A Journey to Black Hole in an English Classroom—

Esteban Pai’s Content and Language Integrated Learning
Lesson Plan

Introduction

This 5-period lesson plan integrates the Astronomy field of the Earth Science subject and
English, focusing on the selected competencies and content of Astronomical Study and
English reading comprehensive strategies. The unit design characterizes the three factors
of Content and Language Integrated Learning (or CLIL), which are concept, content, and
language through the learning of Black Hole in a high school English classroom. This lesson
plan also introduces infographic for students to illustrate the abstract concept of the
Astronomy realm. Students are encouraged to use the following three online tool or
sources, Piktochart, Pinterest, Wikipedia, to finish their performance task.

Description of Class

This unit was conducted in three different 11 graders, natural-science-majored classes.
They are class 205, 206, and 210. There are 24 and 23 students respectively in class 205
and 205. In class 205, there are only 4 girls. In class 206, there are 3 girls. 21 girls among
34 students are there in class 210. Most of the teaching and learning activities are operated
in groups of 3 or 4 in almost every period since the beginning of 2016-17 school year. In
Taipei Lishan High School, a 12-credit project research course is required for everything
students. During the project research course, they received some training of how to conduct
and present their research. Thus, they were very often required to do presentation in
Chinese or English in different courses, which means they are quite familiar with skills of
collecting, organizing materials, and making a report.

Goals & Objectives



Concept goals:

Students will be able to acquire and transfer the conept of Earth Science study and the
reading strategies of facts and details through the text structure of Black Hole, infographic
illustration, and a 5-minute presentation on an Astronomical fact or phenomenon.

Content objectives:

Students will be able to understand the features, growth, study history, and evidences of
black Hole through a brief introduction of black hole.

Language goals:

Students will learn how the facts and details are arranged and the structure of a description
text through graphic organizers.

Language objectives:

Students will learn 10 technical terms of black hole and how to describe an Astronomical
fact or phenomenon in English.

Text
Black Hole



A black hole is a region of spacetime exhibiting such strong gravitational effects that
nothing—not even patrticles and electromagnetic radiation such as light—can escape from
inside it. The theory of general relativity predicts that a sufficiently compact mass can
deform spacetime to form a black hole. The boundary of the region from which no escape is
possible is called the event horizon. Although the event horizon has an enormous effect on
the fate and circumstances of an object crossing it, no locally detectable features appear to
be observed. In many ways a black hole acts like an ideal black body, as it reflects no light.
Moreover, guantum field theory in curved spacetime predicts that event horizons

emit Hawking radiation, with the same spectrum as a black body of a temperature inversely
proportional to its mass. This temperature is on the order of billionths of a kelvin for black
holes of stellar mass, making it essentially impossible to observe.

Objects whose gravitational fields are too strong for light to escape were first considered in
the 18th century by John Michell and Pierre-Simon Laplace. The first modern solution of
general relativity that would characterize a black hole was found by Karl Schwarzschild in
1916, although its interpretation as a region of space from which nothing can escape was
first published by David Finkelstein in 1958. Black holes were long considered a
mathematical curiosity; it was during the 1960s that theoretical work showed they were a
generic prediction of general relativity. The discovery of neutron stars sparked interest

in gravitationally collapsed compact objects as a possible astrophysical reality.

Black holes of stellar mass are expected to form when very massive stars collapse at the
end of their life cycle. After a black hole has formed, it can continue to grow by absorbing
mass from its surroundings. By absorbing other stars and merging with other black
holes, supermassive black holes of millions of solar masses may form. There is general
consensus that supermassive black holes exist in the centers of most galaxies.

Despite its invisible interior, the presence of a black hole can be inferred through its
interaction with other matter and with electromagnetic radiation such as visible light. Matter
that falls onto a black hole can form an external accretion disk heated by friction, forming
some of the brightest objects in the universe. If there are other stars orbiting a black hole,
their orbits can be used to determine the black hole's mass and location. Such observations
can be used to exclude possible alternatives such as neutron stars. In this way,
astronomers have identified numerous stellar black hole candidates in binary systems, and
established that the radio source known as Sagittarius A*, at the core of our own Milky
Way galaxy, contains a supermassive black hole of about 4.3 million solar masses.

