


Global Developments in Literacy Research
for Science Education



Kok-Sing Tang · Kristina Danielsson
Editors

Global Developments in
Literacy Research
for Science Education



Editors
Kok-Sing Tang
Curtin University
Perth
Australia

Kristina Danielsson
Linnaeus University
Växjö
Sweden

ISBN 978-3-319-69196-1 ISBN 978-3-319-69197-8 (eBook)
https://doi.org/10.1007/978-3-319-69197-8

Library of Congress Control Number: 2018930334

© Springer International Publishing AG 2018
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recita-
tion, broadcasting, reproduction on microfilms or in any other physical way, and transmission or infor-
mation storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publica-
tion does not imply, even in the absence of a specific statement, that such names are exempt from the
relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, express or implied, with respect to the material contained herein
or for any errors or omissions that may have been made. The publisher remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer International Publishing AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland



Foreword

Everywhere I turn, I see calls for more attention to science learning or education.
Whether focused on science, engineering, design thinking, computational thinking,
or coding, the calls for attention to science and science literacy are relentless.
In many ways, this volume answers that call, providing researchers with richly
layered, systematically studied, and robustly analyzed collections of data about
teaching and learning of science, concepts, practices, and skills. But this volume
does more. This volume draws our attention to the call that we need to make, a
call for the study of the linguistic and humanistic dimensions of science teaching,
learning, and practice.

As I read this book, I found myself asking, “What is science education for the
21st century?” What should be our foci, our principles, our raison d’être as scho-
lars who care about science teaching and learning? In the USA the overwhelming
emphasis in science-focused conversations is on developing technical skill,
whether the natural scientific and mathematical concepts necessary to carry out
research and development; the componential knowledge and skill necessary to
build tools and instruments for design, data collection, engineering, and develop-
ment; or the literacy skill to develop, track, and communicate designs and claims.
In this technocratic approach to science teaching and learning, literacy skill in par-
ticular is conceptualized as facility with words and, at times, with other
representations.

Such technical language skills matter, to be sure, but too often the human
dimension of science literacy teaching and learning is left unacknowledged and
unaddressed. That is, how do science practitioners think about their work? What is
the passion that drives them to engage tirelessly in a seemingly mundane task all
for the sake of producing knowledge, designing a thing, or solving a problem?
Why do they use language as they do? Why do words and ways with words and
other representations matter so much in communicating one’s findings? And how
often do educators provide students with opportunities to experience and grasp
those purposes and passions? In a recent observation of engineers in an optical
sensors lab, a colleague watched an engineer cheering on particles as he set up an
experiment (Giroux & Moje, in press). Although many in science education would

v



decry the anthropomorphizing of inanimate objects, claiming that such thinking
diminishes the “science,” what one sees when actually studying members of
science disciplines and professions in practice is a strongly personal and impas-
sioned stance toward their work. They are in it because they love it. That passion
produces powerful thinking; it produces the necessary commitment to carry out
the same task repeatedly until one produces results; that passion leads to asking
new questions and seeking new knowledge or innovations. That passion turns
what some would refer to as jargon into absolutely necessary technical language,
language that signals membership in a specialized community of practice; lan-
guage that matters because the work matters.

Science educators need to learn to teach that passion, to help learners see in dif-
ferent ways, and to give access to the purposes, the goals, and the dreams of peo-
ple who do this work. When I was carrying out my own dissertation work many
years ago, a young woman called Heather told me that she liked chemistry class
because it was easy. It all made sense. The answers were all available. She went
on to say that although it was easy, it wasn’t really interesting because it wasn’t,
in her words, “about life and death” (Moje, 1996). At the time she shared this
observation with me, her class was in the midst of a unit on nuclear chemistry.
This young woman did not see the role that knowledge of chemistry could play in
matters of life or death. She was bright, able, and curious. She found the subject
matter “easy.” But she had no passion or commitment to studying in the field
because she saw no value, no purpose, no meaning to the work. So many years
later, the field of science education is not, I would argue, much further along. But
that is where this volume enters the picture.

Kok-Sing Tang and Kristina Danielsson have crafted a wonderful volume, one
filled with reports of careful, systematic, and rigorous research on science literacy
teaching and learning that, even as they advance an interest in the technical lan-
guage skills needed for science learning, also place meaning, purpose, and engage-
ment at the heart of building that technical skill. What Tang, Danielsson, and
colleagues recognize is that science language research—and, therefore, science
language learning, are human activities. From studies of science language learning
in intercultural contexts to the study of figurative language learning and the prac-
tice of teaching writing in the midst of real scientific inquiry, these chapters
assume that to learn oral and written languages of science, learners must have
meaningful inquiry, richly articulated purposes, and powerful opportunities to
practice what they are learning. They have to know why they need to use language
in particular ways. They have to know why one representation might be more
meaningful or useful than another. And they have to know why others might not
be convinced by their arguments unless they offer ample and systematically col-
lected evidence in an accessible manner. To engage learners in deep science learn-
ing and the appropriate use of scientific language and representation, one must
understand who learners are and help them see why science matters. Tang,
Danielsson, and their colleagues have contributed to this effort with a volume
replete with careful, learner-focused, science literacy research.
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The why of science is at the heart of science language and literacy learning.
This volume makes that clear while also offering critical information for how to
teach and engage children and youth in the most powerful ways. In that respect,
this volume is a must-read for all those interested in understanding and advancing
science and science literacy as meaningful, purposeful, human activity.

