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A Note From Dr. Clayborne Carson

About the Martin

Luther King, Jr.

Papers Project at

Stanford University
Initiated by The King Center in

Atlanta, the Martin Luther King,

Jr. Papers Project is one of only a

few large-scale research ventures

focusing on an African American.

In 1985, King Center's founder and

president Coretta Scott King

invited Stanford University

historian Clayborne Carson to

become the Project's director. 

 

Learn more at

kinginstitute.stanford.edu

Mrs. Coretta Scott King with staff of King

Papers Project at Stanford, November 1986

Picture by Margo Davis

Dear Friend,

 

     I think the essence of King's visionary

message was expressed in his last book,

Where Do We Go From Here: Chaos or

Community? He was calling upon us to move

beyond the struggle against the Southern Jim

Crow system of legalized racial

discrimination and segregation. Rather than

calling for continued struggle for civil rights

reforms, he had begun to call for a global

struggle against the triple evils of racial

oppression, poverty, and militarism. He spoke

at the World House filled with a diverse

humanity, in which we will either perish in

chaos or learn to live together as a peaceful

community. In short, we have still not

answered King's final question.

 

Dr. Clayborne Carson

Professor of History Stanford University

kinginstitute.stanford.edu/clayborne-carson

 

In Honor of Martin Luther King, Jr. Day
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Dear Readers,

 

I am immensely proud to present to you our first global issue, focused on STEM in the field of

Architecture. This issue marks a huge milestone for STEMATIX Magazine. It’s incredible to see

how our team has grown from just a handful of local students to more than 60 young STEM

investigators across the globe. We have made considerable strides in the content, design, and

overall look and feel of the magazine. Let’s take a deep dive into what this issue has to offer!

 

We start with a tribute to our history’s most celebrated architects with Amanda Kay. Kaitlyn

Butcher takes us back to the origins of architecture and how it has shaped our world. We then

take a look at how Arduino is being used for rapid prototyping in Manaus, Brazil. Sahana

Moogi chats with the public works inspector for the City of Santa Clara, and Aayush Sugali

takes us on an adventure through the pyramids of ancient Egypt. Fongang Rodrique from

Cameroon discusses his experiences as a student at the University of Buea and how he

landed an internship at a local startup. JongHun Baek & DoYeon Kang from South Korea

present the Smart-Hanok project and how its meshing thousands of years of culture with IoT

technology. Birkir Þór from Iceland illustrates his design and fabrication of a unique plexiglass

LED guitar. Finally, Dr. Flora S., a postdoctoral scholar at Stanford University, addresses the

burning question of whether there really is such a thing as a “math brain.” 

 

This magazine is a tour designed to inspire imagination and encourage real-world creations. I

want to thank the entire team for continuing to explore, report, and communicate stories that

make incredible topics seem even more incredible. We are truly humbled by the sheer number

of articles received, and as a result, we have decided to split our architecture exploration into

two issues. A special thanks to Sahana Moogi, Ein Hong, Jessica Wang, and Akshita Ponnuru

for going above and beyond their role in the STEMATIX team. Additionally, it is essential to

acknowledge our young international contributors who share their cultural experiences and

voices throughout the magazine. Their take on the application of STEM in the world around

them genuinely diversifies our content and allows the reader to gain a different perspective

on the topics covered in this issue. Lastly, a huge thanks to our partner organizations, Stanford

Science Penpals & Math Happens, for continuing to contribute enlightening content that

never ceases to amaze us. I am grateful to you, our readers, for continuing to support our

magazine, we hope you enjoy this special issue on STEM in the field of Architecture. Happy

reading!

 

 

Sincerely,

     Saurav Gandhi

     Founder, Editor
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The Smart-Hanok model is a

combination of traditional

architecture and modern IoT

(Internet of Things)

technology. Unlike western-

style buildings, the basic

frame is constructed without

any nails or glue, only

traditional fitting methods.

The Smart-Hanok

Project

39

21

14

01

I went to U.C. Berkeley for

four years to complete an

undergraduate degree in

architecture, an A.B. in

Environmental Design with

a major in Architecture.

Ever since the birth of

mankind, hospitals have

existed in some form or

another. Over the years, not

only have the methods of

treating patients changed,

but the physical buildings

and architecture have

improved drastically as well.

Architecture of

Hospitals

The origin of architecture can

be dated all the way back to

the Neolithic period (10,000

BC), about the time when

inhabiting caves was coming

to an end.

The Beginning of

Architecture

Interview with an

Architect



architecture is an

art form hidden

in plain sight
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History's Greatest
Architects
Written by
AMANDA KAY

Architecture is an artform hidden in plain sight,

swept under the metaphorical rug, covered with the

ugly imprints of unruly formulas, and perfect 90

degrees. Unlike other forms of art, even the most

famous of architects stay unknown to the public—at

least, compared to the likes of Renaissance painter

Leonardo da Vinci and contemporary artist Andy

Warhol. To remedy this lack of exposure, here are

some of the greatest names in architecture.

Marcus Vitruvius Pollio, better known as Vitruvus,

was a Roman architect and military engineer,

among other things. Serving during the reign of

Julius Caesar, he was a master at both architecture

and the slightly less graceful subject of ballistics.

His brilliance was unrivaled by any other, allowing

him to aid the then-dictator in war; until Caesar's

murder, that is. Despite this setback, Vitruvius didn’t

falter, choosing to join the army of Emperor

Augustus as a military engineer. During this time, he

was also working on aqueducts as well as other

pieces of architecture, including sundials. However,

one of his greatest impacts on architecture was the

book he published, De Architectura. This book was

unprecedented in the architectural field, the first of

its kind in various aspects. Within these pages lay

the first connection between the structure of the

body and the architecture of a building, opening

doors to another depth of understanding in what

shapes our world. He focused on three central ideas

for designing a building: strength, functionality, and

beauty. These were known as the Vitruvian triad, 

To truly admire the beauty of architecture, it’s time

to go way back in history: 90 BCE, to be exact. 

www.stematix.org2

Vitruvius: Roman Aqueducts



called firmitas, utilitas, and venustas respectively.

Although there is plenty more to say about

Vitruvius and his fascinating theories in De

Architectura, it’s time to move forward a couple of

hundred years.

Now it’s June 25, 1852, and one of the greatest

architects of all time had just been born. Antoni

Gaudí, whose birthplace was Reus, Spain, would

grow up to be one of the most brilliant minds in

architecture. The world would one day marvel at

his designs, declaring them unconventional and

charismatic even by today’s standards. Unlike the

work of other architects, Gaudí’s work was

unusual in a way that was unable to be articulated

into words, as if it belonged to some alternate

universe. It was endearingly, ostentatiously built

for admiration, yet not overwhelmingly demanding.

More simply, all that could be said was that it was

utterly beautiful. Gaudí was a sickly child, and this

trend continued throughout his life. Despite being

required to spend four years in military service, he

spent most of his time on sick leave. However,

once he did graduate from the Barcelona Higher

School of Architecture, his ambitions allowed him

to make the necessary connections to not only

succeed in his field but also to blow everyone

away. Regarded as the best-known structure of

Catalan Modernisme, La Sagrada Familia was the

last project Gaudí ever worked on, having known

that he would never see it finished. Being his most

famous work, it continues to draw in millions of

visitors. Although Gaudí died before its

completion, its construction is still ongoing. As

Gaudi said: "We own the image. Fantasy comes

from the ghosts. Fantasy is what people in the

North own. We are concrete. The image comes

from the Mediterranean. Orestes knows his way,

where Hamlet is torn apart by his doubts”

(theartstory.org).
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said was that it

was utterly
beautiful"

Gaudi: The Church of the Sagrada Família De Architectura



Guangzhou, China, I.M. Pei came to the
United States to study at the Massachusetts
Institute of Technology, later getting his
graduate degree from the Harvard Graduate
School of Design. I.M Pei’s works are
inherently distinct from each other, yet share
a few common aspects between one another.
One of his most iconic works was the glass
pyramid in front of the Louvre, a renowned art
museum. This won him the public’s approval
and the Gold Medal of the French Académie
d'Architecture. Another recognizable piece is
the John F. Kennedy Library in Boston, which
fully exemplifies I.M Pei’s modernist style.
With the grandeur of his works, I.M Pei
received the Pritzker Prize—the architect’s
equivalent to the Nobel Prize
 
Lastly, Zaha Hadid is a widely regarded
architect, acclaimed for her mind-boggling
designs. She was born in Baghdad, Iraq, on
October 31, 1950. Her techniques included
zig-zags and sharp edges, curved sides and
swooshes. However, all of Zaha’s designs
had something in common: they represented 

Now it’s time to truly enter a new era of

architecture, where buildings appear to lack the

whimsy and wonder that had defined the past so

precisely. If the last era laid entrapped in a

reverie, this new era gave rise to a type of

taciturn, stoic energy, yet somehow it was no less

beautiful. In the age of modernism, less was

always more. One man had established this

phenomenon of an architectural technique that

defined an era, and his name was Ludwig Mies

van der Rohe. Ludwig Mies van der Rohe was

born on March 27, 1886, in Aachen, Germany.

Mies was truly the pioneer for the modernism

movement, whose designs always embodied his

phrase, “less is more”. Works such as the

Barcelona chair proved ingenious, lending itself

to a sleek, clear-cut design. In addition to this

innovation, Mies also designed the all-glass

Friedrichstrasse skyscraper in 1921, which to this

day is one of his most famous works.

 

Also considered as one of the greatest architects

of all time, Leoh Ming Pei’s modernist designs

gave way to some of the most beautiful

architecture that the world has ever seen. Born in

Ludwig Rohe: Friedrichstrasse

Leoh Ming Pei

www.stematix.org4



OAKRIDGE HOLDINGS |

individuality in a multitude of ways. The
Heydar Aliyev Centre in Baku, Azerbaijan, was
one such example of this, whose design
allocated deep drops paired with its elegant
design. Hadid also designed the London
Aquatics Center for the 2012 Summer
Olympics. Its design also had the same
swooping effect on the outside and was truly
an architectural marvel on the inside. Similarly
grandiose, with glimmering lights on its ceiling,
the inside of Guangzhou Opera House seemed
dotted with stars. On the outside, it was simply
breathtaking at night with its geometrical
pattern. Zaha became the first female to win
the acclaimed Pritzker Prize in 2004.
 
