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STEM

« STEM = Science, Technology,
Engineering, and Mathematics

e STEM is important term for:
* Educational policy
* |Immigration policy



Characteristics of the

English language
and its use in STEM fields
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Spelling

analyze, color analyse, colour

Pronunciation

aluminum, oxygen aluminium, oxygen

Terminology
scientific notation | standard form



Japanese-English Translations

1F

What is the equivalent word in English?

— WARNING -
accurate These words have

different meanings when
precise used in discussions about

scientific measurements!




High Precision, Low Precision,
High Accuracy High Accuracy
High Precision, Low Precision,

Low Accuracy Low Accuracy



Changes in society
and impacts on education



Japan Faces Demographic Crisis
Elderly will make up 40 percent of population
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National debt of important industrial and emerging countries in 2014 in
relation to gross domestic product (GDP)

Japan 245.05%

United States 105.62%

95.2%

France

United Kingdom 91.98%

Germany
Brazil
India
China 40.72%
Russia 15.7%
0% 25% 50% 75% 100% 125% 150% 175% 200% 225% 250% 275%

National debt in relation to gross domestic product (GDP)

Additional Information:
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Teaching resources



Available textbooks

For EAL/ESL/E2L students | For EAL/ESL/E2L students

Mathematics

Caroline Meyrick
Judy Roberts

| S .
Saema Kauser .
Sarah O'Donoghue |

o
>
n
o
e
o
~™
o
=
—
m
=
—
>
- <
o
=
>
=
(=)
o=
>
(=)
m
v
[
O
O
o
e
—

OXFORD

"g 140ddNS 39YNINYI ANV LN3LNOJ Q¥04X0

The Oxford Content and Language Support series

These textbooks are well organized and use simple language, but
the scientific content is sometimes overly simplified or incorrect.




Oxford Content and Language Support: Mathematics, page 27

2% Errors are shown in red below.

Facts about planets

The figures are given in standard form to 3 significant figures.

Planet Distance from the sun Diameter Mass
Mercury 5.79 X 107 km 4.88 X 10° km 3.30 X 10%2kg
Venus 1.08 X 108km 1.21 X 10% km 4.87 X 10%kg
Earth 1.50 X 108km 1.28 X 10* km 5.97 X 10**kg
Mars 2.28 X 108km 6.79 X 10° km 6.42 X 102kg
Jupiter 7.79 X 108km 1.44 X 10° km 1.90 X 10 kg
Saturn 1.43 X 10°km 1.20 X 10° km 5.68 X 10%°kg
Uranus 2.87 X 10°km 5.12 X 10* km 8.68 X 10¥kg
Neptune 4.50 X 10°km 4.95 X 10% km 1.02 X 10%°kg
5.91 X 10°km 2.27 X 10° km 127 x 102kg
............. Pluto is no longer a planet (since its reclassification in 2006). . .. ...
11 Use the table above to answer these d The planet nearest to the sun is Venus/
questions. Cross out the wrong word. Mercury.
e ismore/less HESNON G ) e The distance between Earth gnq Mezjcury/
Jupiter is 6.29 X 18— missing units

b Uranus/Pluto is the planet furthest
away from the sun.

¢ The planet with the largest/smallest
diameter is Jupiter.

f The mass of Jupiter is about 300 times
greater than that of Earth/Neptune.



Available textbooks
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mathematlcs fo 7th grade mathematlcs for8th grade mathemat ics for9th grade

The SHIN-CHU-MON series of mathematics textbooks

High-quality English translations of the well-known Japanese series
of mathematics textbooks for junior high school students.