Elizabeth Birr Moje, DeanSchool of Education, University of Michigan
Ann Arbor, Michigan, USA
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Chapter 1
The Expanding Development of Literacy
Research in Science Education Around
the World

Kok-Sing Tang and Kristina Danielsson

Abstract This introductory chapter summarizes the research background that
motivates this book volume and the broad conceptualizations of literacy adopted
by the various contributors within the context of science education. It also pro-
vides an overview of the six sections in this book, namely (i) national curriculum
and initiatives, (ii) content and language integrated learning (CLIL), (iii) class-
room literacy practices, (iv) disciplinary literacy challenges, (v) disciplinary
literacy and science inquiry, and (vi) teacher development, and summarizes the
contributions within each section.

Keywords Literacy · content area literacy · disciplinary literacy · scientific
literacy · multimodality · national curriculum · content and language integrated
learning (CLIL) · classroom practices · literacy challenges · science inquiry ·
teacher development

1.1 Background

Literacy has been a major research area in science education for several decades.
Researchers exploring the connection between literacy and science learning generally
come from the language arts and science education communities, and they bring with
them a diverse range of theoretical perspectives and methodological orientations. For
some time, research in this area has tended to be situated in and originate from North
America, culminating in two prominent conferences that brought scholars from lit-
eracy and science education together with a common interest in promoting literacy in
science. The first conference – Crossing Borders: Connecting Science and Literacy,
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was held at the University of Maryland in 2001 (Saul, 2004) while the second
conference – Ontological, Epistemological, Linguistic, and Pedagogical Considerations
of Language and Science Literacy, was held at the University of Victoria in 2002
(Hand et al., 2003; Yore et al., 2004; Yore & Treagust, 2006). This “border crossing”
conversation continued with the “Literacy for science in the Common Core ELA
Standards and the Next Generation Science Standards” workshop in Washington, DC,
in December 2013 (National Research Council, 2014).

The development of literacy research in science education has continued to
expand and gained increasing attention across the globe. More countries are
currently examining the role of literacy in their national curriculum and have
undertaken research to integrate various literacy practices into the teaching and
learning of science (e.g., see Chaps. 2–4). This edited volume aims to highlight
this growing development around the world, in addition to seeking new ideas and
perspectives that emerge when researchers in different parts of the world address
literacy-related issues in science classrooms within their respective linguistic,
cultural, and political contexts. Specifically, this volume showcases recent deve-
lopments in literacy-science research from countries and territories such as
Australia, Brazil, China, Finland, Germany, Hong Kong, New Zealand, Norway,
Singapore, South Africa, Spain, Sweden, Taiwan, and the USA.

The majority of the chapters in this volume were based on selected studies pre-
sented at several international conferences, notably the 7th International Conference
on Multimodality (ICOM) in Hong Kong in June 2014, the 3rd International
Science Education Conference (ISEC) in Singapore in November 2014, and the 11th

European Science Education Research Association Conference (ESERA) in
Helsinki in September 2015. It was evident that a significant number of conference
presentations had a strong literacy focus in descriptive or intervention research
conducted within science classrooms. This reflects the growing trend of literacy
research in science education around the world, and consequently, the relevance and
timeliness of this collected volume.

1.2 Evolving Views of Literacy

Research focusing on literacy in science dates back many decades under the terms
“content area literacy” or “literacy across the curriculum” (Shanahan & Shanahan,
2008). Researchers in this area argue that the importance of reading and writing is
not confined to the language classrooms, but should extend to all content areas.
To support content area literacy, a range of reading and writing strategies for
making sense of text have been developed and advocated to be used in the science
classrooms. Well-known strategies include reciprocal teaching, CORI (Concept-
Oriented Reading Instruction) and SQ3R (Survey, Question, Read, Recite,
Review). These strategies are widely used in the USA by reading experts during
remedial programs for struggling learners with the intention of improving their
reading skills. While research in this area sowed the ideas of infusing literacy
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teaching into content subjects, the research mostly emphasized the application of
generalizable reading and writing skills in all subject matter classrooms, rather
than focused on a specific skill or practice that is characteristic of a discipline. As
Shanahan and Shanahan (2008) argue, these strategies tend to be more effective
for primary school students and less beneficial at the secondary and tertiary level.
This partly explains why content area teachers in secondary and tertiary schools
have largely been resistant to content area literacy despite the efforts of their
literacy counterparts (Moje, 2008).

In the 1990s, content area literacy saw a gradual turn toward the language
aspects of the discipline and most notably, the linguistic and discursive features of
science. Researchers during this turn have begun to study classroom discourse as
a “kind of applied linguistics” consisting of interactional moves and exchanges
(Cazden, 1988). They have also developed analytical frameworks to characterize
classroom talk, such as the triadic Initiate-Response-Evaluate exchange pattern
(Mehan, 1979) or the Initiate-Response-Follow-up sequence (Wells, 1993), and
the distinction between authoritative and dialogic talk (Mortimer & Scott, 2003).
In science education, Lemke’s (1990) Talking Science was generally attributed as
the landmark study that foregrounds the role of language in science classroom dis-
course (Kelly, 2007). Based on in-depth analysis of talk and interaction among the
teachers and students in science classrooms, Lemke (1990) concludes that learning
science is largely learning the language of science.

In written texts, the theory of systemic functional linguistics (SFL) was widely
used to characterize the literacy of science according to the unique linguistic fea-
tures of scientific texts. For instance, Halliday and Martin (1993) describe several
characteristics of science register such as interlocking definitions, technical taxo-
nomies, lexical density, and nominalization. Other researchers have also analyzed
the recurring patterns of science genres, such as information report, experimental
procedure, explanation, and argument (Unsworth, 1998; Veel, 1997) that students
typically go through and need to learn in science lessons. These studies subse-
quently led to a specific literacy approach known as “genre pedagogy” that expli-
citly teaches students to unpack the register and genre of written texts in science
(Hyland, 2007; Unsworth, 2001).