Architecture is truly an artistic field that
combines both STEM and art to create
something beautiful. After reading this though
this list, I hope you choose to seek out the
work of other talented architects.

STEMATIX Magazine ● History's Greatest Architects 5

 

Zaha Hadid: Form in Motion

1 Ruth Reed
Ruth Reed is a British architect and
was the first woman to be elected
president of the Royal Institute of
British Architects 2009-2011.

2 Zaha Hadid
Dame Zaha Mohammad Hadid DBE
RA was an Iraqi–British architect. She
was the first woman to receive the
Pritzker Architecture Prize, in 2004.

3 Alison Brooks
Alison Brooks is an architect whose
practice, Alison Brooks Architects, is
based in London, England. She is
credited as being the only architect of
the UK to have won all three of the
Royal Institute of British Architects
awards.

spotlight
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THE BEGINNING OF
ARCHITECTURE

WR I T T E N  B Y  K A I T L Y N  B U T C H E R

Origin

The origin of architecture can be dated all the way back to the Neolithic period (10,000 BC), about

the time when inhabiting caves was coming to an end. Archaeologists often discover puzzling

structures such as earthen mounds, stone circles, and megaliths built during this era, called the

Stone Age. The first recorded architects after the Stone Age were the Egyptians in 3100-2040 BC.

The Egyptians created the first pyramids and underground tombs. As time progressed, other

cultures such as the Irish, Greeks, and Romans were inspired by the Egyptian designs. By the

twentieth century, each culture had contributed to the progression of modern architecture.

Workers

Although the field architecture has been present ever since the Renaissance period, architects

used to only be considered as artists. Over time, the field developed into what we now know as

architecture. The field of architecture was primarily dominated by adult men until the 1870’s.

These architects supported their families and helped maintain the family trade. An architect’s

typical day would start at sunrise and end at sunset. However, today the average architect works

about 50 hours per week.

 

Stonehenge,  Salisbury, UK

www.stematix.org6



"Due to the wide
variety of
architectural
types, an
architect can
devote their time
to perfecting a
single trade."
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The most well-known male

architect in the 1860’s was

Frank Loyd Wright. His most

remarkable works are the

homes he designed, such as

the Robie House in Chicago.

Wright started working as an

architect at a young age to 

 support his family

financially. Before the 1880’s,

not many women attempted

a career in architecture

because they were viewed as

too weak. The first successful

woman to become an

architect was Julia Morgan ,

who achieved this feat in

1872. Her greatest work is

Hearst Castle in San Simeon,

California.

Types of Architects
There is a wide variety of

architects, with the most

common types being

residential, commercial,

industrial, landscape, interior

design, and green design

architects. Residential

architects focus on

constructing housing for

private clients, while a

commercial architect works

on creating larger venues or

facilities. An industrial

architect works on various

civil engineering projects

that can range from the

construction of bridges to

hydroelectric dams.

Landscape architects focus

on the outdoor design of a

building, including gardens,

parklands, and lawns. 

Interior design architects

perform house furnishing, and

green design architects work on

eco-friendly structures. Some

green design architects perform

tasks like implementing solar

panels into one’s house. Due to

the wide variety of architectural

types, an architect can devote

their time to perfecting a single

trade.

Workers' Lifestyles
Embedded in
Architecture
Architects don't only design

buildings, they also go and

enjoy their creations. For

example, take the

Colosseum. Built in Rome in

70 A.D, this building was a

prime space for

entertainment. Many

architects in Rome

contributed to this

extravagant piece, and after

it was finished, they visited

their masterpiece to

entertain themselves. The

lifestyles of architects are

constantly embedded in the

work they create, as many

buildings architects

construct are places they

often go visit themselves as

well.

The Evolution of Blueprints



Progression of
Architecture
Imaginative ideas become the

unique constructions we see in

person. During the early 12th

century Gothic period,

cathedrals and other large

buildings came to life. In

addition to high ceilings,

stained glass became a

popular addition to all

cathedrals, allowing light to

shine through the colorful

glasswork. Furthermore, the

design of the infamous Notre

Dame Cathedral marveled

many French residents due to

its intricate, hand-carved walls

and breathtaking stained glass.

The beautiful designs of the

cathedrals widened viewers’

perspectives of architecture

and art, showing that every

architectural movement

inspires future pieces in novel,

inventive ways.

Science and Math
Science and mathematics are

incorporated into the design of

architectural pieces in many

ways. For instance, the

scientific method is applied to

projects. Architects are

constantly asked by their

clients to create complex

designs, so before constructing

their idea, architects may

research how they will

implement certain aspects into

the building, such as plumbing

or electricity. During the design

segment of the scientific

method, they must perfectly

calculate the dimensions of

every structure to serve all the

consumer’s wants. Math is also

an important tool. One

instance where architects

apply geometry is when

calculating the angles a

stained glass window will be

positioned at in order to allow

the most light into the room.

Throughout this entire process,

architects are constantly

following the cycle of the

scientific method and using

math concepts to create the

ideal look for their customers.

Modern-Day Architecture
All of today’s architecture

includes techniques from

works of the past. For example,

many recent structures

incorporate the use of

concrete. This method of

construction was first brought

up by the Romans, who

originally worked with marble. 

However, due to the

accessibility and strength of

concrete, it became a

widespread building material.

Not only did the Romans inspire

other countries to use concrete,

they also began designing

columns, domes, and arches.

We would not have today's

bridges or aqueducts if the

Romans had not attempted

their construction. A famous

structure inspired by the

Romans’ arches is The Arc de

Triomphe in Paris. Another

prime example is the White

House, which displays Rome's

signature columns and arches.

In fact, many buildings show the

impact of how Roman

architecture has influenced the

designs of recent infrastructure

around the world which proves

the influence older civilization

have on modern architecture. 

Architecture found its humble

beginnings in simple Neolithic

cave structures, and slowly

evolved to an intricate art form

bursting with creativity that still

continues to progress today.

"Architects are
constantly
following the
cycle of the
scientific method
and using math
concepts"

www.stematix.org8



ARCKIT

WHAT IS ARCKIT?

ARCKIT is a freeform
model kit that lets you
design, build, and modify
modern houses. It is a
great tool for fledgeling
architects or any children
that want to build in 3D.
There are finish details
you can choose, such as
flooring, tiles, walls, and
aluminum to build the
house of your dreams.

WHY SHOULD YOU
GET AN ARCKIT?

You can express your
creativity and vision
through the ARCKIT
by constructing any
structure you'd like.

BUYING AN ARCKIT

The pieces of every kit
are interchangeable, and
prices of ARCKITs range
from $70 to $400 with
4 different ARCKITs you
can purchase.

- STEM
 ARCHITECTURE TO

Y FO
R KIDS -

STEMATIX Magazine ● ArcKit 9
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A bridge named “Bridge of
Eggs” was built in Lima, Peru
around 1610.The bridge was
made of mortar mixed with
10,000 eggs’ whites instead
of water, hence the name.

The Incan civilization considered bridges so
sacred that if someone tried to meddle or
tamper with them, they were sent to their

deaths. One example of their mind-blowing
bridges are their chacas bridges, which are

composed of grass woven into ropes as thick
as our human bodies! Many of these

structures are still around today. The most
iconic bridge of them all is the Keshwa Chaca
Bridge(one of “The Most Dangerous Bridges In

the World”).

Architecture was once
considered an olympic
sport. In the 1928 Games
at Amsterdam, the Dutch
architect who designed

an Olympic stadium won
a first place medal in
architecture. The only

catch to this “sport” was
that whatever the

architect had created had
to be sports-related.

FUN FACTS ABOUT

ARCHITECTURE
B y  O m  K u l k a r n i

www.stematix.org10



9
5

6

7
8

In the mid-sixteenth century
Hicleyoshi, the peasant ruler of
Japan, ordered to have all the

swords in the kingdom sent to him
and melted. The molten metal was
used to make an enormous statue

of the Great Buddha in 1586. Though
it took 50,000 artisans more than
six years to build the statue, it was
lost in an earthquake and none of

its pieces have been found.

In the rural districts of
Nepal, the majority of their
houses are constructed of

cow dung mixed with sand,
clay, and mud.

“The Sims”, a video game
that all most of us know
as the game in which you

can simulate your life,
started out as an

architecture simulator.
The old concept was

more like SimCity, where
you build your own

house and
bots(autonomous “fake

people”characters) would
test your design’s

success.

If any of the
presidents had a

proportionate body
to their head on
Mount Rushmore,

then each
statue/carving

would be at least
500 feet.

The Escorial, the famous palace
located just off Madrid, was
built to resemble a gridiron

because Saint Lawrence, one of
the seven deacons of Rome and

to whom this building is
dedicated to, was burnt on top

of one.

The Empire State Building
consists of exactly 10

million bricks.

“Architecture 
should speak of its

 time and place, but 
yearn for timelessness.”

-Frank Gehry
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ARDUINO DAY
I N  C O L L A B O R A T I O N  W I T H  F A B  L A B  M A N A U S

M R .  F I L I P I  D A M A S C E N O  V I A N N A
P I C T U R E S  B Y :  L A U R A  C A M P O S

www.stematix.org12



INFOGRAPHIC CREATED BY JESSICA WANG 

OPEN SOURCE AND

EXTENSIBLE

HARDWARE

The plans of the Arduino boards are
published under a Creative Commons
license, so experienced circuit designers
can make their own version of the module,
extending it and improving it.

OPEN SOURCE &

EXTENSIBLE

SOFTWARE

The Arduino software is published as
open source tools, available for extension by
experienced programmers. The language can

also be expanded through C++ libraries. 

SIMPLE, CLEAR

PROGRAMMING

ENVIRONMENT

The Arduino Software (IDE) is easy-to-
use for beginners, yet flexible enough for
advanced users to take advantage of
as well.

WHY ARDUINO?

INEXPENSIVE

Can be assembled by hand, and
even the pre-assembled Arduino
modules cost less than $50

CROSS PLATFORM

The Arduino Software (IDE) runs on
Windows, Macintosh OSX, and Linux
operating systems. Most micro-
controller systems are limited to
Windows.

