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English' Learnersiin Secondary STEM
Subjects

@ ELs in Secondary Schools: Characteristics and
Challenges

1) Teenagers who immigrate to the U.S. have more difficulty than
young learners -> Low high school graduation rates.

2) When compared to those from English-speaking homes, the drop
out rate is three times higher for this population.

3) Academic content and vocabulary required for secondary
subjects are much more challenging than elementary-level
( words should be learned by 9t grade).



Characteristics of. Academic Language
Required in STEM Content Subjects

» Vocabulary : Academic vocabulary vs Content-specific
vocabulary. Latin-based root, prefixes, and suffixes

Linguistic Structures: Passive voice, conditional
clauses, complex and embedded clauses

. Text characteristics: Interpretive, Descriptive,
Analytical, Argumentative, Supporting with evidence



STEM Sheltered Content Lesson Planning:
Key Elements

@ Lesson goals and objectives

@ Content objectives and national standards (CCSS, NGSS)
@ Language objectives and ELP standards (ELPA21)

@ Content assessment and language assessment

@ The extent of content and language integration (i.e., To
what extent language-focused activities will/should be
integrated into the content instruction, and what are the
essential language aspects to be included in the lesson?)



Language and Literacy Integration
iInto STEM Content Lessons: Key
Considerations

¢ Identification of key content
1 Identification of key

' Identification of key

¥ Consideration of

of ELs in one classroom

/ Balancing language skills (oral-language vs. written
language; receptive language (listening or reading)
vs. productive language skills (speaking or writing)



Identification of Key Content Vocabulary

“  What is “key content vocabulary’”” and how do you identify them?
€ How many new words in one lesson?

@ Approaches to teaching key content vocabulary

- Attention, Noticing, and in Second language
vocabulary learning (target vocabulary highlighted and enhanced
to draw learners’ attention)

- -based vocabulary learning (common morphemes
used in content subjects focused and practiced in content lessons)

- Tiered vocabulary learning (Tier 1 (basic), Tier 2 (function words
critical to learning Tier 3 words, Tier 3(content-specific low
frequency words)

- vocabulary learning based on thematic links (New
words grouped based on thematic categories)



ldentitication of key linguistic structures

What is "A.-.v IIJJJ..IBSL ures” and oW: to
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Séntence stal'ters (to prompt ELs to start witha
Eorrect sentence structures)

| - Leveled sentence frames (to accommodate different
| English proficiency levels)




Identification'of'key language functions

@ Analysis of content teaching and learning materials for “key
language function” identification

@ Types of language functions: Descriptive, Interpretive,
Comparative, Contrastive, Summative, Argumentative.

@ Linguistic structures correlating with language functions

(e.g.,

Descriptive/Defining: A is B. Interpretive: Ais inferred from B.

Comparative: Ais _ er/more ___ than B. Summative: In summary, A is B.

Argumentative: A is B because B is C.)



Academic Language Integration for
Alignment with NGSS and CCSS

@ How language and literacy integration is essential for the alignment with NGSS and CCSS

@ Example NGSS and CCSS standards showing how language and literacy competency is
emphasized in all content subject areas for secondary learners.
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Teacher’s Experiences with Integrating
Language Instructlon with STEM Content
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Traditional Science Class Question

and Answer
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What patterns can be seen in the mass, volume, and density of various
substances?

bhe

Background information:

We know that mass measures the amount of matter in a sample, volume is the amount of space
1 1 | 1 1 a sample takes up, and density is the relationship between the mass and the volume.

Procedure:
For each substance, we will find the mass, volume and density for one or more samples.
Data Table

—_— e 0 e S
Substance Mass Volume of Volume of Violume of Density |
| water only water + sample | sample (w divided By |

[subtract v of
| water]

Data Analysis for question, What patterns can be seen.in the mass, volume, and
density of various substances?

See any patterns yet? Describe what you see,
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Sheltered STEV Lesson Sequence —
Goals and Objectives

. STEM content lesson for MS (6-8)

(] l; on goals n-obec!clve

| |
Y 'Coﬂteﬁt objeétlvés | |

I
@ Klorrelatmg NGSS or standards

@ Language objectives

@ Correlating ELP standards



Unit: Cloud and Wind
Formation

Lesson: 2 Essential Question: How does the wind and rain

associated with a hurricane form?