At the turn of this century, developments in multimodality began to shift and
expand the scope of scientific language to representations such as images, graphs,
symbols, and gestures that are ubiquitously used in science classrooms (Jewitt,
2008). For example, Kress, Jewitt, Ogborn, and Tsatsarelis (2001) document the
complex ensemble of multiple modes of representation orchestrated by the science
teacher as a way of shaping scientific knowledge through a process of sign-
making. In an analysis of the literacy demands of the science curriculum, Lemke
(1998) also demonstrates that scientific knowledge is made through joint meaning-
making across multiple semiotic modes. In particular, he stresses that the “con-
cepts” of science are “semiotic hybrids of verbal, mathematical, visual-graphical,
and actional-operational modes” (Lemke, 1998, p. 88). Subsequently, many other
studies have examined how science teachers and students used multimodal repre-
sentations to construct an understanding of different science concepts at various
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grade levels (e.g., Danielsson, 2016; Márquez, Izquierdo, & Espinet, 2006; Prain,
Tytler, & Peterson, 2009; Tang, Delgado, & Moje, 2014). A common conclusion
from these studies is the lack of emphasis on addressing the literacy demands of
the multimodal practices in science.

In more recent years, there has been a growing “practice turn” toward getting
students to learn the disciplinary practices of science (Erduran, 2015; Ford &
Forman, 2006). This emphasis on practice arose mainly from the beliefs that
students should be engaged in the activities of scientists, rather than passively
learn the products of their practices in the form of scientific knowledge or genres.
At the same time, there has been a shift toward viewing literacy as not just the
conceptual or linguistic tools to support content or language learning in science,
but also a form of social practice (Gee, 1992) to support the epistemic processes
specific to a discourse community (Moje, 2008). Thus, the focus is on using lit-
eracy to engage students in the practices of science so that they develop a deeper
understanding of how knowledge in science is formed as well as an appreciation
of how the discipline develops its unique ways of knowing. In terms of classroom
teaching, the emphasis has been on disciplinary literacy where students are sup-
ported in their use of scientific texts and language as part of scientific inquiry pro-
cess (Moje, Collazo, Carrillo, & Marx, 2001). The literacy instruction includes
teaching students how to use language more effectively to: (a) construct scientific
explanations, (b) engage in evidence-based arguments, and (c) obtaining, evaluat-
ing, and communicating multimodal information. These three practices are among
the eight core practices identified in the Next Generation Science Standards
(NGSS) – a recent science education standards document in the USA (National
Research Council, 2012).

The authors in this volume adopt a broad conceptualization of literacy that
reflects the various linguistic, multimodal, and practice turns of literacy described
earlier. The authors also come from a mix of disciplinary backgrounds such as
science education, language education, applied linguistics, and the learning
sciences. Although the range of theoretical perspectives and research methods
varies, most authors raise similar research questions concerning the role of literacy
in science teaching and learning, such as:

1. How do students, of various cultural and linguistic backgrounds, learn science
through the various languages and representations of science?

2. How do teachers use various literacy activities and instructions to engage their
students in constructing scientific meanings and practices?

3. What literacy approaches or pedagogies are suited to support diverse groups of
students in science learning, broadly conceived in terms of gaining scientific
knowledge, languages, practices, and dispositions?

In using the term “literacy” in science education, the authors are mindful that this
is different from the notion of “scientific literacy,” which is generally accepted as
the educational vision of producing future citizens able to participate in or make
informed decisions on science-related societal and political issues (Roberts, 2007).
Instead, we are more concerned with the “fundamental” sense of literacy – as ways

4 K.-S. Tang and K. Danielsson



of using language, in a broad sense, including multimodal forms of representing
scientific ideas – that will help students develop the “derived sense” of scientific lit-
eracy associated with the conceptual knowledge of and dispositions toward science
(Norris & Phillips, 2003). Nevertheless, it is evident that scientific literacy presup-
poses a certain level of literacy in its fundamental sense (Hodson, 2008). Access to
scientific knowledge and communication, participation in science-related activities,
and debate about socio-scientific issues cannot be carried out other than through the
language and representations of science. In other words, the focus on literacy in this
book is more related to the means and how of achieving scientific literacy, rather
than postulating or debating about the visions and problems of scientific literacy.

1.3 Overview of Chapters

This volume, consisting of 22 chapters, is organized around six thematic sections:
(1) National Curriculum and Initiatives, (2) Content and Language Integrated
Learning (CLIL), (3) Classroom Literacy Practices, (4) Disciplinary Literacy
Challenges, (5) Disciplinary Literacy and Science Inquiry, and (6) Teacher
Development.

The first section opens the volume with a broad overview of the changing
national curriculum landscape toward literacy with examples from three countries:
Norway, Australia, and Singapore. With each country representing a unique geo-
political and historical context, the three chapters in this section provide a snap-
shot of curriculum development in different parts of the world and, at the same
time, they highlight a common global trend in terms of foregrounding the role of
literacy in the content areas. In Chap. 2, Knain and Ødegaard describe how the
curriculum reform, which began in Norway in 2006, increased the focus on basic
literacy skills across all subject areas. They also describe the challenges and issues
faced by Norwegian teachers and school leaders in developing reading, writing,
and oral communication competencies as part of their disciplinary curriculum. In
Australia, as explained by Davison and Ollerhead (Chap. 3), the importance of lit-
eracy in every subject has a long history given Australia’s multicultural society
and its national priority in supporting learners of English as a second language.
With the new Australian Curriculum, there has been even greater focus on
teachers integrating subject-specific language and literacy requirements into their
content teaching. In Singapore, as Ho, Rappa, and Tang (Chap. 4) report, the
emphasis on disciplinary literacy has a different origin. Under the banner of
“effective communication” spearheaded by the Ministry of Education, there is a
growing awareness that good teaching should include the skillful use of subject-
specific language to help students better process and understand the subject.