Arduino

WHAT IS IT? 
An open-source electronics platform 
Based on easy-to-use hardware and software.

Able to read inputs and turn it into an output 
Ex: pressing of a button activates a motor

Uses Arduino Programming language and Arduino Software (IDE)

rapid

prototyping

with

arduino

CHECK OUT THESE PLATFORMS
FOR SOME INSPIRATION

Hackster is a community
dedicated to learning
hardware. Hardware
developers from beginner
to pro are able to learn
new things every day,!

Instructables is a
community for people who

like to make things. Come
explore, share, and make

your next project with us!

HACKSTER.IO

INSTRUCTABLES.COM

Arduino Create is an
integrated online platform
that enables Makers and
Professional Developers to
write code, access content,
configure boards, and
share projects.

CREATE.ARDUINO.CC

DIY Electronic Projects
and Tutorials;

Collaboration Tools to
Design and Share

Electronics Projects with
the Maker Community

MAKER.PRO

STEMATIX Magazine ● Arduino Day 13



Arduino Day 
On March 16th, 2019, PUCRS (Pontificia Universidade Catolica do Rio Grande do Sul, Brazil)

campus held an Arduino Day event chapter. There were dozens of activities, including a small fair

with 3D printed parts and projects made by community makers. The PUCRS Rocket Club has

also shown their most recent rockets at the PUCRS Arduino Day Fair, including their own load

cell to measure rocket thrust and a gliding rocket (pictured above).
 

www.stematix.org14
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WACKIEST H    USES!

SEA CREATURE SHACK

HOBBIT HOMETOWER POWER

ROUND RESIDENCELOST AT SEA

HAEWOOD JAE
Located in Nucalpan,

Mexico. Architect Javier
Senosian designed this

home to look like a shell
creature known as the
nautilus. The house has
curved rooms, lopsided

hallways, and other
wacky things.

Located in Mumbai.
India, Mukesh  Ambani

bulit a 27-story
scyscraper for his family

of five. The house
costed 1 billion dollars

but contains things
such as a theatre, a spa,
and even a yoga studio

Located on a rock on
the Drina River, the

house was built in 1968
by a group of young

men who decided that
the rock on the river

was an ideal place for a
tiny shelter,

Located in
Pembrokeshire, Wales,
Simon Dale constructed
a house that looks like it

came straight out of
Lord of the Rings. The

house is made of scrap
wood, twisty tree limbs,
plaster, and tree trunks.

Located in Suwon, South 
 Korea, this house is

shaped like a toilet. South
Korean sanitation activists

marked the start of a
global toilet association
by lifting the lid on the
world's first lavatory-

shaped home that offers
plenty of water closet

space

Located in Sao Paulo,
Brazil, this house was
sculpted by Eduardo
Longo.  Known as the

sphere, it has 3 stories and
a sleek interior. Longo
hopes to build more of

these to save space.

THE WORLD'S

BY: SERENA GANDHI
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-  K E N  K R A T Z

There are
three main
skills that
every architect
needs to have:
programming,
production,
and inspection

Q: CAN YOU GIVE A LITTLE
BACKGROUND ABOUT YOURSELF?

A: I went to U.C. Berkeley for four years to complete an
undergraduate degree in architecture, an A.B. in
Environmental Design with a major in Architecture. After
I graduated, I worked for a civil engineer in Oakland for a
short time where I designed a warehouse, which involved
drafting structural and architectural drawings. After that
experience, I took and passed many civil service
examinations at the City of Santa Clara and was hired as
an engineering aide in the Electric Department and then
senior engineering aide and, finally, a public works
inspector in the engineering division of the Public Works
Department, a job I held for twenty-six years. I inspected
civil and architectural works.

INTERVIEW WITH ANARCHITECTKen Kratz, Former public works inspector for the City of Santa Clara

Interview By Sahana Moogi

Photo by Abinash
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Q: WHAT WAS ONE OF YOUR MOST
INTERESTING PROJECTS YOU WORKED
WHILE WORKING WITH THE CITY?
A: The most interesting project was the San Tomas Aquino Creek
Trail. It’s a bicycle-pedestrian trail that runs along San Tomas
Aquino Creek. That project was interesting because I had to
work with multiple jurisdictions. I had to work with the Santa
Clara Valley Water District who owns the right-of-way along the
creek. And there were federal agencies involved too due to the
wildlife that is in the creek and the birds that frequent the
habitat of the creek. It was an interesting project because
inspectors from those agencies would come out to make sure
that I was looking for certain things. I learned a lot about the
regional area, in addition to the requirements the city needed
from the trail.

A: Well, the most difficult project was the El Camino Real sewer
improvement project in our neighborhood. We had to add an
additional sewer line to accommodate a development being
constructed in the city. This particular development was near the
corner of El Camino Real and Lawrence Expressway where a large
housing complex was being constructed. So the city engineers
determined there wasn't enough capacity in the existing line to
take the additional sewage from the housing complex so an
additional line had to be constructed.

Q: WHAT INTERESTED YOU IN
ARCHITECTURE AND WHY DID YOU
PURSUE IT?
A: I like architecture because it's a combination of many skills.
You have to be able to write clearly, perform calculations, and
draw. So you have to be able to communicate very well. And that
is partially the reason I also like art and science; in the
architecture profession, you should have an interest in both
areas

Q: WHAT WAS THE MOST DIFFICULT
PROJECT YOU’VE WORKED ON?

Q: WHAT ADVICE
WOULD YOU GIVE TO
PEOPLE INTERESTED
IN PURSUING THIS
FIELD

Take math and construction
classes if you have a slight
interest.
Work for an architect for 10 years 
 or get a bachelors degree or a
masters degree and gain some
experience. After all of this
experience you need to take
the the exam to get your license .
Professional exam is a two-day
process, examining all different
aspects of architecture.
If you have a degree you can apply
to government jobs ( fire
protection technician, public
works inspector, or with a
construction company).
There are three main skills that
every architect needs to have:

 programming - listening to
what the client needs and their
constraints
 production - designing and
making drawings 
 inspection - knowledge of how
of how to construct something
and what materials to use.

A: There are multiple things you need
to do.

1.

2.

3.

4.

5.

a.

b.

c.

Q: WHAT ARE YOU WORKING ON
RIGHT NOW?
A: I'm working on an application to register Pomeroy Green, the
housing complex where I live, on the National Register of Historic
Places. Pomeroy Green is a townhouse complex in Santa Clara
that was designed by architect Claude Oakland, a Bay Area
architect, in the early 1960s.

“Architecture is a
language. When

you are very
good, you can be

a poet”
- Ludwig Mies van

der Rohe
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PYRAMIDS:
EGYPTIAN
ARCHITECTURE
B Y  A A Y U S H  S U G A L I

The only remaining marvels of the originals and one of the

Wonders of the World, the Great Pyramids of Giza, located in

Egypt, Africa, stand as some of the tallest and most impressive

architectural creations known to man. From their incredible

heights to their maze-like interiors, they are some of the oldest

structures still standing today. Egyptian architecture was

unparalleled during their time, creating some of the greatest

structures without the use of any modern-day tools.

Egyptologists believe that the Great Pyramids were built as a

tomb for the Pharaoh Khufu of the Fourth Dynasty. Khufu’s

vizier Hemiunu is believed to be the chief architect of these

pyramids. It took years of planning and preparation for the

pyramids to become a reality. Hemiunu designed the pyramids

so that they would look grand and unearthly from the outside,

while also acting as an impenetrable fortress, housing all the

Pharaoh’s prized possessions and his coffin. To avoid tomb

raiders from stealing this wealth, a great deal of planning was

devoted towards the security of the pyramid. The entrance itself

is hidden from plain sight, and inside there are numerous lethal

traps and dead ends, which acted to deter anyone who sought

the treasures of the Pharaoh.

"Egyptian architecture was
unparalleled during their time,
creating some of the greatest
structures without the use of
any modern-day tools."
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PHYSICS IN EGYPTIAN
PYRAMIDS
PHYSICS IN EGYPTIAN
PYRAMIDS

Wetting the sand a certain amount
decreases the friction and therefore

the effort. This was especially helpful
to the Egyptians when they had to

transport heavy sleds far distances.
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REDUCING FRICTION

Moving the heavy blocks was a
physically draining task. Physicist Joseph

West suggests a system in which three
wooden posts are tied to each side of

the block, turning its square section into
a 12-sided polygon. In this way, even a

single person can roll a block.

RAISING UP BLOCKS

TRANSPORTING BLOCKS

Scholars agree that there must have been a
system of ramps for hauling up blocks, but no
one knows for sure how the ancient Egyptians
raised the blocks to their final resting place.
Theories include a spiral ramp supported on
the pyramid and a spiral ramp that travels
through the interior of the strucure. 



 

Another objective of the

architect was to design a

pyramid that was otherworldly.

This goal could be achieved by

designing something that had

never been built before.

 
Another objective of the architect was to

design a pyramid that was otherworldly. This

goal could be achieved by designing something

that had never been built before. The idea that

dawned upon him was a square pyramid,

something that could easily be recognized from

miles away. Hemiunu’s design was then shown

to the builders and constructors, mostly

comprised of volunteers from the city. The

construction of the Great Pyramids has plagued

historians for many years. Building the

pyramids was no easy feat, as Hemiunu called

for the pyramid to be arranged from giant

blocks of limestone. The workers would gather

the large limestone blocks, weighing from 2

tons up to 100 tons, from the quarry to be

transported all the way to the pyramid site, a

distance hundreds of miles long. Since the

wheel had not been invented yet, the

Egyptians’ jobs were a lot harder. They had to

drag massive blocks using sleds and pulley

systems. After transporting the blocks, they

would then begin assembling the blocks into a

 
pyramid, dragging the blocks up on ramps to

reach the next level of the block pyramid. The

process to build the pyramids spanned an entire

20 years, and they were completed in 2560

B.C.E.There are still many, many mysteries

shrouding the pyramids. One such mystery is

the missing capstone on one of the pyramids.

Not having a capstone to finish off the triangle

shape of the pyramid, there is only a flat top,

leaving historians to speculate what happened to

it—if it was even there in the first place.

