Angel M. Y. Lin
Professor & Tier 1
Canada Research Chair
Simon Fraser University
Canada
angellin_2018@sfu.ca

Languages and Literacies in
Science Education: Integrating
Content & Language Teaching
(Overview of Research
Traditions / Approaches)
ESERA Conference, Bologna
26-30 August 2019

Overview
• Observed Physical Phenomena & Their Descriptions & Explanations:
• Linguistic Descriptions/Explanations: Genre & Register Theory;
Functional Linguistics (Martin & Rose); Cognitive Discourse
Functions (Dalton-Puffer)
• Visual Representations/Explanations: Multimodality/ visual
grammar (Kress & Van Leeuwen)
• Thematic Patterns (Lemke); Concept+Language Mapping (CLM)
(Lin & He)
• How to Teach (Pedagogical Approaches):
• The Teaching/Learning Cycle: Modelling Analysis (Teacher
Modelling Deconstruction) → Guided (T-Ss Joint) Construction →
(Student) Independent Construction (Martin & Rose)

Challenges facing students when
learning science in an additional
language
A brief example

EMI Science Education
“Foreign Language”:
content subjects taught in
English as an additional
language (EAL)

“Foreign Language”:
the challenges from both
academic language literacy
and science literacy

• Learning science is virtually learning a “foreign language”
(Wellington & Osborne, 2001)
• Foreign language “squared”(Lin, 2016)
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e.g. In an EAL context (HK):Essay question:
2015-DSE-Biology_Paper 1 Section B

8/25/2019

(c) PPT Slides Developed by Dr. Angel M. Y. Lin. All Rights
Reserved.
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Essay Question Analysis:

1. Content (Biology):
Compare “arteries” and “veins” (objects compared) and identify their of “structural differences” (comparison
points) that are related to “the different ways of maintaining blood flow”
Explain how the “structural differences” are related to “the different ways of maintaining blood flow”

Structural differences
between arteries and veins

Different ways of maintaining blood flow

relationship

2. Language:

8/25/2019

Text type: Comparison (comparing features: Classification^Description)
+ Explanation (conditional: Phenomenon^Explanation)
Academic functions/sentence patterns: defining, comparing, contrasting, describing, expressing cause and
effect, expressing condition, expressing function, etc.
Grammar: simple present tense
Vocabulary: subject-specific vocabulary (artery, vein, valve, lumen, etc.), general academic vocabulary
PPT Slides Developed by Dr. Angel M. Y. Lin. All Rights
(maintain, withstand, etc.), logical(c)connectors
(as, while, firstly, etc.)
Reserved.
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C+L Map

comparison
points

adaptive features in maintaining blood flow in blood vessels

1

wall
thickness

The outer wall of arteries is
thicker than that of veins.

The thick arterial wall enables the arteries to withstand the high pressure
produced by the pumping action of the heart.

2

The wall of arteries contains
more elastic tissues than
that of veins.

The elastic nature of the arterial wall allows the arteries to distend and recoil:
when the heart contracts, blood is forced out of the heart and the arteries
distend; when the heart relaxes, the arteries recoil, causing the blood to flow
forwards. This maintains a continuous blood flow along the arteries.

The lumen of veins is
larger than that of arteries.

After the blood passing through the capillaries, the blood pressure inside the
veins is relatively low. Thus, a larger lumen in the veins reduces the
resistance to the blood flow and increases the amount of blood flow.

elastic fibre

3
lumen

4
8/25/2019

structural differences

valve

Valves are present in veins
The blood flow in veins is maintained by the contraction of adjacent skeletal
but not in arteries
muscles,
which
squeeze
theY. veins
force the blood to flow along. The
(c) PPT Slides
Developed
by Dr.
Angel M.
Lin. Alland
Rights
presence of Reserved.
valves in the veins helps to prevent the backflow of blood.
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Define the relevant concepts

Refer to question requirement

Arteries are blood vessels that carry blood from the heart to the body tissues while veins are blood vessels that carry
blood from the body tissues back to the heart. Arteries and veins are different in structure, and their structural
differences are related to the different ways of maintaining blood flow inside the blood vessels. These are discussed in
the following four aspects:
Linking sentence: advance organiser
•

Firstly, the wall of arteries is thicker than that of veins. As the heart pumps out blood, it creates a high pressure to drive
the blood flow into the arteries. The thick arterial wall enables the arteries to withstand the high pressure produced by
the pumping action of the heart.