Standards Addressed

MS-ESS2-5: Collect data to provide evidence for how the motions and
complex interactions of air masses result in changes in weather
conditions

ELP.6-8.5: conduct research and evaluate and communicate findings to
answer questions or solve problems

ELP.6-8.8: create clear and coherent grade-appropriate speech and text.

Science and Engineering
Practices: Planning and
Carrying Out Investigations

Unit Objectives Lesson Objectives

v’ Students will apply their understanding of air masses and v" T will describe how hot and cold air
their interaction to weather formation. masses interact

v Students will apply their understanding of convection v Twill explain, using evidence, how
currents to wind formation. wind is generated

Content Target Expressed in Academic Language
[ predict that when hot and cold air masses collide, the hot air will rise up above the cold air. I think this
will happen because I used smoke to watch warm air rise. This happened because warm air is less dense
than cold air.

In order to test my prediction, we made warm and cold air collide. When hot and cold air collided, I
observed the warm air rise, pulling the cold air into the tube underneath. The smoke showed air flowing
from one tube to another. My observations show that the warm air is less dense, and when it rose it left
room for the cold air to move underneath, creating a convection current of air.

My observations show that cold air always moves underneath warm air, creating wind currents. When air
masses of different temperatures collide, wind currents form. For example, when warm air over the land
collides with cold air over the ocean, wind forms. This is why it is often windy at the beach.

Language Forms and Functions Language Stems

Descriptive [ predict that when hot and cold air masses collide,
Interpretive

*Making arguments with supporting evidence

(focus)

[ think this will happen because

Linguistic Structures

Wh- questions, past tense, embedded clauses with | In order to test my prediction, I

because

Academic Vocabulary
e collide

e prediction

Science Vocabulary

e  hypothesis

®  air mass

s convection current

‘When hot and cold air collided, I observed

My observations show that

For example,




Unit: Cloud and Wind
Formation

Lesson: 2

Essential Question: How does the wind and rain
associated with a hurricane form?

Standards Addressed

acience and Engineering

MS-ESS2-5: Collect data to provide evidence for how the motions and | Practices: Planning and
complex interactions of air masses result in changes in weather

conditions

ELP.6-8.5: conduct research and evaluate and communicate findings to

answer questions or solve problems

ELP.6-8.8: create clear and coherent grade-appropriate speech and text.

Carrying Out Investigations

Unit Objectives

¥ Students will apply their understanding of air masses and v
their interaction to weather formation.
v Students will apply their understanding of convection v

currents to wind formation.

Lesson (Objectives

| will describe how hot and cold air
masses interact

[ will explain, using evidence, how
wind 15 generated

room for the cold air to move underneath, creating a convection current of air.

My observations show that cold air always moves underneath warm air, creating wind currents. When air
masses of different temperatures collide, wind currents form. For example, when warm air over the land
collides with cold air over the ocean, wind forms. This is why it is often windy at the beach.

(focus)

Language Forms and Functions

Descriptive

Interpretive

*Making arguments with supporting evidence

Linguistic Structures
Wh- questions, past tense, embedded clauses with

e prediction

because
Academic Vocabulary | Science Vocabulary
e collide e  hypothesis

e air mass
e convection current

Language Stems

[ predict that when hot and cold air masses collide,

[ think this will happen because

In order to test my prediction, I

‘When hot and cold air collided, I observed

My observations show that

For example,




Unit: Cloud and Wind Lesson: 2 Essential Question: How does the wind and rain

Formation associated with a hurricane form?
Standards Addressed Science and Engineering
MS-ESS2-5: Collect data to provide evidence for how the motions and | Practices: Planning and
complex interactions of air masses result in changes in weather Carrying Out Investigations
conditions

ELP.6-8.5: conduct research and evaluate and communicate findings to
answer questions or solve problems

ELP.6-8.8: create clear and coherent grade-appropriate speech and text.
Unit Objectives Lesson Objectives

v’ Students will apply their understanding of air masses and v" T will describe how hot and cold air

thair intarantinn ta waathar farmatinn g MAaccac intarart —

Content Target Expressed in Academic Language
I predict that when hot and cold air masses collide, the hot air will rise up above the cold air. I think this
will happen because I used smoke to watch warm air rise. This happened because warm air is less dense
than cold air.

In order to test my prediction, we made warm and cold air collide. When hot and cold air collided, I
observed the warm air rise. pulling the cold air into the tube underneath. The smoke showed air flowing
from one tube to another. My observations show that the warm air is less dense, and when it rose it left
room for the cold air to move underneath, creating a convection current of air.