Nevertheless, the Great Pyramids of Giza are one

of the greatest standing monuments in the

world, a sight that truly exhibits the amazing

feats of human architecture.

Art by Jason Co
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CONTENT BY
THOMAS FINCH
ROYAL SOCIETY OF CHEMISTRY
*DISCLAIMER: the author and the society in no way endorses or
 supports the content in this publication

Ancient
Egypt

1 IDENTIFYING AND GROUPING EVERYDAY

MATERIALS
Ancient Egyptians used metals for making containers and jewellery, and wood for making
boats and tools.

2 CATS
Cats were sacred animals and worshipped because they looked like the goddess. Mummified
cats were often buried in temples in honor of Bastet. Cats were also kept as pets and the
Egyptians were instrumental in domesticating these species.

3 MEDICINE
Egyptian scientists were extremely knowledgeable regarding the plants that surrounded
them. They used plants, especially herbs, to treat common problems like fevers or pain.
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CHEMISTRY

BIOLOGY

2 USES AND PROPERTIES OF MATERIALS
Ancient Egyptians made boats to transport things on the river Nile. These boats had to be
made of strong materials to be used on the water

3 CHANGES IN MATERIALS
Ancient Egyptians made papyrus, a paper-like material, from a plant that grows on the banks of
the Nile.  The papyrus plant was also used for making sandals, ropes, and baskets.

1 ANATOMY
Ancient Egypt gets a lot of credit for having advanced knowledge about the human body in
around 2800 BC. That’s almost 5,000 years ago! This knowledg, apart from keeping people
alive, were instrumental in the cultural process of maintaining bodies after death.



native american architecture

Written by Risha Koparde and Jessica Wang 

Native Americans have a rich and diverse culture that has

evolved over time. By crossing over a land bridge from Asia,

the Natives first appeared in North America about 12,000

years ago. Over time they began to migrate over the land

and settled down as separate tribes. These tribes contrasted

greatly depending on their home’s landscape. The Cherokee

who lived in the Southeast were extremely different from the

Siouan who resided in the Plains. For each variation of

landscape existed a unique tribe.

 

The Eskimo, Aleut, and Inuit lived in the Arctic. Arctic land

was mostly flat with freezing temperatures and abnormal

days. Barren and lifeless, the Arctic did not have many trees,

making living a severe challenge for the tribes. To sustain

themselves, the Natives would hunt and gather. Since

animals did not usually stay in one place, the tribes would

follow with them. This ensured that they would not run out of

food. When creating their houses, the tribes would either use

the scarce amount of timber they had or the ice. To create

the timber houses they would use whale bones as the

structure, then cover the entire house with mud to ensure its

stability. For igloos (snow houses), large blocks of ice were

set and packed together with snow. Surprisingly, snow was a

good insulator and kept the frigid Arctic wind out. In an

igloo, each block was measured precisely into rectangles.

Once formed, the blocks were carefully placed into the

desired shape and shaved at a certain angle. These exact

measurements allow the structure to stand on its own.

 

Located in the Sub-Arctic were the Innu, Cree, Ojibwa,

Chipewyan, Beaver, Slave, Carrier, and Tanaina, tribes.

This land was not at all like the arctic. It featured swampy

forests with an abundance of resources. Both animals and

plants played a large part in these Natives's diets. The

tribes’s houses varied from the cold months to the hot ones.

During the summer, the most common houses were lean-tos

and brush houses. Brush houses were temporary and often

small, almost like a camping tent. These houses were so small

that you could barely stand up in one, thus its only purpose

was for sleeping. They were created using wood sticks

shaped into a cone and brush layered on top.
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Native American contributions to science are often overlooked, however these people have been
instrumental in domesticating native plant species. Recent evidence reveals that Native American were a key

factor in domesticating the following plant species:

STEMATIX Magazine ● Architecture 1

Native American Contributions to Science

Corn Squash Sunflower Persimon Gooseberry

When winter came around, tribes either built an underground dug-

out or a log house. A dug-out would be built into the ground, which

allowed the area to keep in heat and have more space to roam. A

log house was made of cedar wood planks. Most tribes did not like

to use log houses because they took extremely long to build and

were inconvenient to the tribe’s frequent moves.

 

The Northeast was home to the Algonquin, Iroquois, Huron,

Wampanoag, Mohican, Mohegan, Ojibwa, and Sauk, Fox

Natives. Inhabiting areas from Canada’s Atlantic Coast to the

inland Mississippi River, they harvested crops such as corn, beans,

and vegetables. These Northeastern Natives built longhouses.

Similar to wigwams, these large and houses used wooden poles

and elm bark coverings. They could stretch as long as 200 feet

wide and 20 feet tall.

 

The Southeast had the Cherokee, Choctaw, Chickasaw, Creek,

Seminole,  Natchez, Caddo, and Guale tribes. These tribes lived

in a humid area which was great for growing numerous crops like

maize (variation of corn), beans, tobacco, and sunflowers. The

Southeast natives lived organized lives around small markets known

as hamlets. Because of the humid weather, the Southeast natives

lived in cooling Wattle and Daub houses. These houses had a frame

made out of woven rivercane, wood, and vines. The frame was

then coated with plaster. Roofs were made out of grass or bark

strung and thatched together. These structures were permanent,

and building one required much effort. Wattle and Daub houses

were perfect for the Southeast tribes because they had a warm

climate and did not relocate often.

 

The Plains held the Omaha, Pawnee, Crow, Sioux, Cheyenne,

Comanche, and Kiowa tribes. The Plains included regions such

 

 

 as the Rocky Mountains and the Mississippi River, as well as a

vast prairie area. Natives living in the Plains built tall grass

houses. Resembling large wigwams, the grass houses were

similar to a beehive in shape, comprising of roofs thatched with

the prairie grass that rose up to 40 feet tall.

 

Consisting of Zuni, Hopi, Yumans, Pima, Tohono O’odham

(Papago), Navajo, and Apache tribes, the Southwestern

people survived by hunting and gathering. Their climate was

warm, and they did not prefer to move homes at all. The homes

built by the Southwestern natives were called adobe homes. The

multi-story houses were made out of Adobe clay, and resembled

modern day apartments. One family lived in a unit, and many

units were connected. The adobe clay bricks needed to be

baked, so these houses were easily built in warm and dry

climates. The Great Basin had the Mono, Paiute, Bannock,

Shoshone, Ute, and Gosiute tribes. The Great Basin was

surrounded by the Rocky Mountains and consisted of the

Columbia and Colorado Plateaus. This also contained the

Plateau which held other tribes. It was barren land, where the

tribes picked at roots, seeds, and snakes for food. The Native

Americans living in the Great Basin constricted houses from the

earth. These Earthen Houses included earth lodges, sod houses,

and Navajo hogans. They were all basement-like living spaces

with a wooden framing as support. These houses could be

permanent, and offered exceptional protection against harsh

weather. 

 

The Northwest Coast was a small area home to the Tlingit,

Haida, Tsimshian, Kwakiutl, Nuu-chah-nulth (Nootka), Coast

Salish, and Chinook. California had many such tribes.

Northwestern natives,
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who lived in northern California up to Alaska, always

used the hunter-gatherer technique to find food as

rivers full of fish and wild animals were common. They,

however, did not practice agriculture.

 

Lastly is California, an area of land that had many

tribes- some of them were the Hupa, Yurok, Pomo,

Yuki, and Yana. Californian Native Americans had a

lot of diversity and many tribes. These groups were

commonly found living in plank houses. These plank

houses consist of cedar planks that were elongated

and flattened. Some suggest that the plank house was

the inspiration to current day European houses.

 

For each and every one of these houses, natives had

to be precise. They had to measure every piece and

use the right materials that could support the

necessary weight. Science and math played hand-in-

hand when building these houses. Without either,

buildings would be lopsided and crash down in a

spectacular mess. They had to have the perfect angles

and good circulation to be a liveable space.

 

 

Many of the houses were exceptionally advanced.

They used techniques that are still continued to be

used today. Although they did not use the same

materials, the same concept was applied. The houses

were designed similarly to those in the past to

preserve the heritage, as well as their functionality. If

the house was built in a warm climate, the builder

could use past ideas to influence what is built.

 

When tribes created houses they had to incorporate

many factors into their building. They used math to

calculate the angles and the different sizes to help

build the house. Before they even started to build the

house, the builders had to think about the best way to

increase airflow or keep the heat in. They had to

continuously check the temperature and use all their

resources in the area.

 

Native Americans played an enormous part in

developing our society. With their unique buildings

and ways of life, they have influenced the world and

the future.

1 Tipi

2 Adobe Home

3 Hogan

Longhouse

Igloo

Wickiup4

5

6

Native American Homes
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Architecture of Hospitals
Ever since the birth of mankind, hospitals have existed in some form or another. They are an
essential key to the growth and maintenance of a population. They may not have been like

what we think of today, but the underlying ideas of treating and healing patients have gone way
back. Over the years, not only have the methods of treating patients changed, but the physical

buildings and architecture have improved drastically as well.

W R I T T E N  B Y  H A S I T H A  D A N G E T I
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Green Hospitals

in the USA

BOULDER COMMUNITY

HOSPITAL

BRONSON METHODIST

HOSPITAL

KAISER PERMANENTE

WEST COAST

LAGUNA HONDA

HOSPITAL

The hospital reduced energy consumption
by building a central utility plant that allows
for the purchase of more energy-efficient

equipment, and water required for irrigation
was reduced 70 percent.

Bronson Methodist Hospital in Kalamazoo,
Michigan, which received the H2E

Environmental Leadership Award two years
in a row. They focus on energy and

water conservation.

Kaiser has introduced re-usable plastic sip
bottles instead of disposable pitchers and

cups and is recycling paper, toner
cartridges, dental amalgam, fluorescent

light bulbs and Styrofoam.

Laguna Honda has been designed to achieve
energy reductions to a level at least 30

percent below the state energy code and will
generate at least five percent of its total

power requirement with solar and fuel cells.
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T H E  G R E E K S  W E R E  T H E

F I R S T  C I V I L I Z A T I O N

W H O  S T A R T E D  T O

P R A C T I C E  M E D I C I N E .