•

Secondly, the wall of arteries contains more elastic tissue than that of veins. The elastic nature of the arterial wall
allows the arteries to distend and recoil: when the heart contracts, blood is forced out of the heart and the arteries
distend; when the heart relaxes, the arteries recoil, causing the blood to flow forwards. This maintains a continuous
blood flow along the arteries.

•

Thirdly, the lumen of veins is larger than that of arteries. After the blood passing through the capillaries, the blood
pressure inside the veins is relatively low. Thus, a larger lumen reduces the resistance to the blood flow and increases
the amount of blood flow in the veins.

•

Fourthly, valves are present in veins but not the arteries. The blood flow in veins is maintained by the contraction of
adjacent skeletal muscles, which squeeze the veins and force the blood to flow along. The presence of valves in the
veins helps to prevent the backflow of blood.
Content:
•Make comparisons one by one based on different
comparison points
•Explain how each aspect of the structural differences is
related to the corresponding way of maintaining blood flow

8/25/2019

Language:
•Use topic sentences
•Use comparing sentence patterns
•Use subject specific vocabulary
•Use general academic vocabulary
•Use logical connectors

As discussed above, the four aspects of structural differences between the Refer
arteries
and
veins, requirements
namely, the different
question
again
thickness and elastic tissues of their muscular walls, the presence and absence
oftovalves
as well as the different
sizes of
Summarise
key
comparison
points
(c)
PPT
Slides
Developed
by
Dr.
Angel
M.
Y.
Lin.
All
Rights
their lumens, are all related to maintaining blood flow in blood vessels in different ways.
Reserved.
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How to support academic literacy
development in the science curriculum?

8/25/2019

Genre & Register Theory (The Sydney School)
• Key researchers:
• In Australia: Jim Martin, David Rose, Bev Derewianka, Pauline Jones, Len
Unsworth, …
• In Europe: Ana Ilinares, …
• In N. America: Zhihui Fang, Mary Schleppegrell, …

Genre & Regiser Theory

Genre and Register Theory
REGISTER THEORY

Michael Halliday & Ruqaiya Hasan

A register is a variety of a language used for a
particular purpose or in a particular social
situation. Three factors together form the
register of the text (Halliday and Hasan, 1976):
•field (What's the subject matter?)
•tenor (Who are involved?)
•mode (What's the channel?)

GENRE THEORY

Genre is a "staged, goal-oriented, social process"
(Rose & Martin, 2012, p.54). A genre typically
goes through different rhetorical stages to achieve
its primary goal or social purpose.

Jim Martin & David Rose
12

Genre, Register and Text
(Derewianka, 1990, p. 19)
CULTURE
GENRE
(purpose)

SITUATION
Who is involved?
(Tenor)
The channel
(Mode)

The subject-matter
(Field)
REGISTER

TEXT

Texts are organized and constructed in different
ways according to their genre (purpose) and
register (field, tenor, mode):
•the genre shapes the overall organization or
structuring of the text (e.g. what kinds of stages
through which the text unfolds to achieve its
overall purpose)
•the register shapes the lexico-grammatical
patterns or choices made in constructing the text

(Derewianka, 1990)
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E.g. The Description Genre
Flowering plants
are categorized as high-class plants. At the adult stage, the plants produce flowers
which can develop into fruits and seeds after being pollinated and fertilized. Rose,
hibiscus, sunflower, mango, banana, and papaya are flowering plants.
(Source: Grade 4 Science (p.9), published by Sarasas Affiliated Schools, Thailand, 2007)

• What is this text about?
• What’s the role relationship between the author and the reader?
(Who is likely to be the author? To whom is the author writing this text?)
• What’s the channel or medium of this text?
• What's the purpose of this text?
• How is the text organised (into stages)?

•16

Text 1 -Everyday language
Gr)eetings
O Angel:

Hello, Adrian?