My observations show that cold air always moves underneath warm air, creating wind currents. When air
masses of different temperatures collide, wind currents form. For example, when warm air over the land
collides with cold air over the ocean, wind forms. This is why it is often windy at the beach.

Linguistic Structures
Wh- questions, past tense, embedded clauses with | In order to test my prediction, I

because

Academic Vocabulary | Science Vocabulary When hot and cold air collided, I observed
e collide e  hypothesis

e prediction ®  air mass

e convection current | My observations show that

For example,




Unit: Cloud and Wind Lesson: 2
Formation

Essential Question: How does the wind and rain
associated with a hurricane form?

Standards Addressed

MS-ESS2-5: Collect data to provide evidence for how the motions and | Practices: Planning and
complex interactions of air masses result in changes in weather Carrying Out Investigations

conditions

ELP.6-8.5: conduct research and evaluate and communicate findings to

answer questions or solve problems

ELP.6-8.8: create clear and coherent grade-appropriate speech and text.

Science and Engineering

Unit Objectives

v’ Students will apply their understanding of air masses and v" T will describe how hot and cold air

their interaction to weather formation.

v Students will apply their understanding of convection v Twill explain, using evidence, how

currents to wind formation.

Lesson Objectives

masses interact

wind is generated

Content Target Expressed in Academic Language
[ predict that when hot and cold air masses collide, the hot air will rise up above the cold air. I think this
will happen because I used smoke to watch warm air rise. This happened because warm air is less dense

than cold air.

In order to test my prediction, we made warm

o

observed the warm air rise, pulling the cold ai
from one tube to another. My observations sh
room for the cold air to move underneath, cre:

My observations show that cold air always m¢
masses of different temperatures collide, wing
collides with cold air over the ocean, wind for

Language Stems
[ predict that when hot and cold air masses collide,

Language Forms and Functions
Descriptive

Interpretive

*Making arguments with supporting evide
(focus)

Academic Vocabulary | Science Vocabulary

collide
prediction

*  hypothesis
*  alr mass
* convection current

[ think this will happen because

In order to test my prediction, I

When hot and cold air collided, I observed

My observations show that

For example,




conditions

answer questions or solve problems

MS-ESS2-5: Collect data to provide evidence for how the motions and
complex interactions of air masses result in changes in weather

ELP.6-8.5: conduct research and evaluate and communicate findings to

ELP.6-8.8: create clear and coherent grade-appropriate speech and text.

Unit: Cloud and Wind Lesson: 2 Essential Question: How does the wind and rain
Formation associated with a hurricane form?
Standards Addressed Science and Engineering

Practices: Planning and
Carrying Out Investigations

Unit Objectives
their interaction to weather formation.

currents to wind formation.

Lesson Objectives

v’ Students will apply their understanding of air masses and v" T will describe how hot and cold air
masses interact

v Students will apply their understanding of convection v Twill explain, using evidence, how
wind is generated

than cold air.

Content Target Expressed in Academic Language
[ predict that when hot and cold air masses collide, the hot air will rise up above the cold air. I think this
will happen because I used smoke to watch warm air rise. This happened because warm air is less dense

In order to test my prediction, we made warm and cold air collide. When hot and cold air collided, I
observed the warm air rise, pulling the cold air into the tube underneath. The smoke showed air flowing
from one tube to another. My observations show that the warm air is less dense, and when it rose it left
room for the cold air to move underneath, creating a convection current of air.

My observations show that cold air always moves underneath warm air, creating wind currents. When air
masses of different temperatures collide, wind currents form. For example, when warm air over the land

t the beach.

Language Forms and Functions
Descriptive
Interpretive

*Making arguments with supporting evidence

(focus)

Linguistic Structures

Wh- questions, past tense, embedded clauses with

becaiise

= - - - I o~ a

| | | |

" For example,

cold air masses collide,

ause

m, I

3]

ded, I observed




Unit: Cloud and Wind Lesson: 2 Essential Question: How does the wind and rain
Formation associated with a hurricane form?