On 11 February 2016, the LIGO collaboration announced the first

observation of gravitational waves; because these waves were generated from a black hole
merger it was the first ever direct detection of a binary black hole merger. On 15 June 2016,
a second detection of a gravitational wave event from colliding black holes was announced.
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DO BLACK HOLES GROW WHEN
MATTER FALLS INTO THEM?

Not all the matter around a black hole is doomed to fall into the black hole. For example, in many black
hole systems, some of the gas escapes as a hot wind that is blown away from the disk at high speeds.

HTTP://CHANDRA.SI.EDU

Time allocation & Teaching procedure

5 consecutive periods

Period

Activities

Materials

Equipment

15! period

Warm-up (20 minutes)
brief introduce of
Astronomical study and
the unit activities,

Handout page 1 &
2: a brief
introduction of
black hole,

Laptop computer,
projector &

screen, mini white
board and marker




a review of text structures
of different type of
informational text,

Task 1 (30 minutes)
Teacher’s lecuture on
paragraph 1 & vocabulary

infographic, and
vocabulary
worksheet

2" period

Task 2 (40 minutes )
Teacher’s lecture on
paragraph 2 & 3

Students to discuss their
topic to present (10

Handout page 3:
Worksheet of the
history of black
hole study, growth
of a black hole.

pack

minutes)
3™ period | Task 3 (40 minutes ) Handout pages 4
Teacher’s lecture on & 5: direct and in
paragraph 4 & 5 direct evidences
of black hole
Students to further
discuss their presentation
(10 minutes)
4" period | Assessment (25 Assessment Projector &
minutes), sheet, QAR Screen
questions
Student’s presentation |
(25 minutes)
5" period | Students’ presentation Il | QAR questions,
(25 minutes) and survey
Survey
(25 minutes)
1° Period

Warm-up (20 minutes)
Teacher to brief introduce of Astronomical study and the unit activities,
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Teacher to review students of text structures of different type of informational text
and to hint students the connection between informational text and Astronomical study

Structure Definition Visual Clues

the auther provides
severd detals of
something to give the
reader a mental picture

many adiectives,
characteristics,
or examples

Description

ikenesses and

the author discusses dfferences are
Compare & | smiarities and differences
between pecple, things dscussed, also,
Contrast § ’ both, in contrast,

concepts, or ideas ete

events n order
of occurrence,

instructions gven
step-by-step,
order words:

the author provides
Order & readers with
chronologicd events or a

SBQUBH{’.E‘, st of stepsina

procedure first, next, etc
the author gives a problem is
Problem & nformation about @ /@\_’ Q sclved or needs
Solution problem and explains one L solving; problem,
or more sclutions solution, scve
the author describes an cause, because,
Cause & event or severd events effect, asa
Effect (cause) and the events result of, due to,
that folow (effect) reason

To group students into a group of 3 or 4

Task 1 (30 minutes) Teacher’s lecture on paragraph 1 & vocabulary
1. Students to read paragraph 1, underline new words, discuss with group members,
guess their possible meanings, and write on mini white board.
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Teacher to give lecture on paragraph 1 with infographic of black hole, explaining the
content as well as the concept of paragraph 1 with infographic.

Students to check the meanings of new word and divide them into technical term or
general term.

Vocabulary
Gravitation is a kind of force/ object.
Particle/ electromagnetic radiation is a very tiny object.
The theory of general relativity is proposed by Isaak Newton/ Galileo Galilei/ Albert
Einstein.
A black hole is a formed/ deformed spacetime.
The event horizon is a form/ region/ boundary.
There are no enormous/ detectable features to be observed in the event horizon.
The brains inside computers , called microprocessors , are measured in nanometres
and their speed in the billionths of/ on the order of a second

Words, phrases, or terms | do not know well
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. electromagnetic radiation
. particle

. the theory of relativity

. spectrum

. quantum field theory

. inversely proportional

. on the order of

. billionths of

. infer

Type

Terms or words Possible meaning

technical
term




general 1. on the order of...
words/ 2.
phrases
End of Period 1
2" Period

Task 2 (40 minutes )

1. Teacher’s lecture on paragraph 2 & 3, highlighting the history of theories and

evolution of black hole to illustrate the concept of Astronomical study.