Available textbooks

The SHIN-CHU-MON, Mathematics for 8" Grade

English edition, page 152. Japanese edition, page 152.
€complements P Functions and figures 0 e € RaLEEIH 0

——(1] The shortest distance

— (1 R
[Question | Two points A(—1, 3) and B(4, 2) are given in the figure on the right. A-1,3)7 EOEDES I, 2 5A(—1, 3), B4, 2) #d 5. x il P
When you construct point P on the x-axis so that the length of AP+PB is the : FICAPEEY, AP+PBDEASBEICEBES CLEE X w 2)
( S:Iuc:i::sJt pgzzlsbtlreuzn::;r;tﬂ:’ st:et:;ozl:::iez?;: symmetrical with respect to PMFORREROL; [ x
. B BAE OV THEERMEA T2 &, AP=AP 755 {0 P
the z-axis. Since AP=AP and so AP+PB=AP+PB, the length of e

, ; : 5, *+PB=AP+PB L % %, £ oT, APBH—H#HIZ
AP+PB is the shortest when A, P, and B are on one straight line. oy AREEB=APTEBZSL, L5, KEBU=M A¢

&%, APHPB O LA % 5,

Line A'B can be expressed as y=ax+b and it passes through A'(—1, —3) and B(4, 2), so & AP+PB O S 13l %

(—3=—a+b HMABORX%E y=ax+b 5L, A(—1, —3), B4, 2)%#iisz &b,

e Solve this to get =1 and b=—2, so y=z—2. —3=—q+b

(2=4a+b { ShEROT, a=1, b=—21V, y=z—2

Since the y-coordinate of point P is 0, substitute 0 in y=x—2 to get x=2. Therefore, the coordinates 2=da+b

of P are (2, 0). MPOy R0 722Hh 0, 2R, 0=0—2%bh, 2=2, £-T, P(2, 0)
2, 0) 2, 0)

Content on each page of the English edition matches that
on the corresponding page of the Japanese edition.

For more information about the SHIN-CHU-MON textbooks, please visit: http://kk-online.jp




Online resources

The SHIN-CHU-MON
Video Training Series

The videos review and explain

selected content in the English
editions of the textbooks using
easy-to-understand language,

graphics, and animations.

Sample videos are available on:

Example 1: The cuboid problem

The SHIN-CHU-MON, page 89
3(2) ‘

helght = i
=13em
length =4 ¢cm
el width = 10 cm
volume = length x width x height
4cmx 10 em % 13 em = 520 em?

140 A3 nud )
Difference between 520 em?= 520 em

height and width is: 13 em = 10 em =3 em (§
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Online resources

TEDEd

https://ed.ted.com/

ck

http://www.ck12.org/




Active learning
methodologies



Flipped Classroom

Content knowledge is gained at home
100% of instructional time is active learning
More one-on-one teacher/student time
More academic talk and vocabulary

Focused on the mastery of content



SOLO Taxomony



Levels of thinking

Not all thinking is the same.

About 80% of what teachers ask (spoken or written) can
be answered with lower-order thinking skills:

— by recall or remembering

— by simple handling of a restricted set of ideas,
data, knowledge

If we can develop students’ higher-order thinking skills
this will enhance their learning.



What is SOLO?

SOLO is an acronym that stands for...
Structure of Observed Learning Outcomes

* Developed by Biggs and Collis (1982)

 SOLO is a hierarchical framework that shows increasing
guantity and quality of thinking.

 SOLO allows teachers and learners to ask deeper
guestions that test true understanding.



The 5 levels of the SOLO Taxonomy

e Prestructural — students have no idea nor any
understanding about the topic.

e Unistructural — students have one idea about the topic.

e Multistructural — students have a number of ideas about
the topic, but no understanding of how those ideas are
connected.

e Relational — students have several ideas about the topic,
and begin to understand how those ideas are related.

e Extended abstract — students can make connections
beyond the scope of the problem or question,and can
generalize or transfer learning to a new situation.



Surface and deep thinking

Unistructural and multistructural questions test students’
surface thinking (lower-order thinking skills)

Relational and extended abstract questions test deep
thinking (higher-order thinking skills)

Using SOLO allows us to balance the cognitive demand of
the questions we ask and to scaffold students into deeper
thinking and metacognition



Describing the levels of SOLO

In the diagram below the symbols shown represent:

Irrelevant or not given

information is shown as — X \
Given facts, ideas, information

are shown by — black dots  }.