Besides providing the curriculum background of each respective country, each
chapter also focuses on different aspects of research and developmental work
undertaken in the country. Knain and Ødegaard report on various research projects
in Norway from both language and science education research that have been
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carried out to support the national research agenda on literacy (one such project is
further elaborated in Chap. 16). Davison and Ollerhead focus on preservice
teacher education in Australia as this is a crucial element that determines success
in integrating subject-specific literacy in the classrooms. In Singapore, Ho et al.
elaborate on the systemic support provided by the Ministry of Education in colla-
boration with the National Institute of Education, and how this support has been a
key factor for change in the educational system.

The second section features research studies that focus on content and language
integrated learning (CLIL) which deal with classrooms where students are learning
a majority language at the same time as they learn science. CLIL refers to an
instructional approach that combines content and language teaching (Markic,
Chap. 5) and the practice of teaching content using a second or foreign language
(Lo, Lin, & Cheung, Chap. 6). Given the diverse linguistic background of students
in Germany, Hong Kong, South Africa, Singapore, and the USA, the chapters in
this section collectively provide a complex picture of what it means to help second
language learners who are learning a new medium of instruction in the country as
well as the unfamiliar language of science, in what is effectively a “multilingual
science lesson.” First, Markic explains in Chap. 5 the situation of migrant children
in Germany and the problem of getting science teachers to address the teaching of
German as a foreign language in their science lessons. She presents a participatory
action research involving science teachers and German as a second language
(GSL) teachers, and reports some success in helping linguistically disadvantaged
students. Chapter 6 by Lo et al. follows up with a similar study in Hong Kong in
terms of the rationale and approach of having science and English language tea-
chers work together. An interesting aspect in their study was the teachers’ use of
the Sydney School’s genre-based pedagogy (Rose & Martin, 2012), followed by
their illustrations of how the teachers weaved English language teaching into the
process of science knowledge construction.

In Msimanga and Erduran’s Chap. 7, the focus shifts to South Africa where the
problem is further compounded by most students learning English as their third or
subsequent language and being taught by science teachers who themselves are not
proficient in English. This unique situation led Msimanga and Erduran to investi-
gate how teachers who were nonnative speakers of English consciously or uncon-
sciously used meta-talk as a discursive tool to engage students in discussing
scientific ideas. The attention to meta-talk, or metadiscourse, reflects the growing
awareness of this discursive resource that can potentially be used to engage
students in the learning of science (Tang, 2017). The last chapter in this section by
Wu, Mensah, and Tang (Chap. 8) provides a contrasting view to the argument of
CLIL. While a key benefit of CLIL is to use content learning to support second or
additional language development, Wu et al. question the role of the students’
native language in learning science. With case studies from English language
learners (ELLs) in New York and Singapore, this chapter illustrates the content-
language tension faced by ELLs and aptly reminds us that language use in science
classrooms is not merely shaped by cognitive or linguistic considerations, but is
also largely ideologically and politically contested.

6 K.-S. Tang and K. Danielsson

http://dx.doi.org/10.1007/978-3-319-69197-8_16
http://dx.doi.org/10.1007/978-3-319-69197-8_5
http://dx.doi.org/10.1007/978-3-319-69197-8_6
http://dx.doi.org/10.1007/978-3-319-69197-8_5
http://dx.doi.org/10.1007/978-3-319-69197-8_6
http://dx.doi.org/10.1007/978-3-319-69197-8_7
http://dx.doi.org/10.1007/978-3-319-69197-8_8


The third section explores the role of literacy in science classroom discourse.
Wilson and Jesson (Chap. 9) provide an overview of the nature of literacy teach-
ing in several science classrooms in Auckland where the teachers were identified
by their school leaders as effective at developing students’ literacy in science.
Given the vision for literacy in science expressed in the New Zealand Curriculum
(similar to Australia as reported in Chap. 3), what is telling from their findings
was the limited range of literacy teaching confined to vocabulary instruction,
repeated practice tasks, and the use of short teacher-designed texts. Wilson and
Jesson thus advocate the need for a broader focus on more disciplinary-
appropriate ways of reading, writing, and talking. In Chap. 10, Cavalcanti Neto,
Amaral, and Mortimer analyze the discursive interactions in three biology class-
rooms on the topic of environment. By unpacking teaching strategies (e.g., oral
exposure, questioning, reading) in terms of discursive interactions, they highlight
how different discursive patterns (e.g., dialogic, authoritative) can facilitate or hin-
der the development of scientific literacy, both in the fundamental sense (Norris &
Phillips, 2003) and Vision II of scientific literacy (Roberts, 2007). Chapters 11
and 12 shift the attention of literacy toward its multimodal aspect. Jakobson,
Danielsson, Axelsson, and Uddling in Chap. 11 investigate the role of multimodal
classroom interaction in students’ science meaning-making in a grade 5 multilin-
gual classroom in Sweden. They illustrate in microanalytic detail how the concept
of measuring time is a multimodal assemblage of spoken and written language,
gestures, physical objects, models, and metaphors. In a similar approach, He and
Forey (Chap. 12) study how a range of semiotic resources was used to construct a
sequential explanation of digestion in a grade 9 Australian science classroom, and
further elucidate the “multiplying meaning” principle first proposed by Lemke
(1998).

