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  of	
  Globaliza0on	
  

How	
  to	
  teach	
  science	
  
in	
  English	
  

	
  



STEM

•  STEM	
  =	
  Science,	
  Technology,	
  
Engineering,	
  and	
  MathemaEcs	
  

	
  
•  STEM	
  is	
  important	
  term	
  for:	
  

•  EducaEonal	
  policy	
  
•  ImmigraEon	
  policy	
  



CharacterisEcs	
  of	
  the	
  
English	
  language	
  

and	
  its	
  use	
  in	
  STEM	
  fields	
  



American	
  English	
   Bri0sh	
  English	
  

•  United	
  States	
  
•  US	
  territories	
  
•  Canada	
  

•  Philippines	
  
	
  

•  United	
  Kingdom	
  
•  Australia	
  
•  New	
  Zealand	
  

•  Hong	
  Kong	
  
•  Singapore	
  
	
  



American	
  English	
   Bri0sh	
  English	
  

Spelling	
  

Pronuncia0on	
  

Terminology	
  

analyze,	
  color	
   analyse,	
  colour	
  

aluminum,	
  oxygen	
   aluminium,	
  oxygen	
  

scienEfic	
  notaEon	
   standard	
  form	
  



正確	
  

Japanese-­‐English	
  TranslaEons	
  	
  

What	
  is	
  the	
  equivalent	
  word	
  in	
  English?	
  

accurate	
  

precise	
  

–	
  WARNING	
  –	
  
    These	
  words	
  have	
  
different	
  meanings	
  when	
  
used	
  in	
  discussions	
  about	
  
scienEfic	
  measurements!	
  



High	
  Precision,	
  
High	
  Accuracy	
  

Low	
  Precision,	
  
High	
  Accuracy	
  

High	
  Precision,	
  
Low	
  Accuracy	
  

Low	
  Precision,	
  
Low	
  Accuracy	
  



Changes	
  in	
  society	
  
and	
  impacts	
  on	
  educaEon	
  







Teaching	
  resources	
  



The	
  Oxford	
  Content	
  and	
  Language	
  Support	
  series	
  
These	
  textbooks	
  are	
  well	
  organized	
  and	
  use	
  simple	
  language,	
  but	
  
the	
  scienEfic	
  content	
  is	
  someEmes	
  overly	
  simplified	
  or	
  incorrect.	
  	
  

Available	
  textbooks	
  



Oxford	
  Content	
  and	
  Language	
  Support:	
  MathemaEcs,	
  page	
  27	
  

Pluto	
  is	
  no	
  longer	
  a	
  planet	
  (since	
  its	
  reclassificaEon	
  in	
  2006).	
  

more/less	
  massive	
  
missing	
  units	
  

※	
  Errors	
  are	
  shown	
  in	
  red	
  below.	
  



The	
  SHIN-­‐CHU-­‐MON	
  series	
  of	
  mathemaEcs	
  textbooks	
  
High-­‐quality	
  English	
  translaEons	
  of	
  the	
  well-­‐known	
  Japanese	
  series	
  
of	
  mathemaEcs	
  textbooks	
  for	
  junior	
  high	
  school	
  students.	
  

Available	
  textbooks	
  



Available	
  textbooks	
  
The	
  SHIN-­‐CHU-­‐MON,	
  Mathema;cs	
  for	
  8th	
  Grade	
  

Japanese	
  ediEon,	
  page	
  152.	
  English	
  ediEon,	
  page	
  152.	
  

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

For	
  more	
  informaEon	
  about	
  the	
  SHIN-­‐CHU-­‐MON	
  textbooks,	
  please	
  visit:	
  hap://kk-­‐online.jp	
  	
  



Online	
  resources	
  

SHIN-­‐CHU-­‐MON	
  

The	
  videos	
  review	
  and	
  explain	
  
selected	
  content	
  in	
  the	
  English	
  
ediEons	
  of	
  the	
  textbooks	
  using	
  
easy-­‐to-­‐understand	
  language,	
  
graphics,	
  and	
  animaEons.	
  	
  

The	
  SHIN-­‐CHU-­‐MON	
  
Video	
  Training	
  Series	
  

Sample	
  videos	
  are	
  available	
  on:	
  



haps://ed.ted.com/	
  

Online	
  resources	
  

hap://www.ck12.org/	
  



Ac0ve	
  learning	
  
methodologies	
  



Flipped	
  Classroom	
  

•  Content	
  knowledge	
  is	
  gained	
  at	
  home	
  

•  100%	
  of	
  instrucEonal	
  Eme	
  is	
  acEve	
  learning	
  

•  More	
  one-­‐on-­‐one	
  teacher/student	
  Eme	
  

•  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	
  wriaen)	
  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.	
  



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	
  
quanEty	
  and	
  quality	
  of	
  thinking.	
  

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

	
  

What	
  is	
  SOLO?	
  



• Prestructural	
  –	
  students	
  have	
  no	
  idea	
  nor	
  any	
  
understanding	
  about	
  the	
  topic.	
  