The Greeks were the first civilization who started
to practice medicine. Although they didn’t have
any actual hospital buildings, they had
physicians that would treat the patients at their
own homes, which was the way medicine would
be practiced for centuries. The first known
hospital was built by the Romans, for their
military. Each room had three beds, and they
were built around courtyards. Other sources
suggest that similar infirmaries may also have
been built for slaves and gladiators. However, at
this time there was no concept of having an open
public hospital. As time passed, the Roman
Empire became closely involved with
Christianity, and the idea of caring for the sick
become a very important concept. After 400 AD,
monasteries had accommodations for travelers,
the poor, and—of course—the sick. Healthcare 

for the general class became a lot more
common, with religious practices that treated
the poor in large, open wards, while the rich and
wealthy were tended to by physicians. The style
of treatment in ward housing became the
standard public hospitals for a long time
afterward. One of the main ideas was to have the
ward shaped so that the sick could see the altar
to pray, since at this time religion was a huge
aspect in people’s daily lifestyles. This style has
also been adopted to some modern-day

hospitals, but instead of an altar, it is the
nurse's station that holds everything together.
     The wards became bigger and soon started
to become unsanitary, dangerous to both
patients & workers within. Many of these
hospitals were located in major cities around
the world, including cities such as Paris and
Florence. These hospitals had over one hundred
beds with no proper dividers, and sometimes
multiple people had to share a single bed.
These wards were dark, poorly ventilated, and
sometimes spread diseases quicker than
actually curing the patients that were sick.
Many realized that this was not a good way to
treat people, so the pavilion plan was created.
It was a new system that split up patients by
their needs, wants, and the intensity of their
problem. This was the first style of hospitals
that was divided into sections, which was a lot
more sanitary. This style has remained constant
for hundreds of years, and it is the modern style
that many of us picture when we think of
hospitals today. Alongside the rest of
architecture and technology, hospitals are
constantly changing and improving for the
future.

www.stematix.org28



BEST
ARCHITECTURE
SOFTWARES
OF 2020

TOOLS OF AN
ARCHITECT

By: Soham Kulkarni

Drafting Tools
 
Sketchbook and Pencil - The Sketchbook and pencil is
one of the most crucial parts of an architects set of tools.
It is used to sketch out basic ideas.  
 
Adjustable Triangle and French Curve - are very useful
tools to draw exact shapes or lines, making it easier to
draw precise plans.
 
Trace Paper and LED Light Box - This specific type of
paper is almost see-through. It helps architects iterate
ideas.
 
Scale Figures - Makes sure the architecture is certain
how large the structure is going to be. It is measured
proportionate to an average person’s height.

Modeling Tools
 
Exacto Knife and Cutting Mat - These tools help you
make exact cuts when dealing with cardboard,
foamboard, or balsa wood. 
 
Electric Foam Cutter - Easily cuts through any building
material. 
 
Modeling Clay - Modeling clay is an easy way to make a
model. It can easily be sculpted and resculpted into any
form.
 
3d Printer, Laser Cutter, and Engraver - All of these tools
make precise computer designs a reality.
 
Adobe Photoshop - Is used by many architects to see how
their designs might look like in real life It helps make
pictures of the completed structure for advertisement
purposes, while the building is still being built.
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Most people marvel at the amazing architecture in front of them, but
they never think of the calculations that go into making the
structures. The factors that play a part in how structures are built are
weight distribution, length, height, and area. First of all, the
architects have to make a design of the piece of architecture they
are building, and have to use math to measure everything, from
height to length, of the structure. They have to be very precise with
their plans for the building, since even a tiny mistake can cause a
huge disaster when building the structure of buildings. Without math
in architecture, bridges will collapse, skyscrapers wouldn’t exist, and
buildings would be unproportional, and unsafe. This is why it is
important to be precise. Let's take a look at the application of
matheematics in today's architectural marvels.

THE GREAT
PYRAMID OF GIZA

The pyramid's perimeter is 365.24
cubits (the number of days in a
year). The perimeter / height x 2 =
pi! The King's chamber within the
tower is based on the pythagorean
theorem!

Cairo, Egypt

Math in Architecture
W R I T T E N  B Y  S O H A M  K U L K A R N I

TAJ MAHAL

A great example of line
symmetry. One vertical line down
the Taj Mahal, and another down
the reflecting pool, display
perfect symmetry with one
another.

Agra, India
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SAGRADA
FAMILIA

Gaudi used hyperbolic paraboloid
structures (a quadric surface, in
this case a saddle-shaped doubly-
ruled surface, that can be
represented by the equation z =
x2/a2 – y2/b2), which can be seen
within particular façades.

Barcelona, Spain

PHILIPS PAVILION

The Pavilion was a mind-boggling
collection of asymmetric
hyperbolic paraboloids and steel
tension cables, used to showcase  
progress after World War II.

Brussels, Belgium

GUGGENHEIM
MUSEUM

The titanium panels, which look
like fish scales, were designed to
appear random but actually
relied on Computer Aided Three
Dimensional Interactive
Application (CATIA).

Bilbao, Spain

CHICHÉN ITZÁ

The stairways dividing the
eighteen tiers correspond to
the Mayan calendar of eighteen
months and the steps within El
Castillo mirror the solar year,
with a total of 365 steps, one
step for each day of the year.

Chichén Itzá, Mexico
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LAUREN SIEGEL
Co-Founder and Acting Director
 

PHILIP SIEGEL
Co-Founder
 

KOCH SNOWFLAKE

ABOUT 
Founded in the fall of 2014 by Philip and Lauren Siegel,
MathHappens has been exploring ideas, options,
strategies and partnerships to bring math into the
community conversation here in Austin, elsewhere in
Texas, New York and California

www.mathhappens.org

The Koch snowflake is a mathematical curve and
one of the earliest fractals to have been
described. The idea originated from a paper by
the Swedish mathematician Helge von Koch.
 
The Koch snowflake is built through iteration, in
a sequential pattern. The first stage is an
equilateral triangle, and each successive stage is
formed from adding outward bends to each side
of the previous stage, making smaller
equilateral triangles.

P R E S E N T E D  B Y  M A T H H A P P E N S

F O C U S  O N  T H E  M  I N  S T E M

KOCH SNOWFLAKE
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BUILD YOUR OWNVISIT
MATHHAPPENS.ORG

TO LEARN MORE!
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BY  FONGANG  RODR IQUE

UN IVERS ITY  OF  BUEA  

COLLEGE  OF  TECHNOLOGY

CAMEROON

 

ME AND MY
INTERNSHIP

How I got into
Computer Science
To  ge t  s t a r t ed ,  l e t  me  t a l k  a  l i t t l e  b i t  abou t  myse l f .

I ’m  a  Compu te r  so f twa re  Eng inee r i ng  s tuden t  and

I ’m  i n  my  second  yea r  o f  co l l ege . I  en joy  any th i ng

tech - r e l a t ed ,  I  do  pa in t i ng ,  ca l l i g r aphy  and  b rush

l e t t e r i ng  some t imes ,  s i ng  when  I ’m  wi th  t he  r i gh t

g roup  o f  peop le ,  adm i r e  pho tos /p i c tu r e s ,  no t  t oo

soc i a l  bu t  I  f i nd  myse l f  he lp i ng  o the r s  a  l o t ,  hmm…

and  l o ve  wa l k i ng ,  sw imming .  Abou t  how  I  go t  i n t o

compu te r  sc i ence :  Wel l  we  a l l  know  how  mos t  o f

t hese  s to r i e s  s t a r t  “ I ’ve  l o ved  compu te r s  eve r  s i nce

as  a  k id ” .   Tha t ’ s  no t  t he  case  wi th  me .   Grow ing  up

as  a  k id  f r om  whe re  I ’m  f r om  back  i n  t he  days ,  a

compu te r  (Desk top )  was  d i f f i cu l t  t o  f i nd  (No t  even

in  ou r  l o ca l  schoo l s ) .  I  l o ved  t ouch ing  t h i ngs  a  l o t .

A t  t imes  I ’ l l  make  a  mess  o f  my  pa ren t s  phone

(S i emens  A52  and  Moto ro l a  C123 )  i f  I ’m  r i gh t  and

no t  f o rge t t i ng  you  ge t  a  he l l  o f  bea t i ng  f o r  t ha t .

W i t h  t h i s  i n t e r e s t  bu rn i ng  i n s i de ,  t he r e  was  no  one

o r  anywhe re  t o  f i gu re  ou t  wha t  r ea l l y  was  t he

pu l l i ng  f a c to r .  I  l i v ed  l i k e  t ha t  go ing  f r om  p r ima r y  t o

seconda r y  schoo l  s tudy i ng  i n  t he  sc i ences  wi th

no t i ons  o f  becom ing  a  doc to r .  I  can ’ t  r ea l l y

r emembe r  how  a l l  t ha t  changed  bu t  I  became  good

a t  d i agnos i ng  peop le s  phones  and  cou ld  do  some

s imp le  ma in tenance  and  con f i gu r a t i ons . I  d idn ’ t  use

a  phone  un t i l  a f t e r  seconda r y  schoo l  (Nok i a  o ld )

sha r i ng  wi th  my  e lde r  s i s t e r .  Fas t  f o rwa rd  t o  H igh

schoo l ,  I  came  ac ros s  one  o f  my  cous i n s  t ha t  had  a

compu te r  and  was  p rog ramming ,  r i gh t  t he r e  i t  l i t  t he

spa r k .  I  d idn ’ t  have  r e sou rces  t o  l e a rn  abou t  t hose

so  I  began  r ead ing  some  no tes  he  gave  me  and

you ’ l l  f i nd  me  wr i t i ng  code  on  a  shee t  o f  pape r .
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Towa rds  t he  end  o f  t he  l a s t  academ ic  yea r ,  we  were

asked  t o  app l y  f o r  a  one -mon th  p lus  i n t e rn sh ip

anywhe re  we ’d  l o ve  t o  go .  A l t hough  t he  schoo l  had

some  sugges t i ons ,  I  sen t  my  app l i c a t i on  wi th  a l l  t he

r equ i r emen t s  (Schoo l  ce r t i f i c a t e s ,  a t t e s t a t i on  and

o the r s ,  wh ich  va r i e s )  t o  NGT  L td  (New  Gene ra t i ons

Techno logy ) .  NGT  i s  a  t ech  s t a r t up  t ha t  dea l s  wi th

so f twa re  and  ha rdwa re  so l u t i ons  and  a re  ge t t i ng

deepe r  i n t o  I oT . S t a r t i ng  i n t e rn sh ip ,  my  supe r v i so r

t ook  me  f o r  a  l i t t l e  o r i en t a t i on  on  some  bas i c  t h i ngs

l i k e  how  t o  use  S l ack ,  T re l l o  and  some  o the r  t oo l s

(Tha t ’ s  bas i ca l l y  wha t  t hey  do  f o r  a l l  i n t e rn s  on

the i r  f i r s t  day ) .  I  was  ass i gned  a  p ro j ec t  t o  r e sea r ch

and  imp l emen t  “Remo te  v ideo  s t r eam ing  i n  Robo t i c

Sys t ems ” .