2. Students to read paragraph 2 & 3 again and to finish two graphic organizer on
handout pages 2 & 3, and write the possible answer on the mini black hole and post

it on the blackboard.

3. Teacher to check the answer and discuss the patterns and paragraph structure with

students.

Please finish the following frame, according the information you read from the 2" paragraph

Related theory about black hole

Year Theory/ Hypothesis
In the Objects whose gravitational fields are too was considered by John Mi
18th strong for light to escape Laplace
century
In 1916,
In 1958,

In 1960s,




Evolution of black hole

Students
Stage Event to
Supermassive black holes of millions of solar masses may form | discuss
— by other stars and merging with other black holes and pick
Black holes when very massive stars collapse atthe end | yp a
— of their life cycle. topic to
Black holes can continue to by absorbing mass from present
— its surroundings (10
minutes)
End of Period 2
3" Period

Task 3 (40 minutes )

1. Teacher’s lecture on paragraph 4 & 5, explicating the direct and indirect evidences of

the existing of black hole.

2. Students to read paragraph 4 & 5 again and to finish two graphic organizer on
handout pages 4 & 5, and write the possible answer on the mini black hole and post

it on the blackboard.

3. Teacher to check the answer and discuss the evidences of black hole and paragraph

structure with students.

Read the 4™ & 5" paragraph and finish the following frame according to the information you

acquire from them.

The Evidence for Black Hole

Type of Evidence The founder Announced Time _
(what) (who) (when) How & Why it works
Gravitational
waves

Type of Evidence
(what)

Effect of the evidence

If there are other stars orbiting a
Interaction with black hole, their orbits can be used
other matter to determine the black hole's mass

and location.




Now please give a summary sentence for each paragraph

Paragraph Summary Sentence

1

2
3
4
5

Students to further discuss their presentation and infographic (10 minutes)

End of Period 3

4" Period

Assessment (25 minutes)
1. Students to work on the assessment sheet for 20 mins
2. Teacher to check the answer with students for 10 minutes

Student’s presentation |
(25 minutes)
1. 4 groups to perform their 5-minute presentation
2. Other students to listen to peer’s presentation and answer their QAR questions.

End of Period 4

5" Period




Students’ presentation I
(25 minutes)
1. 4 groups to perform their 5-minute presentation
2. Other students to listen to peer’s presentation and answer their QAR questions.

Survey & Review
(25 minutes)

End of Period 5

Assessment

This assessment focuses mostly on the concept and content of black hole,
while Q3 also cover the language pattern in an Astronomical paper.

Comprehension Check
Read the text again, and answer the following questions or finish the frame

Q1: In the second sentence of the first paragraph, why does the author use the word
“predicts” instead of “tells” or other words to introduce those theories about black hole?

Q2: Who first gave out the explanation of black hole, in which year?

Q3: Use the language below to explain the growth of a black hole, the sequencing phrases
in the first column are all in the correct order, and the last one has been done for you.




Sequence What/ subject Action/ verb What/
In the a black hole exist when a very massive star collapses
beginning,

And then supermassive

Finally,

It's a
concensus | plack hole

that

is expected to form

black holes may form

a black hole ] )
will continue to grow

a supermassive

by absorbing mass from its
surroundings.

~in the centers of most galaxies.

by merging with other black hole and
absorbing other stars.

Q4: Fill in the blank and point out its number from the graphic in the right

Number

Explanation

A black hole is a region of spacetime
exhibiting such strong effects that
nothing can escape from inside it.

The boundary of the region from which no
escape is possible is called
the

Matter that falls onto a black hole can form
an external disk heated by
friction, forming some of the brightest
objects in the universe.