O Adrian:

Good morning Angel! How’re you today?

O Angel:

I’m fine! I’ve been up for a couple of hours working on my
computer—

O Adrian:
O Angel:

Oh, that’s good!
Are there lessons for me to see today?

O Adrian:

Um…, Miss Bussie hasn’t replied to my email yet—don’t know if
she’s got something arranged…
Response (offering information)
I see, in that case, I’d like to stay home to work this morning, and

O Angel:

if she’s got back to you, just give me a call, and I’ll come back to
school.
O Adrian:
O Angel:
O Adrian:

No problem! Have a productive day!
Thanks Adrian! You have a good day too! Bye bye!
Bye bye!

Opening casual talk

Request (for information)

Request (for action)
Response (promise)
Closing sequences

Field: school lesson visits arrangement
Tenor: between colleagues
Mode: everyday spoken exchanges
Purpose: requesting for information and actions
Genre: workplace request
Structure: greetings ^opening casual talk ^request (for information) ^response (offering information) ^request for action •17
^response (promise) ^closing sequences

Text 2 Description Report – Flowering Plants
technical term

Introduction by general classifcation

Description (when they produce flowers)
Flowering plants
are categorized as high-class plants. At the adult stage, the plants produce flowers

which can develop into fruits and seeds after being pollinated and fertilized. Rose,
hibiscus, sunflower, mango, banana, and papaya are flowering plants.
(Source: Grade 4 Science (p.9), published by Sarasas Affiliated Schools, Thailand, 2007)
Giving examples

Field: school science _ flowering plants
Tenor: writer (science educator) and reader (students)
Mode: formal written text
Purpose: providing information on a general class of things or phenomenon
Genre: information report _ description
Structure: introduction by classification ^ description^ exemplification
•18

Comparison of lexico-grammatical choices and
speech acts/ rhetorical functions
Everyday register (Text 1)
interpersonal speech acts: "request",
"response" and "promise"
Everyday register (Text 1)

Academic register (Text 2)
academic functions: "classifying",
"describing" and "exemplifying"
Academic register (Text 2)

no technical terms

frequent use of technical terms (e.g.
"pollinated")

first and second personal pronouns (e.g.
"I" and "you")

lack of personal pronouns

simple sentences (e.g. "I'm fine")

passive voice, complex sentence patterns
(e.g. "At the adult stage, the plants produce
flowers which can develop into fruits and
seeds after being pollinated" )

shortened forms (e.g. "I've")
exclamations (e.g. "Oh, that's good!")
hesitations (e.g. "Um...")
synchronous, dialogic communication

asynchronous, monologic communication
•19

Genre-based pedagogy (Sydney School)
• The following slides are used by courtesy of Jim Martin

- which genres to teach/learn...

- how do we model their genre structure...

- how do we build learner pathways...
multi-sided
exposition through discussion
internal
cause

one sided
explanation to argument
external
cause

rhetoric
account to explanation

chronology

cause
recount to account

time
story to history

sequence
in time

setting
in time

- age 12/13

Shark Report
A shark is a type of species that lives in the sea. A shark is one of the
largest sea creatures. There are 350 type of shark A shark is shaped like a
torpedo. Sandpaper is like a shark body. Elastic is in shark body inset of
bones A shark can grow up to 8 meters.
Sharks live in Oceans. Sharks have to swim but if they don't swim they
will sink or suffocate.

Harmless sharks eat Plants but harmful sharks eat live meat. Sharks have
up to forty two pups. Some sharks lay eggs and some have them live.
Some sharks have to defend the pups.

Title:
Shark Report
General Classification:
A shark is a type of species that lives in the sea. A shark is one
of the largest sea creatures. There are 350 types of shark.
Description:
A shark is s haped like a torpedo. Sandpaper is like a shark
body. Elastic is in shark body inset of bones A shark can grow
up to 8 meters.
Habits (movement):
Sharks live in Oceans. Sharks have to swim but if they don't
swim they will sink or suffocate.
Habits (feeding):
Harmless sharks eat Plants but harmful sharks eat live meat.
Habits (reproduction):
Sharks have up to forty two pups. Some sharks lay eggs and
some have them live. Some sharks have to defend the pups.