 

Week l y  ac t i v i t i e s  go  l i k e  t h i s :  - -  You  have  TODO

tasks  wi th  da te l i ne s  b roken  down  f o r  you  by  t he

supe r v i so r  on  T re l l o .  You  dec ide  on  how  t o  go

abou t  wh ich  bu t  mak ing  su re  you  a lways  keep  you r

Back log  ca rd  c l ean  and  vo id  o f  any  ove rdue  t a s k s . I

s t a r t ed  up  by  r ead ing  l o t s  o f  pub l i ca t i ons  and

wr i t i ng  summar i e s ,  p rob l em  s t a t emen t s ,  f r om  t hem .  I

l a t e r  deve loped  t he  bes t  case  so l u t i on  based  on

wha t  so  eve r  advan t ages .  Eve r y  F r i days  a l l  i n t e rn  do

a  p resen t a t i on  on  t he i r  ac t i v i t i e s  o f  t he  week .By  t he

end  o f  my  i n t e rn sh ip ,  I  deve loped  and  imp l emen ted

a  method  t ha t  can  be  used  t o  cap tu re  v ideo  s t r eams

f r om  a  webcam  connec ted  t o  a  sy s t em  no  mat t e r  t he

numbe r  o f  came ras  on  i t  and  t hen  i t  can  be

accessed  r emo te l y  and  v i ewed  on  a  web  page .  A l so

l ea rn t  how  t o  r ead  and  wr i t e  much .

To  eve r yone ,  I ’d  adv i se  you ,  know  you r se l f  and

you r  se l f -wor th .  I ’ve  been  i n  a  pos i t i on  t ha t  I

f i nd  myse l f  do ing  a  l o t  o f  t h i ngs  t h i nk i ng  I ’m

work i ng  ha rd .  I t ’ s  no t  abou t  t he  ha rd  work .

Know  wha t  you  can  and  can ’ t  do ,  know  wha t

you  wan t  and  don ’ t  f o r ce  you r se l f  t o  change

based  on  an  ex t e rna l  f a c to r  o r  some th i ng  t ha t

makes  you  go  ou t  o f  you r  pane l  un l e s s  i t ’ s

wo r th  i t  o r  you  wan t  i t . I ’ve  been  l e a rn i ng  abou t

myse l f  and  be l i e ve  me ,  i t ’ s  no t  a l l  s imp le  t o

know  wha t  wi l l  o r  won ’ t  work  f o r  you .  I  spend

t ime  ga in i ng  sk i l l s  based  on  i f  i t ’ s  needed  a t  t he

momen t .

 

One  o f  t he  bes t  ways  o f  go ing  abou t  t ha t  i s

t h rough  exposu re ;  expose  you r se l f  t o  t he  t h i ngs

you  wish  t o  know  and  l e a rn  t hem .  The  peop le

you  f i nd  i n t e r e s t i ng  o r  i n f l uenc ing ,  ge t  a round

them  and  keep  an  open  mind .  Don ’ t  f o rge t  he lp

can  come  f r om  any  d i r ec t i on .  A l so ,  r e sou rces

a re  j u s t  an  add i t i on  t o  push  someone  f o rwa rd ,

you  can  a lways  s t i l l  do  you r  bes t  wi thou t  i t .

On  one  s i de  I ' l l  wr i t e  t he  code  and  on  t he  o the r  s i de

the  ou tpu t  based  on  wha t  I  t hough t  i t  can  poss i b l y

g i ve .  A f t e r  H igh  schoo l ,  I  go t  my  f i r s t  And ro id  (Can ’ t

r ea l l y  r emembe r  t he  specs  bu t  i t  was  p re t t y  much

low ) .  I  upg raded  a  l i t t l e  wi th  my  l e a rn i ng  and  was

ab l e  t o  use  t he  i n t e rne t  when  I  bough t  a  da ta

bund le  and  began  wr i t i ng  C  code  wi th  my  phone .

(Guess  I  f o rgo t  t o  men t i on  I  d idn ’ t  t a ke  any

compu te r  c l a s ses  i n  seconda r y  o r  h igh  schoo l  o r

anywhe re  e l se .

 

I  go t  adm i s s i on  i n t o  t he  co l l ege  t o  s tudy  med ic i ne ,

bu t  I  d i t ched  i t  f o r  wha t  I  r ea l l y  wan ted ,  t ha t  was  i n

2016 .  Then  came  t he  c r i s e s  i n  my  coun t r y  wi th  no

schoo l  and  a f t e r  3  yea r s ,  I  wro te  t he  en t r ance  t o

s t udy  compu te r  and  go t  i n .  I  s t a r t ed  wi thou t  any  PC

and  was  on l y  ab l e  t o  buy  one  r ecen t l y . Th i s  s to r y

may  be  mixed  up  bu t  t ha t ’ s  i t  f o r  wha t  I  go t .

My Internship:
Where, How, &
What

Conclusion

Cameroon

Cameroon, on the
Gulf of Guinea, is a
Central African
country of varied
terrain and wildlife.
Its inland capital,
Yaoundé, and its
biggest city, the
seaport Douala,
are transit points
to ecotourism sites
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stadiumsthe architecture of

written by Curtis Leung

Have you ever wondered how
big buildings, like stadiums, are
built? There is no definitive
answer. Every building is
different. The ways to create a
structure are endless and the
end product never comes out
identical. Architecture is the art
and science of designing and
constructing buildings or
structures. Architecture also
requires meticulous planning,
lots of sketches, and testing.
The practice of architecture
dates all the way back to 2600
BCE when the ancient
Egyptians built the pyramids.
Every pyramid was planned
carefully before the Egyptians
started building these
marvelous wonders that still
amaze historians.
 
As humankind has gotten more
advanced, so has architecture.
Nowadays, buildings that used
to take twenty years to
construct only takes one year,
and modern architecture
boasts technology the world
has never seen.

One type of architecture that is
sometimes overlooked is the
sporting arenas and sports
stadiums, designed to hold
thousands of people at a time.
One of the first arenas built is
the famous Colosseum in
Rome. Built in 70 AD as a gift
to the Romans, it was used for
entertainment, holding
gladiator battles and plays. The
Colosseum could hold around
50,000 people in its oval-
shaped seating. It is the reason
most football stadiums are built
in an oval shape, inspiring
stadium designs to this day
with its one-of-a-kind design.
 
Modern stadiums fascinate
many people. Some of of the
most impressive stadiums are
baseball stadiums. Every
ballpark is fascinating in its
own way. Some are famous for
their rich history or iconic
features while others show off
the newest technology. Home
to the Boston Red Sox,
Fenway Park was built in 1912
and is the oldest sports venue

in the US. An iconic element of
Fenway Park is its left-field
wall, the Green Monster.
Unlike any other wall, it stands
37 feet tall and is a popular
target for batters.
 
Another iconic ballpark is
Wrigley Field in Chicago.
Wrigley Field opened in 1912
and houses the Chicago Cubs.
It is most famous for its ivy-
covered outfield walls and also
has the last remaining manual
scoreboard. Located above
centerfield, the 25 feet by 75
feet scoreboard is run by
workers who hustle up and
down the enormous
scoreboard constantly to
change the scores.

One type of
architecture that

is sometimes
overlooked is the
sporting arenas

and sports
stadiums...
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THE TECH AT LEVI'S
STADIUM

a closer look inside one of the most

technologically-advanced stadiums

by: ein hong

The 49ers STEM Leadership Institute

(49ers SLI) provides multi-year, year-

round academic support, STEM

enrichment, skills training, and

leadership opportunities to students in

middle and high school. Students, who

are with the program for six years from

7th through 12th grade, commit

annually to 300+ hours of program

learning time in addition to their typical

school hours. By cultivating student

mastery in STEM subjects and in key skill

areas, the program prepares students for

college and empowers them to pursue

their passions; so that they may become

the well-rounded leaders of the future.

The 49ers STEM Leadership Institute is

made possible by the strong partnership

between Silicon Valley Education

Foundation, 49ers Foundation, Chevron,

and the Santa Clara Unified School

District.

12,000
physical network ports

400
miles of fiber optic cable

1,300
wi-fi access points

2,000
IPTV-connected

televisions

10
4K video cameras

1

help fans order food from their seat

track the length of bathroom lines

accompanying

smartphone app

ABOUT

THE 49ERS FOUNDATION
HARNESSES FOOTBALL TO
EDUCATE AND EMPOWER

BAY AREA YOUTH
THROUGH COLLECTIVE

INNOVATIVE AND
COMMUNITY-FOCUSED

STRATEGIES.
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A more recent famous baseball
stadium is Yankee Stadium in
Bronx, New York. Yankee
Stadium is the second biggest
ballpark and was built in 2009.
The cost of construction was a
whopping 2.1 billion dollars,
making it the most expensive
ballpark ever. Its modern and
sleek design makes it a favorite
of many.
 
Another unique component of
ballparks is its amazing
locations. Oracle Park, located
in San Francisco, is built right
next to the San Francisco Bay.
On clear days, the views from
the top of Oracle Park are truly
spectacular and breathtaking.
Newer ballparks don’t have a
rich culture like others but
make up for it with modern
technology, such as retractable
roofs. Currently, there are six
ballparks that have retractable
roofs. These shelters are great
for controlling the weather
conditions for sports teams.
Some of the craziest games
have been played in extreme 

weather and retractable roofs
are also great for attracting
fans who want to be amazed
in person. Considering the
area of the roof and the
structures required to hold it in
place, the architecture of these
canopies is awe-inspiring.
 