(4)

Q5: Right down one thing you know for sure about the black hole (a term or a sentence):

Q6: Right down one thing you still wonder about the black hole (a term or a sentence):

Obstacles & Challenge

There are 3 features in Earth Science study, observation in person, various measurement,

and timeline. But it's not possible to observe in person for most of the Astronomical facts or
phenomena, so as the measurements. The only competency can be applied to and transfer
is timeline. So | can only emphasize this in the details, among which are the history of study




and the historical record of the object. Other than this, there’re few skills can be introduced
in a 5- period Taiwanese high school English classroom.

The material is a very much critical and essential issue in a hard CLIL unit, due to the
extreme unbalance between the subject content and students’ English level in a regular
Taiwanese high school classroom.
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Solar flare (2)
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What is dark energy and dark matter?
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Dark matter

solar flare

the thing about Van Allen belt.
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Dark energy and dark matter
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Meteor shower
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Starlight will bend around a massive object, which is called gravitational lens.
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The main idea of solar eclipse

white hole
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The different between solar and lunar eclipse
big bang

History, principle and theory of the eclipse
BigBang

FEa

Big Bang

Supernova

foiam

Solar wind
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We introduced many meteor terminologies, such as meteor, meteor showers.

The comet
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The history of comets and the fact of it,introduce it details of commet and example some commet.
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The Big Bang theory and what happened after the Big bang

comet

How dose the supernova became.

How comet works and types of comet
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Supernova is a phenomenon form when the collapse of star occurs or the sudden resignation of nuclear
fusion.lt results in a bright light in the universe.

The simple introduction of grativitional waves and how we detect it.

the small solar system

Supernova is an astronomical event that occurs during the stellar evolutionary stages of a massive star's life.
Halley's comet
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Students’ work

Fact/ Phenomenon Inforgraphic

SOLAR ACTIVITY AND ITS EFFECTS ON EARTH

The Sun has a magnetic =y o

field that varies across = _Particles drawn to polas and collide
the surface of the Sun. ~  with atmosphere, causing polar lights
The magnetic field also SOLARFLARE——

varies in time and AND ERUPTIONS
location. The solar
magnetic field extends
well beyond the Sun
itself. The electrically Billions of tonnes of superhot gas

. . containing charged particles
conducting solar wind ~

) \\
plasma carries the = 49 149 mlmm
Sun's magngtic field !nto ' e .5,:55'.:.{3 microchips damaged
space, forming what is T \ Power grids disrupted
called the interplanetary = BB IR IS
magnetic field. In an
approximation known as
ideal
magnetohydrodynamics,
plasma particles only
move along the
magnetic field lines. As
a result, the outward-
flowing solar wind
stretches the
interplanetary magnetic
field outward, forcing it
into a roughly radial
structure.

Main Idea:

A solar flare is a sudden flash of brightness observed near the Sun's surface.Flares
occur in active regions around sunspots, where intense magnetic fields penetrate the
photosphere to link the corona to the solar interior. It involves a very broad spectrum
of emissions, an energy release of typically 1 x 10% joules of energy for a well-



https://en.wikipedia.org/wiki/Sun

observed event.

History:

Solar flares were first observed on the Sun by Richard Christopher Carrington and
independently by Richard Hodgson in 1859 as localized visible brightening of small
areas within a sunspot group. Stellar flares can be inferred by looking at the light
curves produced from the telescope or satellite data of variety of other stars.

Details:

(1) cause:
Flares occur when sped up charged particles, mainly electrons, interact with the
plasma medium. Scientific research suggests that the phenomenon of magnetic
reconnection leads to this copious acceleration of charged particles. On the Sun,
magnetic reconnection may happen on solar arcades — a series of closely occurring
loops of magnetic lines of force. Although there is a general agreement on the source
of a flare's energy, the mechanisms involved are still not well known. It is not clear
how the magnetic energy is transformed into the particle kinetic energy.