The fourth section addresses the question of what makes the literacy practices
of science so challenging for many students. Liu tackles this question in Chap. 13
by examining the language of symbolic formulae in secondary school chemistry
textbooks. His analysis reveals that a chemical formula often incorporates two
different types of meanings to represent both the quantitative and qualitative com-
position of a compound. Making this distinction can help educators understand the
literacy challenges posed by symbolic formulation in chemistry texts. In Chap. 14,
Danielsson, Löfgren, and Pettersson examine another aspect of literacy challenge
in the disciplinary discourse of chemistry – the use of metaphors. From their ana-
lysis of chemistry lessons in Sweden and Finland focusing on the atomic structure
and ion formation, they found that the teachers used an abundance of scientific,
everyday, and anthropomorphic metaphors to foreground different properties of
the atom. With each metaphor having different affordances, or “gains and losses,”
in understanding chemistry, they argue for the need to have more discussions
around metaphors in the classrooms. In Chap. 15, Ge, Unsworth, Wang, & Chang
turn to the role of image in students’ reading comprehension of science texts in
Taiwan. Combining perspectives from cognitive and semiotic theories, they
designed and conducted an experiment to test the hypothesis that image designs
with salient tree structure can lead to better reading comprehension of the concept
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of biological classification system. Their findings offer empirical evidence to sup-
port the principle of sound image design in science teaching and instructional
design.

The fifth section focuses on the role of disciplinary literacy in science inquiry
and practices, and features three design research projects aimed at integrating lit-
eracy and inquiry. These projects start with the guiding principle that literacy in
the classroom should mirror the disciplinary practices of scientists (Pearson, Moje, &
Greenleaf, 2010). The first project (Ødegaard, Chap. 16) is the Budding Science
and Literacy research implemented as part of the Norwegian curriculum emphasis
on disciplinary literacy (Chap. 2). Inspired by the Seeds of Science/Roots of
Reading (Barber et al., 2007), a teaching model was developed and enacted by six
primary science teachers in Norway. From various data sources, Ødegaard argues
that literacy activities embedded in science inquiry provide crucial support
for students’ meaning-making in science. A similar project by Tang and Putra
(Chap. 17) was carried out in four secondary physics and chemistry classrooms in
Singapore, in alignment with the country’s new emphasis on subject-specific
literacy (Chap. 4). They adapted the 5E Inquiry Model (Bybee et al., 2006) and
infused literacy strategies designed to support students in constructing scientific
explanations. Focusing on the teachers’ enactment of the pedagogical model, Tang
and Putra illustrate how literacy instruction can enable inquiry-based science. In
Chap. 18, Tytler, Prain, and Hubber focus on another core aspect of science disci-
plinary literacy, which is the construction of multimodal representations. They
developed a “representation construction” approach to inquiry in Australia to
engage students in experimenting, generating, and refining representations to
explain the material world. Through this inquiry approach, Tytler et al. argue that
students can achieve a meta-representational understanding of how texts and
knowledge are produced in scientific work.

The last section in this volume explores the important issues and tensions faced
in preparing science teachers to integrate disciplinary literacy in their teaching. In
the context of training a group of preservice primary teachers in Spain to become
CLIL teachers, Espinet, Valdés-Sanchez, and Hernández (Chap. 19) examine the
student teachers’ beliefs and expectations through their science and language
experience narratives. They found that the student teachers’ science experiences
were more related to school contexts and associated with negative experiences,
whereas their language experiences were connected to a variety of out-of-school
contexts and were more positive. Their result points to the need to address the iso-
lation of science from the social and personal life of not only young children, but
importantly of our preservice teachers as well. It also raises the question of how to
use the teachers’ positive language experiences as contexts for anchoring their
science experiences. In Chap. 20, Hand, Park, and Suh focus attention on in-ser-
vice science teachers’ epistemic orientations toward the role of language. Through
a 3-year professional development program in Midwestern USA, they tracked
changes in the teachers’ epistemic orientations and pedagogical practices as they
learned and implemented the Science Writing Heuristic (SWH) approach. Their
preliminary findings underscore the importance of teachers understanding the
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critical role of language as an epistemic tool, and the potential impact of such epis-
temic orientations on improving student learning. Lastly, Airey and Larsson
(Chap. 21) explore the disciplinary literacy goals of undergraduate physics lec-
turers in Sweden and South Africa, and argue that each discipline emphasizes
varying communicative practices for three different settings: the academy, the
workplace, and society. These interdisciplinary differences pose significant chal-
lenges for physics trainee teachers who have to navigate across the disciplines of
physics and education during their preservice teacher education.

1.4 Concluding Remarks

In sum, the studies featured in these chapters provide a landscape of the research
within the literacy-science nexus stretching across the globe. This niche area of
research has seen “cross-border” dialogue between researchers from literacy and
science education predominantly from North America for the last few decades,
and now increasingly involves researchers from around the world. In this regard, this
volume not only contributes notable literature to the expanding conversation, but
also represents a shift of this “cross-border” dialogue from the initial disciplinary
“borders” between literacy and science to the present international borders across
national boundaries. We hope that this volume will serve as a catalyst for more
studies that will contribute to the continuing global conversation in the intersection
of literacy and science education research.
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Chapter 2
The Implementation of Scientific Literacy as
Basic Skills in Norway After the School Reform
of 2006

Erik Knain and Marianne Ødegaard

Abstract In 2006, Norway implemented a new curriculum, which introduced
basic literacy skills in every school subject. In this new curriculum, the basic
skills are considered fundamental to learning in every school subject. As a
consequence, since 2006, Norwegian teachers and school leaders have been
grappling with how to develop and teach writing, reading, and oral communica-
tion as an integrated part of disciplinary education. Several initiatives have
sought to develop literacy in school science since the introduction of the curri-
culum. However, teachers and school leaders are generally somewhat hesitant
to explicitly address basic skills in the classroom. Some communities of tea-
chers who discuss the purposes and qualities of writing have nonetheless been
successfully established in Norway. We will discuss two approaches for the
implementation of the curriculum reform. The first is based on first language
(L1) literacy research, considering literacy as a general competence, however
with a strong emphasis on writing in the disciplines. The second is from the
science education community, with its emphasis on scientific literacy. Some of
the major projects in Norway have focused on the intersection between the
basic literacy skills and the process dimension of science in the main area “The
Budding Researcher” in the new curriculum. We conclude that these two
approaches each have their own strengths for developing scientific literacy and
the basic skills introduced in the curriculum. Together, they offer opportunities
for considering basic skills as both generic and discipline-specific, and for
developing a metalanguage for discussing and reflecting on the teaching and
learning of school science.
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2.1 Introduction: Basic Skills in a Curriculum Reform