Genre-based pedagogy
The Teaching/Learning Cycle

- as we have seen, it was from Halliday and Painter that
Rothery adopted the principle of...

‘guidance
through interaction
in the context of shared experience’
- for literacy teaching we interpreted this to imply
introducing texts and writing texts with students before
asking them to write on their own, always in the context of
shared understandings of what would be written about
(‘embedded’ literacy)

30
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- DSP Language and Social Power 1

- field building (Gray foregrounding)

www.readingtolearn.com.au

Learning to Read:Reading to Learn curriculum cycle

Joint Deconstruction
Prepare before
Reading

Independent
Writing

Individual
Construction

Individual
Rewriting

Detailed
Reading

Note Making or
Sentence
Making

Joint
Rewriting
Joint
Construction

- writing/reading

Cognitive Discourse Functions
(Dalton-Puffer)
The following slides are from Dalton-Puffer, 2018 (use by courtesy of Dalton-Puffer)

Cognitive Discourse Functions:
an interdisciplinary construct for
language and content integration
Christiane Dalton-Puffer

Overview
• Rationale – The need for interdisciplinary concepts
• Cognitive Discourse Functions (CDFs)
Click
Click
to edit
toCDFs
edit
Master
Master
titleCLIL
title
style
style
• Evidence
of
in European
classrooms
• Conclusions

CDP 12/2018
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Content and Language Integrated Learning (CLIL) is a dual-focused
educational approach in which an additional language is used for the
learning and teaching of both content and language. That is, in the

teaching and learning process, there is a focus not only on content,
and not only on language. Each is interwoven, even if the emphasis
is greater on one or the other at a given time.
(Coyle, Hood & Marsh 2010, 1)

CDP 12/2018
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Content subject logic meets need for explicit
language pedagogy
language teaching logic meets need for
serious conceptual content

mediation between subject cultures
shared transdisciplinary concepts
CDP 12/2018
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Mapping pedagogies in CLIL
LANGUAGE Education

SCIENCE Education

teachertitle
ClickClick
to edit
to edit
Master
Master
title
stylestyle
text(book)
film
Input
talk

Interaction

whole-class

T-S (1on1)

SSS

S-S

Output

student talk

student
texts

artefact

drawing

(current SLA theory)

CDP 12/2018

image

Receive
Act
Produce

(Mortimer & Scott 2003)
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Academic language
Curriculum context
Curriculum
context

Academic text types/genres
Academic functions
Academic
functions
Morphosyntax &
Sentence patterns
Academic
vocabulary
(cf. Lin 2016, 34)
CDP 12/2018
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E.g. Curriculum goals in science education

ClickClick
to edit
to edit
Master
Master
title title
stylestyle

• Students …are able to explain and predict physical and technological processes.
(Germany)
• Students compare and evaluate the appropriacy of ecosystems for touristic
development. (Austria)

CDP 12/2018
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HK curriculum- science
• (Students can) describe the change of position of objects in terms of
distance and displacement and…present information on
displacement-time graphs for moving objects (physics, p.25)

ClickClick
to edit
to edit
Master
Master
title title
stylestyle

• Students also have to explain the choice of food in their diet menu
based on the information collected. (biology, p.133)
• Students) classify elements as metals or non-metals on the basis of
their properties…define and distinguish the terms: formula mass
and relative molecular mass. (chemistry, p.20-21)

CDP 12/2018
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Cognitive discourse functions
Analyzing, Appreciating, Arguing, Classifying, Comparing,
Commenting, Contrasting, Deducing, Describing, Defining, Drawing
conclusions,
Evaluating,
Explaining,
Exploring,
Click
Click
to edit
to
edit
Master
Master
title title
style
style Exemplifying,
Expressing opinions, Expressing time relations , Generalizing,
Hypothesizing, Informing, Interpreting, Judging, Justifying, Labelling,
Matching, Narrating , Naming, Negotiating, Persuading, Pointing,
Positioning, Predicting, Reflecting, Relating, Requesting/giving
information, Summarizing, Simulating, Specifying, Structuring, Taking
other perspectives, […]