(2) hazards:
Flares are often, but not always, accompanied by a coronal mass ejection. The flare
ejects clouds of electrons, ions, and atoms through the corona of the sun into space.
These clouds typically reach Earth a day or two after the event. Solar flares strongly
influence the local space weather in the vicinity of the Earth. They can produce
streams of highly energetic particles in the solar wind or stellar wind, known as a
solar proton event. These particles can impact the Earth's magnetosphere, and
present radiation hazards to spacecraft and astronauts. Additionally, massive solar
flares are sometimes accompanied by coronal mass ejections (CMEs) which can
trigger geomagnetic storms that have been known to disable satellites and knock out
terrestrial electric power grids for extended periods of time.

Example:

(1) The most powerful flare ever observed was the first one to be observed, on
September 1, 1859, and was reported by British astronomer Richard
Carrington and independently by an observer named Richard Hodgson. The
event is named the Solar storm of 1859, or the "Carrington event". The flare
was visible to a naked eye (in white light), and produced stunning auroras
down to tropical latitudes such as Cuba or Hawaii, and set telegraph systems
on fire.

(2) On July 23, 2012, a massive, and potentially damaging, solar superstorm
(solar flare, coronal mass ejection, solar EMP) barely missed Earth, according
to NASA. According to NASA, there may be as much as a 12% chance of a
similar event occurring between 2012 and 2022, although because this
particular figure was based on an extreme extrapolation of the calculated
frequency of future storms, the actual probability of this is quite uncertain.

Question:
Right there




Who first observed the solar flare?

A:Richard Carrington.

Think & search

Can solar flares energy be transform into kinetic energy?
A: Yes.But we don’t know how.

Author & |

Why the polar light often appears in poles?
A:Particles drawn to poles collide with atmosphere.
On my own

What is direct affection to earth by the solar flares?
A:Polar light.

Meaning

What'’s the word “penetrate” in main idea?
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Q1:When does solar eclipse occur?
Q2: According to 5 pictures below, which section is called totality?

e Jc O
(A) (C) (D)

Q3:Wh a't |s e phesosmeham e¢dlatpoe?u
(A)l'ight goes straight (B)light can turf
Q4:Does Jupiter ( ~ % ) occur solar eclipse? Why?

Q5: What i s tThoe amedryi?ng of

(A)white moon (B)fuyD)necédlpispsd C) bl ack

Teaching reflection and suggestion

Students’ motivation determines how much they can concentrate and the teaching
effectiveness. My original plan is a Geographic unit working with Geography teacher, but my
natural-science-majored students used their “looks” showing me that they were lack of
interest in it. And | also need to consider the limitation of time, so | had to change the
subject and topic into Earth Science. Because | have some understandings on the subject
and there is a unit talking about the issue of Black Hole in the textbook for this semester, |
can do this and make a good use of my teaching hours.

| followed cases from Putting CLIL into Practice, and kept focusing on both content and
language, as well as the concept from both subject to make sure my students can learn
them all. I divided the teaching activities into input activities, output activities, Assessment,
and Performance Task. This way, it's easy for me to examine if both content and language
are properly covered. From students’ response and the assessment, | think this unit is a
very good start of CLIL.

Time allocation matters how much time the students have to prepare and perform their
performance task. According to my students, my plan this time is kind of rush. Because this
unit was conducted in 5 periods in two conesecutive weeks.They believed if they had had
more time, they could have had a better performance.

For Taiwanese high school English teachers, wikipedia are a very good source. Teachers
and students can search and find material they need easily and the language is good for
high school students. It's wikipedia that saved me from the anxiety of searching for a proper
text for students. Above all, without a proper text there would be nothing happening in a
classroom.

Reference & Appendix
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Gravitation is a kind of force/ object.

Particle/ electromagnetic radiation is a very tiny object.

The theory of general relativity is proposed by Isaak Newton/ Galileo Galilei/ Albert
Einstein.

A black hole is a formed/ deformed spacetime.

The event horizon is a form/ region/ boundry.