The Knowledge Promotion Reform was introduced in autumn 2006 in Norway.
The National Curriculum for Knowledge Promotion in Primary and Secondary
Education and Training (LK06) comprises the following areas: the Core
Curriculum, the Quality Framework, Subject Curricula, Distribution of Teaching
Hours per Subject, and Individual Assessment. The reform covers primary, lower
secondary, and upper secondary education and training. Another part of the reform
was the introduction of national tests of students’ abilities in reading, mathematics,
and English to determine whether students’ skills were consistent with the curricu-
lum goals. The tests were intended to serve as a platform for professional develop-
ment at the school and school owner levels (municipality or county councils)
(Ministry of Education and Research, 2006). The published results include the
municipality level as the smallest unit. The use of these tests is debated in Norway,
with critics claiming that the tests lead to variations of “teaching to the test,” rather
than their intended goal of fostering the local development of teaching practices.

This chapter will discuss the nature of these basic skills and the efforts to imple-
ment them in the wake of the Knowledge Promotion Reform. Although the main
focus of this chapter is school science, it is necessary to consider both the skills and
the efforts to implement them in school teaching from a broader perspective. One of
the key characteristics of the basic skills is that they were described at a general
level as key competencies across all school subjects. Also, they were specifically
described in each school subject with a clear understanding that they need to be
adapted to and taught in accordance with the nature of the specific school subjects.
The basic skills include the following: numeracy, the ability to read, the ability to
express oneself orally, the ability to express oneself in writing, and the ability to use
digital tools. The following citations from LK06 cover their main features:

Oral skills in natural science means listening, speaking, and conversing to describe, share,
and develop knowledge with content about natural science related to observations and
experiences. This involves using natural science concepts to communicate knowledge and
to formulate questions, arguments, and explanations. […] This involves an increasing use
of natural science concepts to express understanding, to form opinions, and to participate
in academic discussions.

Being able to express oneself in writing in natural science means using text genres from
the natural sciences to formulate questions and hypotheses, write plans and formulate
explanations, compare and reflect on information, and use sources in a purposeful manner.
This also involves describing one’s observations and experiences, comparing information,
arguing one’s viewpoints, and reporting from field work, experiments, and processes
related to technological development. […] The development of writing proficiency in the
subject of natural science begins with using simple forms of expression before gradually
using more precise natural science and scientific concepts, symbols, graphic presentation,
and argumentation.

Being able to read in natural science means understanding and using natural science and
scientific concepts, symbols, diagrams, and arguments through goal-oriented work with
natural science texts. This involves being able to identify, interpret, and use information
from composite texts in books, newspapers, operating manuals, rules, brochures, and
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digital sources. Reading in natural science includes critical assessment of how information
is presented and used in arguments, e.g., by being able to distinguish between data,
assumptions, assertions, hypotheses, and conclusions.

Numeracy in natural science means gathering, processing, and presenting figures and
numbers. Digital skills in natural science means using digital tools to explore, record, cal-
culate, visualize, document, and publish data from one’s own and others’ studies, experi-
ments, and fieldwork (The Norwegian Directorate for Education and Training, 2016).

The notion of basic competencies was introduced by the official government
report “I første rekke” (“First in line”) (Official Norwegian Reports (NOU), 2003).
LK06 includes two important references to the basic skills, that is, to literacy and
to international efforts to define key competencies. The latter initiatives include
the European Union’s Asia-Europe Meeting (ASEM) framework and The
Organization for Economic Co-operation and Development (OECD) project
Definition and Selection of Competencies (DeSeCo) (Rychen & Salganik, 2003).
The DeSeCo project developed a theoretical framing of competencies that aligns
closely with “literacy.” This framework understands “competence” as individual
competencies that are found in social interactions and depend on cultural condi-
tions. DeSeCo also understands competence as simultaneously situated and trans-
ferrable across situations. Interestingly, the term “literacy” is only used in the term
“digital literacy,” in the listing of basic skills in the “First in line” government
report. The notion of liberal education (allmenndannelse) seems to be a stronger
reference point in this official government report. In the later white paper “Culture
for Learning” (Ministry of Education and Research, 2004), literacy is connected to
the basic skills, as the following excerpt illustrates:

The basic skills that are described here are necessary preconditions for learning and devel-
opment in schools, the workplace, and civic society. They are independent of school sub-
jects, but the school subjects are suitable for the development of such skills to varying
degrees. These basic skills resemble the English concept of “literacy,” which extends
beyond only being able to read. It also encompasses “reading, writing, and numeracy”
(English in original), and includes a variety of skills, such as the ability “to identify, to
understand, to interpret, to create, and to communicate.” (Ministry of Education and
Research, 2004, p. 33) (author’s translation).