Standards Addressed Science and Engineering
MS-ESS2-5: Collect data to provide evidence for no Practices: Planning and
complex interactions of air masses result in changes in weather Carrying Out Investigations
conditions

ELP.6-8.5: conduct research and evaluate and communicate findings t
answer questions or solve problems

ELP.6-8.8: create clear and coherent grade-appropriate speech and te

sson Objectives

v" T will describe how hot and cold air
masses interact

v Twill explain, using evidence, how

Unit Objectives

v’ Students will apply their understanding of air masses and
their interaction to weather formation.

v Students will apply their understanding of convectio
currents to wind formation. wind is generated

Content Target Expresseq in Academic Language
[ predict that when hot and cold air masses collide, the Qot air will rise up above the cold air. I think this
will happen because I used smoke to watch warm air risg. This happened because warm air is less dense
than cold air.

In order to test my prediction, we made warm and cold ai§ collide. When hot and cold air collided, I
observed the warm air rise, pulling the cold air into the tulle underneath. The smoke showed air flowing
from one tube to another. My observations show that the varm air is less dense, and when it rose it left
room for the cold air to move underneath, creating a convel§jtion current of air.

My observations show that cold air always moves underneath warm air, creating wind currents. When air
masses of different temperatures collide, wind currents form§ For example, when warm air over the land
collides with cold air over the ocean, wind forms. This is why it is often windy at the beach.

Language Forms and Functions Langyfige Stems

Descriptive [ pregfct that when hot and cold air masses collide,
Interpretive

*Making argurjents with supporting evidence

(focus)

[#hink this will happen because

Linguistic Struftures
Wh- questions, fast tense, embedded clauses with | In order to test my prediction, I

because
Academic Vocabulary | Science Vocabulary ‘When hot and cold air collided, I observed
s collide . : .

e prediction ®  air mass

e convection current | My observations show that

For example,




Example STEM Lesson Sequence —
Content-specific activities

Inquiry 5.1

Investigating the Effects of _SATETY TIPS

FRoll up loose

4 What will you keep the same in each
.

setup? What will you change during each Review with your teacher the followlng

" paints, which you should keep in mind

Colliding Air Masses

PROCEDURE

1.

3.

Collect one copy of Student Sheet 5. 1a:
When Alr Masses Meet, Read the ques-
tion at the top of the student sheet:
What happens when two of the same—
and then different—air masses meet?
You will investigate this question during
the inquiry.

Look at one set of
connected
Conveotion Tubes
atwl the materials
for each group.
Then look at Talde
1 on Student Sheet
5.1a. What are
SOME Wiys you
might set up this
equipment o inves-
tigate the gquestion
in this inguiry?
Dijscnss this with
your class. Une sug-
geated setup is
shown In Figure
5.1

On vour student
sheet, make a list of
the materials vou
will use and the
procedures you will
follow to test each
setup, Be prepared
to share your ideas
with the class.

Candie

test? Write down vour ideas on Student
Sheet 5.1a.

What do vou think will happen when
gold, maoist air meets oold, moist air?
What do you think will happen when
warm moist alr meets warin moist air?
What will happen when cold moist air
meets hot dry air? Digouss your predic-
tons with vour group. Record what you
think will happen in the Predictions col-
wrnn in Table 1 on vour student sheet.

Crushed ice

Figere 81 Coneefed Convestion Tubes

A. FKeep the Convection Tubes connected at

while you work:

all times.

B. Do not record any temiperature changes

€. Intraduce smoke into the top of the cylin-

7 Before you begin, review Safety Tips with

© the investigation, Discuss vour observa-

in this lesson.

der, as shown in Figure 5.2,

vour teacher.
Caolleet and set up your materials, Begin
tions with your group as you work, and

record them on vour student sheet. For
each setup, remember the procedures

your group developed. Use your flashlight

1o pee the smoke,

When you have finished testing

* all three conditions, clean up.

Put out the burning punk by
dipping just the tip of it in a
eup of water. Cut off the

wet tip with the sclssors.
Refill your container

with erushed lee for

the next class,

sleevas and tuck

in loose clothing.
| Tie back long,
hair,

‘Do not et the
buming punk
touch the cylin:

der. The plastic

‘eylinder will melt
It It does,

' Do not ask your
teacher to light
wour candle until
yOU Bre reagy.

Do not reach
| ACross an open
{117 R

Do net leave the
“candle under the
plastic cylinder
- for longer than 1

' minute, The plas-

tie will get hot.