There are no enormous/ detectable features to be observed in the event horizon.
The brains inside computers , called microprocessors , are measured in nanometres
and their speed in the billionths of/ on the order of a second

Words, phrases, or terms | do not know well

. inve
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. electromagnetic radiation
. particle

. the theory of relativity

. spectrum

. quantum field theory

. on the order of
. billionths of
. infer

rsely propotional

Type

Terms or words Possible meaning

technical
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Please finish the following frame, according the information you read from the 2" paragraph

Related theory about black hole

Year Theory/ Hypothesis Proposed by

In the Objects whose gravitational fields are too was considered by John Michell and Pierre-Simon
18th strong for light to escape Laplace
century

In 1916,

In 1958,

In 1960s,

Evolution of black hole

Stage Event

Supermassive black holes of millions of solar masses may form by other stars and merging
— with other black holes

Black holes when very massive stars collapse at the end of their life cycle.

Black holes can continue to by absorbing mass from its surroundings




Read the 4" & 5" paragraph and finish the following frame according to the information you acquire from them.

The Evidence for Black Hole

Type of Evidence (what) | The founder (who) Announced Time (when) How & Why it works

Gravitational waves

Type of Evidence (what) Effect of the evidence

If there are other stars orbiting a black hole,
their orbits can be used to determine the black
hole's mass and location.

Interaction with other
matter

Now please give a summary sentence for each paragraph

Paragraph Summary Sentence

1

2
3
4
5




We now have fininished our journey to the Black Hole and its time to review how the author
arranged the journey.

Paragraph Key information

Now discuss with your group members and pick up one astronomical fact or phenomenon
from English wikipedia website to make a 5-minute presentation with one infographic from
Pinterest website. Your presentation needs to follow the same format of Black Hole as the
above frame. The below frame is for you to draft your presentation.

Paragraph Key information




Comprehesion Check
Read the text again, and answer the following questions or finish the frame

Q1: In the second sentence of the first paragraph, why does the author use the word
“predicts” instead of “tells” or other words to introduce those theories about black hole?

Q2: Who first gave out the explanation of black hole, in which year?

Q3: Use the language below to explain the growth of a black hole, the sequencing phrases
in the first column are all in the correct order, and the last one has been done for you .

Sequence What/ subject Action/ verb What/

In the a black hole exist when a very massive star collapses

beginning,

is expected to form

by absorting mass from its

And then, | SUPErmassive surroundings.

black holes may form

~in the centers of most galaxies.

Finally, a black hole _ _
will continue to grow _ _
It's a a supermassive by merging with other black hole and
concensus’ | plack hole absorbing other stars.
that

Q4: Fill in the blank and point out its number from the graphic in the right

Number | Explanation

A black hole is a region of spacetime
exhibiting such strong effects that
nothing can escape from inside it.

The boundary of the region from which no
escape is possible is called

the
Matter that falls onto a black hole can form /
an external disk heated by

— | friction, forming some of the brightest (4)
objects in the universe.

Q5: Right down one thing you know for sure about the black hole (a term or a sentence):

Q6: Right down one thing you still wonder about the black hole (a term or a sentence):




Presentation Rubrics

Clearly
present all
major ideas
with proper
illustrations

Partial
ideas
presented
with some
illustrations

Only limited
ideas
presented
with poor
lillustrations

Main idea,
history, details,
and example
are clearly
presented

Main idea,
history, details,
and example
are partially
presented

Main idea,
history, details,
and example
are limited
presented

Proper volume,
Proper eye contact,

No grammar &

pronunciation
Good body language, grror

Less than 5 pauses

Unstable volume, Less than 5
Some eye contact,  grammar &
Some body language, pronunciation
Between 5~10 s
pauses

Low volume, More than 5
Few eye contact,Few grammar &

body language, pronunciation
More than 10 pauses s

Black Hole: https://en.wikipedia.org/wiki/Black hole

Inforgraphic source: https://www.pinterest.com/

Online tool to create infographic: https://piktochart.com/

All questions are clear
and follow the
instructions.

3~4 questions are
clear and follow the
instructions.

0~2 questions are
clear and follow the
instructions.
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