CDP 12/2018
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Cognitive discourse functions

ClickClick
to edit
to edit
Master
Master
title title
stylestyle
Cognition

Language

CDF
Content
Zydatiß 2005
Dalton-Puffer 2004, 2013
CDP 12/2018
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Conceptualization

These discourse functions mark cognitive operations and their
verbal performance at the same time; they are at the
interface between cognition and verbalisation
e.g. analyse, argue, assess, calculate, classify

Vollmer 2006: 21

The construct of cognitive discourse functions links
“subject specific cognitive learning goals with the linguistic
representations they receive in classroom interaction”
Dalton-Puffer 2013: 220

CDP 12/2018
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Cognitive discourse functions
Analyzing, Appreciating, Arguing, Classifying, Comparing,
Commenting, Contrasting, Deducing, Describing, Defining, Drawing
conclusions,
Evaluating,
Explaining,
Exploring,
Click
Click
to edit
to
edit
Master
Master
title title
style
style Exemplifying,
Expressing opinions, Expressing time relations , Generalizing,
Hypothesizing, Informing, Interpreting, Judging, Justifying, Labelling,
Matching, Narrating , Naming, Negotiating, Persuading, Pointing,
Positioning, Predicting, Reflecting, Relating, Requesting/giving
information, Summarizing, Simulating, Specifying, Structuring, Taking
other perspectives, […]

CDP 12/2018
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CDF construct
Communicative Intention
I tell you how we can cut up the world
according to certain ideas
I tell you about the extension of this object of
specialist knowledge

Click
Click
to
edit
to
edit
Master
Master
title
title
style
style
I tell you details of what I can see
(also metaphorically)
I tell you what my position is vis a vis X
I tell you about the causes or motives of X
I tell you something that is potential
(i.e. non-factual)
I tell you sth. external to our immediate
context on which I have a legitimate
knowledge claim
CDP 12/2018
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CDF construct
Communicative Intention

Examples of CDF verbs

I tell you how we can cut up the world
according to certain ideas

Classify, compare, contrast, match, structure,
categorize, subsume

I tell you about the extension of this object of
specialist knowledge

Define, identify, characterize

Click
Click
to
edit
to
edit
Master
Master
title
title
style
style
I tell you details of what I can see
(also metaphorically)

Describe, label, identify, name, specify

I tell you what my position is vis a vis X

Evaluate, judge, argue, justify, take a stance,
critique, comment, reflect

I tell you about the causes or motives of X

Explain, reason, express cause/effect, draw
conclusions, deduce

I tell you something that is potential
(i.e. non-factual)

Explore, hypothesize, speculate, predict, guess,
estimate, simulate

I tell you sth. external to our immediate
context on which I have a legitimate
knowledge claim

Report, inform, recount, narrate , present,
summarize, relate

CDP 12/2018
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CDF construct
Communicative Intention
I tell you how we can cut up the world
according to certain ideas
I tell you about the extension of this object of
specialist knowledge

Type
categorize
define

Examples of CDF verbs
Classify, compare, contrast, match, structure,
categorize, subsume
Define, identify, characterize

Click
Click
to
edit
to
edit
Master
Master
title
title
style
style
I tell you details of what I can see
(also metaphorically)
I tell you what my position is vis a vis X

describe

Describe, label, identify, name, specify

evaluate

Evaluate, judge, argue, justify, take a stance,
critique, comment, reflect

I tell you about the causes or motives of X

explain

Explain, reason, express cause/effect, draw
conclusions, deduce

I tell you something that is potential
(i.e. non-factual)

explore

Explore, hypothesize, speculate, predict, guess,
estimate, simulate

I tell you sth. external to our immediate
context on which I have a legitimate
knowledge claim
CDP 12/2018

report

Report, inform, recount, narrate , present,
summarize, relate
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Thematic Patterns (Lemke) &
Concept & Language Mapping
(Lin & He)

