitute for animal
testing, which has
become a major ethical
issue.
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Find a DNA

Bioinformatics is a field that collects and analyzes huge volumes of biological data
using computers and software. The genetic code contained in a living organism’s
DNAis its very foundation. While human’s entire base sequence has been
analyzed, there is still a far way to go in terms of understanding their implications.
Make a program that helps easily find a nucleotide sequence and see how
essential software technologies have become in biology.

LEIRGYIEREIE] Computer or notebook with Scratch (version 2.0) installed

Activity
n Activity mission

Abase sequence is made up of four nucleotide bases — A, G, T, C. First generate
a DNA strand with a random sequence. Then, make a Scratch program

that finds a DNA strand containing a certain sequence when inputting three
sequences ([][1[]1)-

Mission

Develop a project concept

Describe in what order you want to create your program.
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Create a program

@ To add a backdrop, click ‘Upload backdrop file,’ choose a new backdrop,
and click OK.

@ To add a ‘Pico’ sprite, go to ‘New sprites,” select ‘Sprite Library’ and select
‘Pico’ sprite.

@ Create a DNA location, DNA extraction, DNA search variables, and DNA
list.

Make a Variable
mll DNA location
-

Extract a DNA

gl Find a DNA

set Extracta DNA  to [

change Extracta DNA by n Make a List

.
show variable Extracta DNA

add to DNA

hide wvariable Extracta DNA

@ To randomly extract a DNA list, set random numbers from 1 to 100 as DNA extraction variables.

set Extract a DNA to pick random o to

®AddA, G, T, C to the DNA list so that they can be added based on generated
random number values.

delete m of DNA
show list DNA

set ExtractaDNA  to
repeat
set Extract aDNA  to pick random €9 to
\

if Extracta DNA < then

add [§ to DnA

ExtraccaDNA > EE and ExtraccaDNA < [B0  then

add [ to pna

ExtractaDNA > @l and ExtractaDNA < EEl then

add il to DNA

Extract a DNA > Jfi then

add f¢] to DNA

EPll Do you want to find a DNA? Click herdR Tl 2 oo
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® Click the Pico sprite to enter the DNA value you want to find. Save it in the
answer.

when this sprite clicked

=11 "8l Enter three DNAs you want to find and wait

set Find a DNA to answer

set DNA location to n

@ Click the Pico sprite to find the DNA. Enter three DNAs you want to find and
compare the ‘answer’ entered in the ‘Find DNA’ and that on the ‘DNA' list to
find the location of the DNAs on the list. If the DNA is found, it will say that the
DNA s found and tell its location on the list. Then the script stops. Assemble
the block so that it says ‘DNAis not found’ when the DNA location is not
found.

when this sprite dicked

F1:1 "4l Enter three DNAs you want to find Be1 i 118

set Find a DNA te answer

set DNA location to m

repeat length of DNA -®

if letter o of Find a DNA = item | DNA location of DNA then
letter e of FindaDNA = item DNA location + o of DNA
letter 9 of FindaDNA = item DNA location + o of DNA

say join Find a DNA for @ secs

13

say join DNA location for @) secs

»
stop this script

»

change DNA location by €

say join Find a DNA for @ secs




Run the program for a random listing of DNA. Enter the DNA value you want
to find and see if it is found. Make corrections if there is an error.

© Program screenshot
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Change the program so that one of the following conditions are met:

® A hundred or more bases are randomly extracted.

@ Sequences of DNA are associated with specific hair, eye, and skin
colors, so traits change according to different input values.

E Activity wrap-up

Briefly explain how you felt about this activity.
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Career
Exploration
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Smart healthcare specialists

Smart healthcare combines healthcare with IT technology. Think about the role
of medical practitioners. They conduct various tests to diagnose a disease, and
administer prescriptions. If necessary, they perform surgical operations and attach
an artificial organ or tissue to replace failing human parts. Some roles performed
by doctors can be done by computers. Since medical practice deals with human
life, important decisions are made by doctors, but computers can assist them in
making the right decision. Smart healthcare is an emerging field with increased
opportunities for new jobs.

@ What do they do? )

= Develops various medical sensors to check a patient” health condition
= Develops the technology to remotely send a patients data to a doctor; security is key as
it involves personal medical data

= Develops artificial intelligence programs to analyze huge volumes of medical data for
disease diagnosis

= Produces medical devices such as robotic arms that can perform elaborate surgeries

= Creates artificial structures such as artificial organs and bones using 3D printing tech-
nology

O Smart healthcare-related occupations

Artificial organs Artificial organ research developer

Pharmaceuticals | New drug research developer, cytotherapy research developer

Medical sensor research developer, medical equipment research
Smart healthcare = developer, IT and security specialist, smart healthcare research
developer




' Related majors )

department of department department department
Medical school pharmaceutical of medical of precision of computer
sciences engineering, engineering engineering

This field is a fusion of medicine and IT, so one can major in one of the two areas first
and then expand his/her expertise in the other area. Information technology majors
are more suited for medical sensors, smart healthcare systems, and medical device
manufacturing. Medical students are more suited for new drug development, analysis of
medical big data, and artificial organs. Note that collaboration with specialists in other
areas is highly likely as these specialties cannot be done on one’s own.