• Unistructural	
  –	
  students	
  have	
  one	
  idea	
  about	
  the	
  topic.	
  
• Mul0structural	
  –	
  students	
  have	
  a	
  number	
  of	
  ideas	
  about	
  
the	
  topic,	
  but	
  no	
  understanding	
  of	
  how	
  those	
  ideas	
  are	
  
connected.	
  

• Rela0onal	
  –	
  students	
  have	
  several	
  ideas	
  about	
  the	
  topic,	
  
and	
  begin	
  to	
  understand	
  how	
  those	
  ideas	
  are	
  related.	
  

• Extended	
  abstract	
  –	
  students	
  can	
  make	
  connecEons	
  
beyond	
  the	
  scope	
  of	
  the	
  problem	
  or	
  quesEon,and	
  can	
  
generalize	
  or	
  transfer	
  learning	
  to	
  a	
  new	
  situaEon.	
  

The	
  5	
  levels	
  of	
  the	
  SOLO	
  Taxonomy	
  



Surface	
  and	
  deep	
  thinking	
  
Unistructural	
  and	
  mulEstructural	
  quesEons	
  test	
  students’	
  
surface	
  thinking	
  (lower-­‐order	
  thinking	
  skills)	
  
	
  
RelaEonal	
  and	
  extended	
  abstract	
  quesEons	
  test	
  deep	
  
thinking	
  (higher-­‐order	
  thinking	
  skills)	
  
	
  
Using	
  SOLO	
  allows	
  us	
  to	
  balance	
  the	
  cogniEve	
  demand	
  of	
  
the	
  quesEons	
  we	
  ask	
  and	
  to	
  scaffold	
  students	
  into	
  deeper	
  
thinking	
  and	
  metacogniEon	
  



Irrelevant	
  or	
  not	
  given	
  
informaEon	
  is	
  shown	
  as	
  –	
  X	
  	
  
Given	
  facts,	
  ideas,	
  informaEon	
  
are	
  shown	
  by	
  –	
  black	
  dots	
  
The	
  student	
  is	
  represented	
  by	
  
the	
  	
  triangle	
  	
  
The	
  response	
  or	
  given	
  answer	
  to	
  
the	
  quesEon	
  is	
  shown	
  by	
  the	
  –	
  R	
  
Relevant	
  informaEon	
  not	
  given	
  in	
  
the	
  quesEon	
  is	
  shown	
  by	
  –	
  O	
  

In	
  the	
  diagram	
  below	
  the	
  symbols	
  shown	
  represent:	
  

This key is used in each 
of the following slides 

Describing	
  the	
  levels	
  of	
  SOLO	
  



To	
  answer	
  the	
  quesEon	
  
the	
  student	
  needs:	
  

knowledge	
  or	
  use	
  of	
  
one	
  piece	
  of	
  given	
  
informaEon,	
  fact,	
  or	
  
idea,	
  that	
  she	
  can	
  get	
  
directly	
  from	
  the	
  
problem.	
  	
  

Unistructural	
  quesEons	
  



A	
  year	
  that	
  contains	
  29	
  days	
  in	
  February	
  is	
  a	
  
_____________.	
  

Unistructural	
  quesEon	
  

a)  frog	
  year	
  
b)  jump	
  year	
  

c)  leap	
  year	
  
d)  long	
  year	
  



This	
  is	
  fundamentally	
  an	
  unsorted,	
  unorganised	
  list.	
  	
  

MulEstructural	
  quesEons	
  

To	
  answer	
  the	
  quesEon	
  the	
  
student	
  needs:	
  

knowledge	
  or	
  use	
  of	
  more	
  
than	
  one	
  piece	
  of	
  given	
  
informaEon,	
  fact,	
  or	
  idea.	
  
However,	
  the	
  ideas	
  are	
  not	
  
integrated.	
  



Which	
  of	
  the	
  following	
  years	
  contained	
  29	
  days	
  
in	
  February?	
  

MulEstructural	
  quesEon	
  

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

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

1.  The	
  algorithm	
  for	
  determining	
  
leap	
  years	
  

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



RelaEonal	
  quesEons	
  

To	
  answer	
  the	
  quesEon	
  the	
  
student	
  needs:	
  

to	
  integrate	
  more	
  than	
  one	
  
piece	
  of	
  informaEon,	
  fact,	
  or	
  
idea.	
  
	
  
At	
  least	
  two	
  separate	
  ideas	
  
are	
  required,	
  that	
  working	
  
together,	
  will	
  solve	
  the	
  
problem.	
  



Describe	
  the	
  relaEonship	
  between	
  the	
  earth’s	
  
movement	
  and	
  the	
  algorithm	
  used	
  to	
  calculate	
  
leap	
  years.	
  

RelaEonal	
  quesEon	
  

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

1.  The	
  algorithm	
  for	
  determining	
  leap	
  years	
  

2.  The	
  relaEon	
  between	
  the	
  Earth’s	
  rotaEonal	
  
movement	
  and	
  its	
  movement	
  around	
  the	
  sun.	
  