Background
• 2014 HKDSE Bio Paper 1B Q11 Essay question
(12 marks, with 3 marks for effective communication)
• Recently, some people have adopted a diet rich in lean meat in order to lose
weight and build muscle. They may be able to achieve these aims but there
are some health problems associated with this diet. Discuss the pros and
cons of this controversial diet with regard to the nutritional needs of our
body and protein metabolism.
• 2014 DSE examination report: Poorly answered
• Below shows a writing sample for this essay question from a current S6 Bio
student in school pre-mock exam collected in one of our PhD students’
research
- The student is studying in a Band 2 school
- studied junior science in CMI and New Senior Secondary Bio in EMI
- English ability is perceived by school teachers as high
work-in-progress; please do not quote

Not understand
what is “lean meat”
(not much lipid)
Lack of logical organization
within paragraph

Attempt of
explanation and
discussion from the
1st dimension:
nutritional needs
(pros & cons)

Attempt of
explanation and
discussion from the
2nd dimension:
protein metabolism
(pros & cons)
Wrong concepts

Acknowledgement: Mr.
Terence Leung & Ms. Amy
Wu. Work-in-progress;
please do not quote.

Summary of analysis
• The student has an awareness of how to organize the stages of a
discussion + explanation genre (pros & cons) in writing and seems good
in general English ability
• The student has also understood and attempted to explain and discuss
the pros & cons from two specific dimensions as instructed in the
question (with regard to "nutritional needs" and "protein metabolism")
• However, within the generic stages, the writing contained wrong
concepts, irrelevant information and was lacking in logical organization
• Post interview with the student reveals that he
- did not understand what “lean meat” means
- did not spend time to particularly plan the writing and the logic
- the mastery of the concepts are still shaky, particularly when crosstopic synthesis and application is required (e.g. this essay question
requires knowledge from two chapters in the NSS Bio curriculum)
Work-in-progress; please do not quote.

A thematic map

Work-in-progress; please do not quote.

How to help Ss tackle this challenge?
The way forward?
• Reasoning is combining the use of a thematic pattern with the use of a rhetorical
or genre structure pattern. One supplies the content, the other supplies the form
of organization of the argument.
• Talking science, in the fullest sense, always combines a thematic pattern of
semantic relationships with a structural pattern for organizing how we will
express (i.e., construct) them. (italics original)
• Students need to be taught both the thematics of science and the genres of
science.
-Lemke, 1990, Talking Science, pp. 122-123

How can content and language be integrated
in concept instruction?
Concepts are fundamental in all content subjects, but
they are difficult to learn because of their abstractness
and complexity.
Traditional science pedagogy privileges the notion of
“concepts” but neglects the role played by language.
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Concept mapping
• Concepts are “perceived regularities or patterns in events or objects, or
records of events or objects, designated by a label” (Novak, et al., 1983, p.
625).
• Grounded in Ausubel's (1968) assimilation theory of cognitive learning,
Novak (1977) developed the idea of “cognitive maps” or “concept maps”
(Novak, 1979;1980;1981).

• Although concept mapping is believed to facilitate meaningful learning by
constructing a spatial and visual representation of interconnected concepts
and the hierarchical structure of conceptual knowledge in the human mind
(Novak et al., 1983; Novak, 2010), concept maps which “strip away all text
except for concept labels” may lead to the “lack of clarity for most people”
(Novak, 2010, p. 32).
62

The mentalistic representations of concepts “lack the necessary vocabulary”
(Lemke, 1998) to inform teachers how they should guide their students to learn
and apply the concepts correctly.
Concepts are mediated by thematic patterns. What science teachers typically
do in the classroom is in fact exposing students repeatedly to the ‘thematic
patterns’ (Lemke, 1990).

Thematic-pattern-based
Concept Mapping
Concept + Language
Mapping
63

The theory of “thematic patterns”
“The pattern of connections among the meanings of words
in a particular field of science I will call their thematic
pattern. It is a pattern of semantic relationships that
describes the thematic content, the science content, of a
particular topic area. It is like a network of relationships
among the scientific concepts in a field, but described
semantically, in terms of how language is used in that field”
(Lemke, 1990, p.12).
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Talking Science (Lemke, 1990)
“Talking science is not the totality of doing science.
But very little science gets done, or could get done,
without the semantic resources of language, and
particularly the thematic patterns and genre
structures specific to science”…
...Reasoning is combing the use of thematic pattern
with the use of a rhetorical or genre structure pattern.
One supplies the content, the other supplies the form
of organization of the argument”
(p. 122-123)
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Global thematic strategies
(Lemke, 1990, p.227)
Repetition with
Variation

“One or more repeats of the same partial thematic pattern, each with
some items and relations similarly expressed and other differently
expressed. Enables abstraction of pattern and flexible expression.”