N Required aptitude )

v

= Must have an interest in the human body, medicine and healthcare, and be eager to
learn new technologies

= Must have a research spirit, curiosity, creativity, logical reasoning, analytical skills, and
good judgment to resolve problems

= Must have good interpersonal skills and communication ability as this profession often
entails cooperation with other technicians or specialists

g Expert interview

| print circuits on wearable fabric and develop devices with built-in
semiconductors that can measure brainwave and oxygen saturation in real
time. The wearable healthcare device sector is emerging, so | have a lot of
pride in my research. Life in graduate school was more difficult than | had
expected. Sometimes, you have to stay up at night to finish your assignments,
and you rarely have any time for yourself. You need perseverance and
creativity to do research at the graduate level. You must not give up even if
you fail again and again, and you must be able to think differently from others.
When you apply for graduate school, you will find it very helpful to visit the
website of the Institute of Electrical and Electronics Engineers (IEEE) to
understand the working principles of electronic products and constantly read
scientific magazines.

Lee Yong-su / Graduated from the KAIST Electricity and Electronic Engineering and currently in a master’s program
at the KAIST Semiconductor System Lab
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Maker
Activity

Making a robotic arm model
designed for
medical treatment

Written by
Chang-min Choi (Dongpae Middle school teacher)

ﬁ Product overview
® Product function

A robotic arm with degree of freedom showing what a medical robot looks like

= How it works

Make a robotic arm with links using given design plan and foam board.
The arm can move things using the given degree of freedom.

= Product picture

= Product structure

Tongs frame Power transmission Control segment



ﬁ Production overview

= Production time : About 6 hours

= Needed materials and tools

Bolt, nut, washer,

Robot arm plan Foam board Tools
clamp
Print in actual size . 3x10, 3x15, 3x20 Glue gun, gimlet, knife,
. 5mm thick )
using A4 paper 3x25 ruler, driver

= Key production principles

Degree of freedom

Make a robot joint using links. Use the design plan as necessary to assemble.

Adjust the length of the links and the distance between bolts in order to

regulate the angle of movement or the gripping of the tongs.

= What requires attention in production

© Work with the components according to the design plan and assemble using
the instructions in the manual.

@ Be careful of scratches when using a knife or gimlet.

@ Be careful of burns when using a glue gun.

O Do not chat loudly or run around in the workshop.

@ Pick up and put away tools after use; Do not place tools or materials on the
edges of a desk as they may cause injuries if they are knocked over.

O Immediately inform the instructor of any potential danger.

= Required knowledge and functions
© Understanding of links and degree of freedom
@ Engineering understanding of a robot arm’s movement
© Method of assembly using bolt, nut, washer, and clamp
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SW Education Module Textbook

O Artificial Intelligence

@ Driverless Vehicles

© loT(Internet of Things)
0 Virtual Reality

@ CRISPR

0 Space Launch Vehicles

@ Natural Disasters
O Smart Medicine
© Game Engines
@ Sports Statistics
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Computational Thinking Map

1. Cyborg Now a Reality

Activity 1

23

Learn about various forms
of smart medicine and the
bio printer

El

Learn about the processing
steps of bio printers

Make a layer-by-layer mod-
el using activity materials

&

Learn about bioinformatics
and DNA

B

Print a 3D model with a 3D
printer, if available

o

Think of a way to print a 3D
model without a support

2. Smart Diagnosis and

Telemedicine

B

Learn the names and func-
tions of the shapes used in
a flowchart

]

Learn about the or-

der of diabetes patient
treatment by stage
Represent the method of
emergency treatment with
a flowchart

3. Bioinformatics
Extend Lifespan

Activity 3

El

Learn about the meaning
and representation of com-
ponents of a base sequence

Set the necessary variables
to find the base sequence
input

Activity 2

2

Learn about telemedicine
through smart diagnosis

£l

Learn about the necessary
elements of telemedicine
and its relation with artifi-
cialintelligence

Represent the process of
telemedicine with a flow-
chart

77
Design a way to find the
base sequence based on
the method presented in
the activity sheet

B

Make a Scratch program to
find base sequence
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