All of the retractable roofs in
the stadiums are in the shape
of a rectangle. They slide in
one straight line to cover the
field. However, one of the
newest stadiums built has an
intriguing circular shape for
their retractable roof. The
Mercedes-Benz Stadium in
Atlanta, Georgia, hosts the
Atlanta Falcons and has a
retractable roof that opens up
a circular hole using eight
“petals”. The stadium opened
in 2017 and features the roof
as a signature element,
proving that the technology of
the newer NFL stadiums is
getting better and better along
with the architecture.
 
Levi’s Stadium, built in the 

heart of Silicon Valley, cost 1.3
billion dollars for construction
and was built in 2014. One
feature of the stadium is its
energy sustainability. It has
solar panels on some parts of
the stadium, a garden terrace,
and a build-in recycled water
system used for field irrigation
and toilet flushing. This
recycled water system was in
response to California’s recent
drought, which lasted for 7
years. This water makes up
85% of the water used in
Levi’s stadium. These
sustainable changes made to
Levi’s Stadium help solidify the
place as the greenest stadium
in the country.
 
Architecture is truly one of
man’s greatest achievements.
Using our expanding
knowledge of structures and
creativity, astounding buildings
are built that amaze us every
day and show that architecture
is an ever-expanding field,
even in something as simple
as a sports stadium.
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ABOUT
The AstroBruins Robotics Team (13217) is based at the
Santa Clara High School,  California. Our mission is to
create an inclusive, diverse, world-class team that is
able to cooperate eff iciently and productively to make
an innovative, top of the l ine robot.  We are a small  but
highly eff icient team of nine members. In this season,
the team has built  an exceptional robot that won the
Inspire award in the very f irst competition the team
attended!
 
HOW WE CAN HELP
We offer online mentoring for rookie/junior FTC teams
 
WHY
We hope to use the opportunities presented to us by
FIRST  to the ful lest extent and inspire fel low students
with similar interests.  FTC was init ial ly a chance to try
something new and different and we hope to inspire
others to do the same.

9
highschoolers

3000+
hours of enrichment

1
robot

It’s way more than building robots. FIRST Tech Challenge teams (up to 15 team members, grades 7-
12) are challenged to design, build, program, and operate robots to compete in a head-to-head

challenge in an alliance format.Guided by adult coaches and mentors, students develop STEM skills
and practice engineering principles, while realizing the value of hard work, innovation, and

working as a team. Each season concludes with regional championship events and an exciting
FIRST Championship. More information at: www.firstinspires.org
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Who Are the
Astrobruins?

ASTROBRUINS ROBOTICS EDUCATION

@schsastrobruins

@SCHSAstroBruins

astrobruins.com



ROBOTICS FUN
Learn more about robots!

F T C  T E AM  A S T RO B RU I N S

www .astrobruins .com robotics  education

DEEP LEARNING

A form of machine learning that

uses neural networks with many

layers

ARTIFICIAL

INTELLIGENT SYSTEM

System which carries out a wide

range of tasks with human like

ability

NEURAL NETWORKS

Software circuit loosely based on

the structure of the brain

REINFORCEMENT

LEARNING
training  Neural Network by giving it

a positive or negative rewards for its

actions.

SUPERVISED LEARNING
training using data that has been

labelled.

SERVICE ROBOTS
Robots that help perform jobs in

hospitals, homes, offices, gardens

etc. A good example is the

“Roomba”

DEGREE OF FREEDOM
Each direction in which a Robot arm

moves is called a Degree of Freedom

or DOF. Robots with several joints

have more degrees of freedom.
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EV3 ROBOT KIT
The kit for students to learn from

the Lego Mindstorm series of

Learning systems

ROBOT COMPETITIONS

AND BATTLE BOTS
Competitions designed to test out

certain Robot skills as well as

programmer skills in building and

programming the Robot to do

specific tasks in a certain time

UAV
Unmanned Aerial Vehicles used by

security forces for surveillance

CYBORG
Someone who is part human and

part machine

PNEUMATICS
A system that uses compressed air

to move something

SURGICAL OR MEDICAL

ROBOTS
Robots that assist surgeons with

microsurgery

SENSOR
A device inside or connected to the

Robot that collects information

about the robot or the surrounding

NANOBOTS
incredibly tiny robots that can be

made in future with

Nanotechnology

www .astrobruins .com robotics  education
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Korean 

Architecture

Breathing with

Nature

By,

Ben Jackson

Robert Koehler

This book offers an introduction to Korea's

abundant and unique architectural past and

present, combining explanations of the

principles behind Korean architecture with

introductions to some of the country's finest

buildings and structures.. It explains some of

the ideologies and perspectives that form the

foundation of Korean architectural tradition

and outlines the history of Korean architecture,

from the first architectural traces of dugouts

and lean-tos to the increasingly sophisticated

wooden frames and technologies.

Korean
Architecture 
Embracing the New and Old

Korea, a peninsula on the coast of East

Asia, is a country known for many things

—the tech giant Samsung, its prevailing

beauty industry, a vast K-pop culture.

However, less known is the nation’s rich

history and architectural background,

dating back to the early Neolithic period.

During this era, Korean architecture was

heavily influenced by the intricacies of

nature and, to a lesser extent, Chinese

culture. However, the outbreak of the

Korean War in 1950 devastated the

country, killing millions and destroying

many of its architectural feats. For the next

twenty years, the nation was one of the

poorest in the world, and architecture

became focused primarily on practicality,

not aesthetics. Only after the 1970s did he

economic situation drastically improve

and make way for Korea’s modern

architectural period, which saw many

achievements such as the Lotte World

Tower, the sixth tallest building in the

world. Today, South Korea is a bustling 

Written by Gina Choi



nation with the 14th largest economy and

dazzling buildings. But above all, it is a

nation with a rich history and equally

fascinating architecture that reflects its

evolution.

 

In the early stages of Korean history, nature

and Chinese culture were predominant in

daily life. Consequently, these themes were

reflected in their architecture, exemplified

by their quiet temples placed all across the

country. To achieve true harmony, the

Koreans believed that their natural

surroundings were of utmost importance,

and as such, these architectural locations

were carefully selected based on their

scenery. Ancient Korean homes, on the other

hand, were distinctive for their elegant

combination of wood and stone, curved tile

rooftops, and innovative heated floors. In

addition, they implemented several

mathematical concepts to create a convex

swelling of the columns and an angular slant

to the posts to create the illusion of curved

lines. For centuries, Korean architecture

flourished, with a particular fondness for

practically, harmony, and elegance.

 

In the twentieth century, the onset of the

Korean war killed millions and demolished

centuries worth of architecture. In the 1950s,

Korea was one of the most impoverished

nations in the world, and the primary focus

of its citizens was to rebuild their country.

Therefore, Korean architecture during this

period was inadequate and strictly focused

on practicality.

In the 1960s, the launch of economic plans,

combined with foreign assistance from

many organizations such as the Peace

Corps, helped cultivate an economic

miracle within a mere generation. The

peak of this newfound success was the

1988 Seoul Olympics, where sports

complexes were designed to emphasize

lavishness rather than the bare practicality

that heavily characterized Korean

architecture prior. Afterwards, architecture

in Korea rapidly modernized, with city

halls, museums, and cultural centers

modeled after Western trends. The large

influx of foreign retail stores and cafes also

played a heavy role in the growth of

architecture in Korea.

 

Today, half of the Korean population lives

in Seoul, the capital, where statuesque

skyscrapers surround the Han River and

the scenery closely resembles that of New

York. However, within the landscape of

fashion boutiques and luxury cuisine, lay

cultural barbecue restaurants and local

stores that embrace the nation’s humble

roots. Indeed, Korean architecture, as a

result of their intricate woven history,

embraces the new while honoring the old.
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Did you know?
Korea's 'Hanoks' display

acoustic excellence



 The Smart-Hanok
Project

By JongHun Baek & DoYeon Kang

     At the start of this project, we wanted to model it

after a common, traditional Korean house, but we

observed that school buildings around us were

constructed in Western way. In fact, almost every school

in Korea is like this, so we started to build an old school

structure to reconnect with the traditional architecture

technology.The Smart-Hanok model is a combination of

traditional architecture and modern IoT (Internet of

Things) technology. Unlike western-style buildings, the

basic frame is constructed without any nails or glue, only

traditional fitting methods. The Smart-Hanok features a

window cover for the door, allowing light to enter the

house during the day and humidity to be controlled. The

eaves have variable lengths, so the amount of sunlight

let in can be adjusted according to the season. Modern

technology installed includes a Bluetooth connection

between an Arduino and the Hanok control app, which

enables control of fine dust concentration levels, a

temperature and humidity read-out, remote door

opening and closing, LEDs, and an automatic door

closing system triggered by flame and rainwater sensors.

What is the Smart-Hanok

Project?

The eaves are able to control the sunlight

through the changing of the seasons. For

instance, the sun rises high and hot in the

summer, so the long eaves work as shade. In

contrast, since sun stays lower in the winter,

the eaves do not prevent sunlight from

entering the room. As such, through how the

sunshine is controlled, there is an indirect

heating and cooling effect. 

The main material of the Hanok is wood.

Typically, we use glue or nails to build a

house, but when we build a Hanok, it’s said

to be green enough to completely return to

nature over time if not used.

Length of Eaves

Eco-Friendly
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Process of Making a

Smart-Hanok

     Obtaining schematics and drawings in

order to replicate our project to be as close

to real life as possible, we visited Dosan

Seowon and made various measurements.

Like any traditional Korean house, almost

every part and component was processed

and made by hand. It was a little difficult to

find the actual exact measurement

documents, but through the documents

obtained by the Cultural Heritage

Administration, we were able to understand

the figures and various structure drawings.

(The inspection report of this entire structure

was carried out by the Cultural Heritage

Administration. Link to the Cultural Heritage

Administration:

www.cha.go.kr/cha/idx/Index.do?mn=NS_01)

Completing the

Foundation
In addition to being made entirely without

adhesives, the interior was emptied to

conserve space for further Arduino device

installation.