Condensation

“Assigning a pattern of thematic items and their semantic relationships to a
single new thematic item, that is, naming or designating the pattern.
Condensations are then more easily connected to other themes.”

Thematic nexus

“The bringing together of themes expressed in different parts of the
lesson or text into a single structural unit; a synthesis.”

Theme-weaving
(cohesive hamony)

“Establishing patterns of thematic interconnection by introducing
thematic items and relations and bring them together in different
combinations across the lesson or text; usually leads to one
culminative or through more than one intermediate thematic nexus.”

Intertextual
allusion

“Establishing thematic relationships by implicitly or explicitly
invoking a thematic pattern which is not explicitly expressed in the
lesson or text, but which is known to the participants or can be located
in some other text or occasion of discourse.”
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Repetition with Variation

Intertextual allusion

67

Thematic pattern, condensation, thematic nexus and
theme-weaving

68

Research design
“Development Research” Framework
(Reeves, 2000)
CLM materials tried out
by participating teachers
who decided on which
materials to use and
when to use them

teachers and
researchers co-reflected
on the CLM pedagogy
and improved it in an
ongoing process.

thematic-pattern-based
CLM materials
designed by the
researchers and
reviewed by teachers
pre-intervention
interviews with
teachers probing
teaching and
learning challenges

Concurrent triangulation mixed methods
(Creswell, 2003)
•naturalistic observation
•semi-structured interviews
•documents
•quasi-experimental design
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Thematic-pattern-based “C+L Mapping” pedagogy

▪“Concept + Language” teaching/learning materials
-C+ L Cards
-C + L Maps
-C + L supporting materials:
e.g. sentence-making tables, essay writing guides

▪“Concept + Language” teaching/learning activities
-collaborative learning:
e.g. experiments, discussions, games

-self-directed learning:
e.g. completing worksheet, revision at home
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C+L Card
photosynthesis (光合作用): the process by which green plants make food
from carbon dioxide and water using light energy

Language knowledge:
photo-synthesis
photo: “light”
Synthesis (綜合體): “the combining of constituent elements (構成成分) of separate
materials into a unified entity (統一的實體)”

Biology + Language knowledge:

photosynthesis

•Photosynthesis is important because it produces food (starch) and releases
oxygen for all living things.
•Green plants make their own food by photosynthesis.
•Chlorophyll, light, carbon dioxide and water are needed for photosynthesis
during which Carbon dioxide and water are consumed while food (starch) and
oxygen are produced.
•During photosynthesis, green plants convert light energy to chemical energy
stored in the food produced.
•Photosynthesis is important in maintaining the balance of oxygen and carbon
dioxide in the atmosphere.

71
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The action verbs and the nouns in the C+L sentence-making table indicate the
thematic items and semantic relations of each thematic unit. They are classified
as: Process (Verb), Agent (Subject) and Target (Object) (i.e. Transitivity
Relations) and are highlighted with underlining and in bold.
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C+L sentence-making tables
(experimental report)

74

C+L writing guide

75

Findings
The thematic-patterns-based CLM materials were
welcomed by the students and teacher who considered
the CLM pedagogy helpful for learning the science
subject in English as their additional language.
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S3: Uh, like the ‘photosynthesis’ card, it gives you the words. If you find it
difficult, the Chinese translation is just beside the concept and you don’t
need the bother to look it up. It also has a picture, and, and the, the word
equation is right there which is so handy and you don’t need to search the
points page by page. You pick up everything by simply reading one card.
The multimodal information
helped students to better
understand the concept
77