The above excerpt alludes to literacy as a complete set of functional skills that
are both cross-curricular and subject specific. The Subject Curricula in LK06 is
organized according to main subject areas, though the basic skills cut across these
main areas. Examples of subject areas include “Biological Diversity,” “Body and
Health,” and “Phenomenon and Substances.” Within each subject area, several
specific competence goals are introduced by a verb that indicates the basic skills
that are emphasized, that is, to describe, to explain, to argue, to discuss, to men-
tion. For instance, the following goals are introduced for the tenth grade (our
translation; key verbs are underlined):

• Describe the universe and different theories for how it has developed.
• Explain how we can produce electric energy from renewable and nonrenewable

energy sources, and discuss the environmental effects of different ways of pro-
ducing energy (The Norwegian Directorate for Education and Training, 2016).
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To address the process dimension of science, the concept of “the budding
researcher” was introduced as one of the main subject areas. The functional aspect
of the basic skills in science can be identified if we consider the following descrip-
tion in LK06 of the budding researcher:

The Budding Researcher

Teaching in natural science presents natural science as both a product that shows the
knowledge we have acquired thus far in history and as processes that deal with how
knowledge of natural science is developed and established. These processes involve the
formulation of hypotheses, experimentation, systematic observations, discussions, critical
assessment, argumentation, grounds for conclusion and presentation. The budding
researcher shall uphold these dimensions while learning in the subject and integrate them
into the other main subject areas (LK06).

This main area includes the basic skills cited above, that is, the formulation of
hypotheses, discussions, critical assessment, argumentation, grounds for conclu-
sion, and presentation.

The relationship between The Budding Researcher and the basic skills will be
investigated later in this chapter, as it was paramount to substantive research and
development initiatives in Norway, building on the idea that the concept of the
budding researcher opened a training ground for basic skills, whereas basic skills
became tools needed in inquiry.

2.2 Implementation and Development

The basic skills outlined in the curriculum fit into a “writing across the curricu-
lum” (WAC) movement, which merged with the genre school into the Writing in
the Disciplines pedagogy (WiD), “where disciplinary discourses are investigated
and where students are helped to learn about the format and style guidelines for
professional genres” (Hertzberg & Roe, 2015, p. 3). This development in the
field of writing pedagogy is one main entry point to an understanding of basic
skills. Further, within the field of science education, scientific literacy has been
developing for decades—initially in a derived sense, but later also in a funda-
mental sense (Norris & Phillips, 2003). The fundamental sense is based on the
essential role of text in science and involves reading, writing, and being fluent in
the discourse patterns and communication systems of science. The derived sense
of scientific literacy stems from the fundamental sense and involves being knowl-
edgeable and educated in science and being able to take a critical stance on infor-
mation. There has been a strong focus on scientific literacy in the Norwegian
educational context as a functional and textual competence (Knain, 2015; Sørvik,
Blikstad-Balas, & Ødegaard, 2015). Efforts to implement instruction that leads to
scientific literacy driven by the science education community in Norway are the
second main entry point in our attempt to answer the question: In light of the

18 E. Knain and M. Ødegaard



developments taking place after the introduction of the new curriculum, what
happened in schools?

2.2.1 Assessments of the Curriculum Reform

In a review of assessments conducted after the implementation of the new curricu-
lum, Rødnes and Gilje (2016) concluded that basic skills had not been systemati-
cally emphasized by teachers as intended. However, Sivesind (2012) concluded
that there is evidence of Norwegian teachers’ increased capability to explicitly
focus on basic skills when teaching students. There is also significant variation
between teachers and among school leaders regarding what “basic skills” actually
means. Based on case studies conducted in ten schools, the researcher concluded
that oral literacy was particularly emphasized in the early years; furthermore,
while there is tentative progress in the development of teaching basic skills, there
is great variation among schools regarding the degree of such progress (Hertzberg,
2010). While teachers are positive about teaching basic skills, they are often
uncertain how to incorporate them in the classroom. To some, “basic skills” means
an emphasis on fundamental skills that could be addressed in the first years of
school. Paradoxically, the notion that basic skills are already used all the time in
classrooms seems to bolster the lack of explicit focus on such skills in teachers’
practices. Such thinking might go as follows: If the basic skills are already used,
why focus on them? Teachers may also consider these skills the prime responsibil-
ity of the L1 teachers. Indeed, L1 teachers seem to be willing to take on this
responsibility (Matre & Solheim, 2015).

These results underline one of the tenets of the DeSeCo project: for key compe-
tencies (i.e., the basic skills) to be taught and assessed, they need to be theoreti-
cally understood. A lack of an explicit description of what progression in basic
skills actually involves was addressed in a revision of the curriculum in 2012.

2.2.2 Revision of Curriculum

Based on the finding that the practices of basic skills are not implemented as
intended in classrooms, the curricula in science and four other subjects were
revised to clarify the “basic skills.” Since basic skills in science are considered a
significant part of both learning science and scientific processes, basic skills were
elucidated by integrating them in the science competence goals for all levels of
science with progression, for example register, describe (age 9); systematize, revise
(age 12); identify scientific argumentation and judge quality of sources (age 15)
(Mork, 2013). This was done with the support of the Framework for Basic
Skills (Norwegian Directorate for Education and Training, 2012), which is a
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document describing the functions of basic skills at different levels in compulsory
and secondary education. Generic grids were developed for the basic skills that
described their progression through the levels. For instance, in the main area of
“Technology and Design” for fourth grade, the original learning goal (LK06)—
that is, to “plan, build and test simple models of construction and document the
process from idea to finished product”—was revised to include basic skills more
explicitly. The new version includes a specification regarding how to document
the inquiry process by combining different means of expression: “[…] and docu-
ment the process from idea to finished product with text and illustrations.” In order
to insure progression in writing as a basic skill, one learning goal for seventh
grade in “Biological Diversity” states the following: “plan and carry out an inves-
tigation in a natural environment, register observations and systematize the
results.” (The underlining indicates what was added after the curriculum revision.)
The progression consists of using relevant terminology (“observations”) and
means of expression adapted to the subject of science (“systematize the results”)
(Norwegian Directorate for Education and Training, 2012).