Assembly of the

Daecheong Maru

     The Daecheong Maru is the floor of the

main hall. As with the other parts, it was

produced using only the traditional method.

Each joint was fixed using wood plates.

 

     Foundation work on traditional wooden

frames and roofs. This part is where the

column and roof began to be built. It took

quite a long time to cut each column.

Perhaps due to our lack of technique at that

time, our chisels sustained heavy damage

during this process.

1

2

3

4
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Traditional Wood

Combination Methods

Used in Hanok

It is mainly used at

the corners of the

pillars of Hanok, and

it is used to join two

corners with a

circular cross

section.

This is a method of

making the ends

chamfer to match

the face. It looks

similar to the tern

but has an angle in

only one direction.

It has the strongest

and strongest

structure among the

custom fitting

methods and forms

the basic skeletal

structure of Hanok.

The advantage of the

structure is very

simple.

This is a method of

making the mitten

look similar to the

shape of the swallow

nib. Mainly used for

centrally installed

lintels.

“...A combination of traditional

architecture and modern IoT

technology.”

Assembling the Eaves for

the Roof and the Chu-

nyeo (Angle Rafter)

This is the frame of the roof that goes into

the upper part of the foundation. It was very

difficult to recreate the curvature of the

eaves, but it was successfully completed

through trial and error.

Installation of Various

Arduino Sensors and

Motors
For IoT incorporation, we installed

temperature, humidity, and fine dust

concentration calibration sensors, as well as

automated doors. The measured values are

displayed on an LCD monitor and the Hanok

control app.

Royal

Alignment

Miter

Personalized

Swallow 

Head

South Korea

www.stematix.org46



citations
STEMATIX

A quick recap of the main ideas in this issue...
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Plexiglass LED Guitar
Architecture

I N  C O L L A B O R A T I O N  W I T H  F A B  L A B  R E Y K J A V Í K

Original Design and Pictures by: Birkir Þór

In this project, I wanted to make a guitar with an
integrated electronic system. The first thing I did
to design the guitar was to find a scale length. I
went to Stewmac.com and found a list of
common scale lengths. I decided to go with the
Paul Reed Smith, which has 24 frets and a scale
length of 635 mm (25 inches). A guitar’s scale
length is calculated by measuring the distance
from the front edge of the nut, where it butts
against the end of the fingerboard, to the center
of the 12th (octave) fret, then doubling that
measurement. I then used the Fret Calculator on
Stewmac to calculate the fret position, and used
Inkscape to draw the frets  in the right

proportions.
 
I wrote the numbers I got from the fret position
calculator and set the guidelines where each
fret is located. I also designed a guitar body and
headstock in Inkscape and put them together to
get some idea what I was going to do. Then I
saved the file as an SVG and opened it in Fusion
360, where I changed the shapes and improved
them. I measured holes for the tuning pegs that
I would drill manually, and I made big space
behind the guitar for all electronic systems. I
also added pockets where the trussrod and
LEDs would go in.
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The wood I used for the guitar was adler and pine. The
adler is for the body and the pine for the neck. The pine
is not a good wood for a neck because it will probably
bend, but I have an ebony fingerboard that will keep it
from bending as much. I saved the guitar as an STL file
from Fusion360 and opened it in Inkscape and prepared
it for VCarve Pro. I did the same for the fretboard, which I
was going to laser cut and then mill using a ShopBot.
 
After I sanded the guitar I painted it with interior and
then matt black, and the fretboard with a special black
ink for fretboards from Stewmac. I painted the neck dark
purple just for fun. I made a laser cut Plexiglass cover
which I painted black also and went behind the guitar.
Then I put the trussrod in the neck and glued the
fretboard onto it. I made the nut out of antler. It was my
first time making it, which I made by hand. I sanded it
first with the machine and then by hand. The nut fit
perfectly.
 
I performed a little test with 5 mm plexiglass to see how
the lines would light up from the LED lights. The
plexiglass will be on top of the guitar with an engraved
image on which the LEDs will light up. The LEDs will be
RGB, so that they can change color. I designed the circuit
boards to control the LEDs, and made a cable for the
LEDs, which I soldered onto the small board. Next, I
made a touchpad test with Sparkfun Kit and Arduino
code. When I touch the touchpad copper the LEDs turn
on, and when I touch again it turns off.
 
The last component I put was frets on the guitar. I had
laser cut the frets before but it didn’t go deep enough, so
I sawed the fret spaces with a special saw. Then, I put the
frets in right places and hammered them in. Making this
guitar with integrated electronic system as my final
project has been very educational for me, and I have
enjoyed doing very much. Though not everything
worked like I had hoped, I will continue to find a solution
to the problems. I will continue this project and develop
it, obtaining more knowledge in electronics to expand
my horizon and to be able to create more things by
myself.
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Flora S.
Postdoctoral scholar
Stanford University

Is there a “math brain” which
determines the acquisition of
math and science at school?
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In order to better understand why some people struggle with math, it is necessary to

understand what generally contributes to math achievement. 

Firstly, family support, and parent-child interactions specifically, turn out to be

central to math achievement. The acquisition of number concepts in preschool is

facilitated by the frequency of parent-child conversations about numbers. Simply

emphasizing number information at home, for example by asking “how many

candies are there in this bag?”, or “which puppet do you prefer, the first one, the

second one, or the third one?”, strengthens early math knowledge in young children.

Another well-documented fact is that socio-economic status has a strong influence

on achievement in math, and more generally in STEM. Children and adolescents

from underprivileged backgrounds have a higher risk of developing difficulties in

math. 

 

Secondly, differences in math learning may also be explained by motivation to learn,

which greatly influences how much information is remembered and how long it is

remembered. Poor motivation, or even anxiety, does not help or even prevents

adequate memorization and learning. Some children or adolescents may specifically

show math anxiety, which consists of feeling negative emotions and stress in

situations involving manipulation and reasoning about numbers in a wide variety of

academic and life situations. In girls, math anxiety is even higher because of the fear

of confirming the stereotype that girls are less good at math than boys. Lastly,

another critical factor influencing achievement in math is cognition. Cognition

includes language, attention, decision-making, reasoning, and many other processes

happening in our mind, which enable us to understand the world around us and act

on it. 
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Do you remember a time when you were stuck in front of a math formula for hours,

trying to understand it? If this is the case, you might also remember feeling jealous

about the person sitting next to you in the class who understood the math formula

right away. How come people of the same age, with the same academic

background, and following the same math lesson, can show such a difference in the

way they learn math? What if something in the brain can explain why some people

really struggle to learn math, while others seem to do so effortlessly?

What are the factors influencing math learning?



 

For some people, difficulties learning math can be caused by deficits in cognition.

This is the case in people who have a learning disability called math learning

disability. Despite normal schooling, adequate family support, and average

intelligence, some children might have cognitive deficits that slow down math

learning or sometimes prevent the acquisition of some math knowledge. This factor

is of particular interest to neuroscientists. Over the last 20 years, scientific studies

have shed light on a variety of mental processes that may be impaired in children

with math learning disability. 

How to study the cognitive processes involved
in math learning?
How do scientists investigate how the brain learns math? Several brain imaging

techniques enable scientists to study the brain and compare brain processes in

people with different levels of math skill. One of these techniques is used by

thousands of researchers worldwide. It is called MRI, which stands for Magnetic

Resonance Imaging. The MRI machine is essentially a giant tube with a camera.

Subjects lay down in the tube and the MRI machine takes black and white

“pictures” of their brains. Importantly, it is a very safe and non-invasive technique.

MRI is used to study both the structure and the functions of the brain. To some

extent, the brain can be thought of as a muscle. The more people use their

muscles, the stronger their muscles become. This same principle applies to the

brain. The more people use a part of the brain, the more developed it becomes.

Thus, MRI can help determine how much a part of the brain is used. Also, during

physical activity, muscles need energy to keep functioning. Energy is provided by

the blood (specifically, by the oxygen contained in the blood). The more active a

given muscle is, the more oxygen it will need. 

 

Similarly, the more active a part of the brain is, the more oxygen it will need.

Oxygen concentration will change during a mental effort such as arithmetic. Using

a more specific technique called functional MRI (fMRI), we can indirectly track

changes in oxygen concentration in the brain over time, and thus determine how

much a part of the brain has been working during a certain mental task. By

repeating the same MRI experiment on different people with different levels of

math skill, it is therefore possible to determine whether math skill is related to how 
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What has brain imaging taught us about how
the brain learns math?
Have brain imaging studies clearly linked brain anomalies to difficulties in

learning math? By comparing brain activity and brain structure between

participants who show difficulties with math and participants who do not show

any particular difficulty with math, researchers found several types of anomalies.

Firstly, a brain region that is involved in processing numerical quantities (in the

form of objects, dots on a screen, or Arabic numerals) showed a slightly smaller

volume in participants with low math abilities.  Secondly, children with math

learning disabilities showed less activity not only in the brain region involved in

the processing of numerical quantities, but also in other brain regions important

for memory and attention. Finally, several brain regions were less connected to

each other in participants with math learning disability. In other words, it is now

clear that the ability to learn math is not dependent on a single part of the brain,

but rather relies on a multitude of brain regions. 

 

It is not clear, however, how the brain anomalies observed in participants with

math learning disability happen. On the one hand, it is possible that part of the

brain processes important for math skill are determined before birth, and thus

anomalies affecting these processes might already be present at birth. On the

other hand, it is possible that the brain anomalies appear progressively as the

brain develops during childhood, and are therefore not observable until a certain

age. What might cause the brain to develop atypically in children with math

learning disability remains a big question that researchers are not yet ready to

answer. 

As a conclusion, there is no evidence that “math people” are born with a
“math brain”. However, scientists have now identified some brain mechanisms

that are not shaped properly and which do not function properly in people who

show persistent difficulties with math despite average intelligence and adequate

schooling. Future brain imaging experiments in different countries will provide

further insight into the brain processes that can predict the risk of having math

learning disability. Such knowledge is likely to help identify earlier on math

learning disability and better remediate math difficulties in affected children.

much a given part of the brain works. A possible explanation of math learning

disability is that a specific part of the brain that processes numerical information

is not “wired” properly, or does not work properly in some people, resulting in

difficulties to think about numbers from an early age.
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