S4: Well for me, I think the (C+L) card ‘test for carbon dioxide’ is quite
good, because it has different, I mean, the words, and they give me the idea
how to express the different actions ...When I need to describe the
procedure (of the test), I can focus on the action words which are grouped
in the card. Unlike the textbook where the words are scattered here and
there and you just don't want to look for them...
The language support was
beneficial for students to better
express the content knowledge
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Findings
The thematic-pattern-based CLM approach enabled the
teacher to guide the students to better understand and
inquire into the science knowledge through both designed
and spontaneous scaffoldings (Gibbons, 2009; Lin, 2016) in
shifting communicative approaches (Mortimer & Scott, 2003).
The thematic-pattern-based CLM materials and activities
enhanced students’ motivation to learn both the content and
language knowledge actively through self-directed and
collaborative learning.
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C+L Map

“Concept + Language” Mapping: The process of photosynthesis

①

carbon
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green plants
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③
from the Sun ④
⑤

Green plants take in carbon dioxide in the air and water from
the soil.
The chlorophyll inside the chloroplasts of the cells of green
plants
absorbs light energy from the Sun
to produce food (starch) and oxygen
from carbon dioxide and water.

food (starch)
and
oxygen
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S4: The C+L maps on the PPT we saw during the lessons made it easier for us the
remember what we've learned. I mean, we don't need to recite everything in the book
all the time.
R: What's the difference between a big map and the cards in different pieces?
S4: Well the maps are bigger when you read them you don't just focus on a certain part.
R: What is there between the different small parts?
S5: There're connections.
R: Are there just arrow-connections or are there also some words in the connections?
S5: There're words, which is good. If there were only cards without connection, it would
be time-consuming for us to search which concepts are linked with which and which one
is being introduced. It would be easier to remember what we've learned if we read the
whole maps.
Complicated concepts are constructed by simple concepts which are
connected logically according to the interrelationship between each
other. The ‘Concept + Language Mapping’ Approach visualises the
interrelatedness between the concepts (thematic patterns).

R: Now can you make your own C+L maps?
S1: I will put all the key points on paper slips, and then stick them on my notebook. And
the maps will connect all the key points together.
The ‘Concept + Language Mapping’ Approach
students to do self-directed learning

motivated
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Repetition with variation
(Lemke, 1990)
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Group experiment design

(Joint construction)

Experimental Reports
(individual construction)
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Findings
The thematic-pattern-based CLM approach helped the teacher to raise
students’ awareness of both science literacy and academic language literacy.

The thematic-pattern-based CLM approach takes effect only when the
teacher integrates flexibly and appropriately the teaching and learning of
both content and language during the CLIL practices.
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Soak means “to immerse
something into liquid to
clean it or make it softer”

Since in the previous experiment
we “soak the leaves in the boiling
tube half-filled with alcohol”
(sample sentence in the sentencemaking table), now can we say
“soak the leaves in the boiling
tube with soda lime?”

Mr X: Okay. ‘Soak’ means you dip something
completely under water. Is it okay? Or under a liquid.
So that is ‘soak’. Highlight that. That is a new word that
you, you may want to learn. Is that okay? Instead of
always saying ‘put, put, put’, you can say ‘soak’.
S1: Mr X. [raising hand] Can we soak the… soak the
leaves to the soda… soda…lime?
Mr X: Under water or liquid. [smiling] Good question.
What do you think? Soda lime, soda lime. Is soda lime
liquid or solid?
S2: Solid.
Mr X: Soda lime is solid, right? So can we use the verb
‘soak’?
Ss: No.

Mr X: No. But good try.

Soda lime is a solid
mixture of sodium and
calcium hydroxides used
to absorb carbon dioxide
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Integrating the learning of
academic content knolwedge and academic language knowledge

liquid

The thematic pattern (“Soak” , “the leaf” , “into a boiling tube half-filled with
alcohol”) PROCESS/TARGET/CIRCUMSTANCE is highlighted in the sentencemaking table. The special feature of the CIRCUMSTANCE of the thematic pattern
requires a “liquid” not a “solid”.
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Conclusion- Future Areas for Research
• Collaboration of science education and second language education
researchers
• Science education pedagogy & language education pedagogy: tension
and integration
• Assessment: How to integrate assessment of science concepts/
knowledge and assessment of description/explanation in disciplinespecific linguistic and multimodal genres and conventions
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