The student is represented b @
the triangle

The response or given answer to
the question is shown by the — R

Relevant information not giveM

the question is shown by — O _ _ _
This key is used in each

of the following slides

/XK




Unistructural questions

To answer the question

X
the student needs: X
X
knowledge or use of e
one piece of given A— g
information, fact, or :
idea, that she can get —

directly from the
problem.



Unistructural question

A year that contains 29 days in February is a

a) frog year
b) jump year

c) leap year

d) long year



Multistructural questions

To answer the question the
student needs:

-

d

knowledge or use of more A
than one piece of given e R
P g T
»

information, fact, or idea.

However, the ideas are not -
integrated.

This is fundamentally an unsorted, unorganised list.



Multistructural question

Which of the following years contained 29 days

in February?

a) 1200
b) 1600
c) 1850
d) 1900

To successfully answer this question
the student must know two things:

1. The algorithm for determining
leap years

2. The history of that algorithm
(i.e., when it was initiated).



Relational questions

To answer the question the
student needs:

to integrate more than one
piece of information, fact, or
idea.

At least two separate ideas
are required, that working
together, will solve the
problem.



Relational question

Describe the relationship between the earth’s

movement and the algorithm used to calculate
leap years.

To successfully answer this question the student
must know two things:

1. The algorithm for determining leap years

2. The relation between the Earth’s rotational
movement and its movement around the sun.

AND the student must understand the relationship
between these two things.



Extended abstract questions

These questions involve a
higher level of abstraction.
They require the student —
to go beyond the given
information, knowledge,
or ideas and to deduce a
more general rule or proof
that applies to all cases.
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Extended abstract question

Planet X rotates about its axis 823.451 times
during each full revolution around its host star.
The leader of the alien race living on Planet X
asks you to create a leap year algorithm that
will ensure that the calendar used on Planet X
will not drift more than one day during each
10,000-year period.

Create the algorithm.



How to create “deeper” questions

Take a unistructural question
— ask for a list of 2 or more things

=» multistructural question

Put the list of things into the question
— ask what they have in common
=» relational question

Ask what class of event, situation, or rule applies.
— generate list of possible wrong answers to go with
correct answer to create a multi-choice question
=» extended abstract question



Algebra: Number Patterns

_ NN\ Houses |1 |2 |3
Given: | Sticks |5 |9

How many sticks are needed for 3 houses? (unistructural)

How many sticks are there for 5 houses? (multistructural)

If 52 houses require 209 sticks, how many sticks do you need to
be able to make 53 houses? (relational)

Make up a rule to count how many sticks are needed for any
number of houses. (extended abstract)



Group Work:

Use the SOLO Taxomony to
describe various levels of
understanding of an important
scientific concept



Task 1:

In your scientific area, select a unistructural
guestion and then transform it into a...

< Multistructural question
< Relational question

< Extended abstract question



Some things to think about

Response versus requirement

— A question must be phrased in such a way as to gain
the type of response required.

Deep thinking and difficulty

— Questions that are hard and require long responses do
not necessarily require students to think deeply

Deep thinking and learning

— Deep thinking can be a given if it becomes a learned
response

— Today’s extended abstract question can become
tomorrow’s relational question



In summary...

* SOLO is a true hierarchic taxonomy —
increasing in quantity and quality of thought

* SOLO is a powerful tool in differentiating
curriculum and providing cognitive challenge

* SOLO allows teachers and learners to ask
deeper questions without creating new ones

* SOLO is a powerful metacognitive tool
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International opportunities
for students to conduct and
present research



Google
Science
Fair

https://www.googlesciencefair.com/en/




BREAKTHROUGH
JUNIOR

https://breakthroughjuniorchallenge.org/




Comments from students
who have participated in
English immersion lessons

(planned and presented by Ei-Com, LLP)
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Ei-Com, LLP wishes to thank the Math and Science Teachers’
Study Group of the Tokyo Association of Private Junior and
Senior High Schools for organizing this event.

If you have any questions or comments about the information

presented in these slides, please send an email to:

support@ei-com.net

Thank you very much!