Figure 5.2 Lise the punk stick lo idroaduee smoks

into the top of the tubs,




xample STEM Lesson Sequence —
Language-specific activities

Convection Currents in the Air

INTRODUCTION
Wh the wir
li;:lg f th
use land and water he

arth, the
wrth’s surface

OBJECTIVES FOR THIS LESSON

Sot up an Investigation that
demonstrates what happens to two
alr masses when thay meet.

Analyze the moveient of twe alr masses
with different temperature and humidity
conditions. .

Devise warking definitions for the tenms
“convaction current” and “weather front.”

Relate the movement of alr within the
convection model to the formation of land
and sea breezes and the development of
tomadoes,

Explain how winds form.




R

ary: collide, pr diltion
il

ence- spedlflc votabhlarLy hypotheSIs, air mass,

b‘hﬁﬁﬁ’tJﬁlrculaJtlon of air




Vocabulary-Specific Activities

“ Pre-teaching key-content vocabulary (using visuals and
images) - also these words in the text for textual input
enhancement.

Collide: - Convection current:

"

@ Strengthening the understanding of the key-content vocabulary using 4-
columns of vocabulary chart

Knowledge
New word Definition Picture Connections



Key Linguistic Structures
@ |dentifying Key linguistic structures and sentences:

(1) Wh- questions for “prediction.”
What happens when hot and warm '

that when hot and cold air masses collide, the hot air will rise
up above the cold air.

2) Making arguments using ‘“because -”
garg g

The hot air will rise up above the cold air

(3) Stating observations using past tense verbs

When hot and cold air collided, | observed the warm air rise,
pulling the cold air into the tube underneath. The smoke
showed air flowing from one tube to another.




Key Linguistic Structures Practice

&  Stating predictions using leveled sentence frames/starters (depending on language
proficiency; chosen by ELs)

Q: What do you think will happen when cold moist air meets hot dry air?

A: | predict that

€  Making arguments using “because-”’

Q: What do you think will happen when cold, moist air meets hot dry air?

A: | predict that . (high-level language proficiency)
| predict that . (mid-level language proficiency)
| predict that . Warm air is less dense than cold air. (lower language proficiency)

@ Stating observations
Q: What did you observe when the tubes contained air with different temperature and humidity conditions?

A: My observations show that . (high-level language proficiency)

| observed that . | think this happened because . (mid-level language proficiency)

| observed that warm air . Warm air is less dense than cold air. . (lower language proficiency)



Key Language Functions

@ Making predictions (ELs should be able to complete
sentences of predictions in classroom discourse as well as
in writing).

@ Making arguments with supporting evidence or examples
(ELs should be able to make a proper argument and
support their claim based on their predictions and
observations both orally and writing).

@ Stating observations (ELs should be able to state what
they actually observed both orally and in writing).



Example STEM Lesson Sequence —
Content Assessment

REFLECTING ON WHAT YOU'VE DONE 5 Your teacher will ask you to complete
udent Sheet 5.1b: Convectlon on the
1. Answer the [o 58 Earth to find out what you know about
ur observ 3 he class, how air m« On this sheet you will do
these steps:
A What did you observe when both tubes
conttained o e LETI ure  lllustrate how alr moved in your group’s
and humidiey conditio Ty do Clonve
think this

tornade

esults fromm
under wohat conditions

* et up the G
Ilided with a cold cne.

weather front.” Discuss your defini-
tions with the class

ie 653, Revise your deflnitions if needed.




Example STEM Lesson Sequence —
Language Assessment

Criteria for language assessment: Vocabulary, Linguistic
structures and Language functions

Vocabulary: Students can define key-content vocabulary,
particularly, science vocabulary both orally and in writing

Linguistic structures (forms): Students can complete
sentences using the (leveled) sentence frames provided to
them.

Language functions: Students can demonstrate their
understanding of three distinctive language functions
correlating with the lesson (i.e., making predictions,
making arguments, and stating what they observed).



Conclusion: Integration of Language and
Content

@ Why integration is necessary?

Language-focused learning activities enable ELs to comprehend
the STEM lesson more clearly, and build better understanding of
core STEM concepts. Also, these activities help facilitate ELs’
language development for general academic discourse; CCSS
and NGSS focus on language competence as well, so it is
important to address language needs of ELs even in STEM
content subjects.

@ To what extent should language and literacy be integrated?

As much as possible, and to the extent necessary. STEM teachers
should at least be prepared to explicitly teach key vocabulary
and language concepts content-related
learning activities.
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