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



These	
  quesEons	
  involve	
  a	
  
higher	
  level	
  of	
  abstrac0on.	
  	
  
They	
  require	
  the	
  student	
  
to	
  go	
  beyond	
  the	
  given	
  
informaEon,	
  knowledge,	
  
or	
  ideas	
  and	
  to	
  deduce	
  a	
  
more	
  general	
  rule	
  or	
  proof	
  
that	
  applies	
  to	
  all	
  cases.	
  

Extended	
  abstract	
  quesEons	
  



Planet	
  X	
  rotates	
  about	
  its	
  axis	
  823.451	
  Emes	
  
during	
  each	
  full	
  revoluEon	
  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	
  drir	
  more	
  than	
  one	
  day	
  during	
  each	
  
10,000-­‐year	
  period.	
  

Create	
  the	
  algorithm.	
  

Extended	
  abstract	
  quesEon	
  



Take	
  a	
  unistructural	
  quesEon	
  	
  
–  	
  ask	
  for	
  a	
  list	
  of	
  2	
  or	
  more	
  things	
  	
  
è	
  mul0structural	
  quesEon	
  

Put	
  the	
  list	
  of	
  things	
  into	
  the	
  quesEon	
  	
  
– ask	
  what	
  they	
  have	
  in	
  common	
  	
  
è	
  rela0onal	
  quesEon	
  

Ask	
  what	
  class	
  of	
  event,	
  situaEon,	
  or	
  rule	
  applies.	
  
– generate	
  list	
  of	
  possible	
  wrong	
  answers	
  to	
  go	
  with	
  
correct	
  answer	
  to	
  create	
  a	
  mulE-­‐choice	
  quesEon	
  	
  
è	
  extended	
  abstract	
  quesEon	
  

How	
  to	
  create	
  “deeper”	
  quesEons	
  



Algebra:	
  Number	
  Paaerns	
  

•  How	
  many	
  sEcks	
  are	
  needed	
  for	
  3	
  houses?	
  	
   	
  (unistructural)	
  

•  How	
  many	
  sEcks	
  are	
  there	
  for	
  5	
  houses?	
  	
  (mulEstructural)	
  	
  

•  If	
  52	
  houses	
  require	
  209	
  sEcks,	
  how	
  many	
  sEcks	
  do	
  you	
  need	
  to	
  
be	
  able	
  to	
  make	
  53	
  houses?	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  (relaEonal)	
   	
  	
  

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

Houses 1 2 3 
Sticks 5 9 __ Given:	
  



Group	
  Work:	
  
	
  

Use	
  the	
  SOLO	
  Taxomony	
  to	
  
describe	
  various	
  levels	
  of	
  

understanding	
  of	
  an	
  important	
  
scienEfic	
  concept	
  



In	
  your	
  scienEfic	
  area,	
  select	
  a	
  unistructural	
  
quesEon	
  and	
  then	
  transform	
  it	
  into	
  a…	
  

Ü 	
  MulEstructural	
  quesEon	
  

Ü 	
  RelaEonal	
  quesEon	
  
Ü 	
  Extended	
  abstract	
  quesEon	
  	
  

Task	
  1:	
  



Some	
  things	
  to	
  think	
  about	
  
Response	
  versus	
  requirement	
  

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

	
  
Deep	
  thinking	
  and	
  difficulty	
  

–  QuesEons	
  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	
  quesEon	
  can	
  become	
  
tomorrow’s	
  relaEonal	
  quesEon	
  



•  SOLO	
  is	
  a	
  true	
  hierarchic	
  taxonomy	
  –	
  
increasing	
  in	
  quanEty	
  and	
  quality	
  of	
  thought	
  

•  SOLO	
  is	
  a	
  powerful	
  tool	
  in	
  differenEaEng	
  
curriculum	
  and	
  providing	
  cogniEve	
  challenge	
  

•  SOLO	
  allows	
  teachers	
  and	
  learners	
  to	
  ask	
  
deeper	
  quesEons	
  without	
  creaEng	
  new	
  ones	
  

•  SOLO	
  is	
  a	
  powerful	
  metacogniEve	
  tool	
  

In	
  summary…	
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Interna0onal	
  opportuni0es	
  
for	
  students	
  to	
  conduct	
  and	
  

present	
  research	
  



haps://www.googlesciencefair.com/en/	
  



haps://breakthroughjuniorchallenge.org/	
  



Comments	
  from	
  students	
  
who	
  have	
  parEcipated	
  in	
  
English	
  immersion	
  lessons	
  
(planned	
  and	
  presented	
  by	
  Ei-­‐Com,	
  LLP)	
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If	
  you	
  have	
  any	
  quesEons	
  or	
  comments	
  about	
  the	
  informaEon	
  
presented	
  in	
  these	
  slides,	
  please	
  send	
  an	
  email	
  to:	
  