In the revision, it was specified that the main area The Budding Researcher
should also be integrated in all the main subject areas, as illustrated in the exam-
ples from “Technology and Design” and “Biological Diversity,” where the scientific
knowledge building process becomes more visible. The main area of “The
Budding Researcher” is also more explicit in the revision in terms of considering
basic skills, as it includes the following goals (for tenth grade): “write descriptive
and argumentative texts with references to relevant sources, assess the quality of
your own and others’ text and revise the texts” (writing as a basic skill); and
“identify scientific arguments, facts and claims in texts and graphics from newspa-
pers, brochures and other media and assess the content critically” (reading as a
basic skill). In the revised version of the curriculum, greater emphasis is placed on
teaching “the budding researcher” and on how scientific knowledge is created
(Mork, 2013), which thus reinforces the emphasis on basic skills.

2.2.3 Teacher Training Courses

In order for teachers to be equipped to meet the challenges of the new curriculum,
several teacher training courses were developed by the National Centre of Science
Education. One of these training courses led to the Budding Science and Literacy
Project (presented in Chap. 16 in this book). Based on the results from the
research project, additional courses were developed, which were funded by the
Norwegian Directorate for Education and Training and the National Centre of
Science Education. The focus of the courses was literacy, inquiry, and conceptual
understanding in science. Utilizing a national network of science educators, these
courses were conducted nationwide, engaging over 2000 teachers (the majority of
whom were teaching science in elementary school). In parallel to these courses,
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the National Centres of Reading and Writing developed teacher training courses
for reading and writing as basic skills across subjects.

2.2.4 Research Projects Involving Writing Across Different
School Subjects

The project WRITE (Writing as a Basic Skill and Challenge), which was con-
ducted between 2006 and 2011, was funded by Norwegian the Research Council
and undertook a study of writing practices in L1, natural science, social science,
religion and ethics education, and mathematics in different grades in K-12 educa-
tion. The publications from the project emphasized how science teachers need to
develop a vocabulary for making literacy skills explicit in their teaching, and also
how a more explicit metalanguage for specific aspects of students’ text is devel-
oped and can be used in discussing these texts. The functional approach to writing
in the project is evident in the notion of “purpose” and “use” in the teaching of
writing. In their investigations of writing practices across school subjects, the
WRITE-researchers found a tension among L1 teachers in that they felt a dual
responsibility to not only develop students’ literacy in the mother tongue, but also
to support the development of literacy in other school subjects. Based on the
experiences from the project, the researchers presented “Ten theses about the
teaching of writing,” which include the following topics: (a) discussing the pur-
pose of the writing; (b) developing disciplinary spaces for talking about language;
(c) discussing assessment criteria for content, form, and use, depending on the pur-
pose of the writing; (d) working with genres in all disciplines; and (e) offering
support during the planning and writing processes (Smidt, Solheim, & Aasen,
2011, p. 13).

This interest in how writing is part of functional literacy practices as shared
social norms in social groups is also found in the NORM project (Developing
National Standards for the Assessment of Writing). The background for this pro-
ject includes the recognition from earlier projects that there was a need to develop
shared norms among teachers for assessing texts. The NORM project’s ambition
was, firstly, to develop explicit expectations (i.e., norms) describing different
levels of achievement on a set of textual aspects. Using think-aloud interviews, in
which teachers talked about the qualities in texts written by students, enabled the
descriptions of the norms to be developed bottom-up, based on teachers’ experi-
ences and discussions. Secondly, this framework functioned as a set of tools in an
intervention phase where researchers cooperated with school leaders and teachers
in a professional development course, in which the teachers assessed and reflected
upon students’ texts using the developed framework. This implementation has
been successful in that the experimental groups increased their skills to the same
degree as if they had received an extra year of teaching (Berge & Skar, 2015).
In an example on the use of the framework (Solheim & Matre, 2014), a student’s
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text on the characteristics of iron is assessed according to the framework. In addi-
tion to the analysis of the linguistic features (author presence, conjunction, nomi-
nalization, passive or active voice, spelling, cohesion), the features that more
specifically address the knowledge domain (what is happening is well described,
good explanations, relevant knowledge) are assessed. This encounter between a
language for describing text as text and what the text signifies in terms of learning
and practices of science is significant in the implementation of the basic skills in
school science.

In the Nadderud project (named after the upper secondary school that partici-
pated in the project), writing researchers from the University of Oslo cooperated
with a group of social science, natural science, English, religion and ethics, and
L1 teachers. The group met regularly during a 4-year period to discuss texts writ-
ten by students. The focus of this project is akin to the WRITE and NORM pro-
jects, as it focuses on the significance of making norms on writing explicit and
accessible for reflection for the teachers in the school subjects. The discussion
addressed the following questions: “What role does this text have in your subject?
How do you assess this text? What is the purpose of this writing assignment?”
(Flyum & Hertzberg, 2011). These discussions revolved around exploring the
meaning of the curriculum statement that basic skills are to be “integrated and
adapted to each subject.” The authors conclude that the discussions that took place
in the project are contrast to the findings from the evaluations of the curriculum
referred to earlier; that the implementation was reluctant and partial. Also, it paral-
lels the NORM project in its focus on the significance of making norms on writing
explicit and accessible for reflection for the teachers in the subjects. The research-
ers noted that the initial ambition to develop common norms of writing changed
into an investigation of the differences between subjects and why these differences
were present. For instance, why was the IMRaD format (Introduction, Method,
Results, and Discussion) considered more important by the science teacher than
the L1 teacher? Similar initiatives spread to several other schools (Hertzberg &
Roe, 2015).

Part of the interest in basic skills in Norway was an interest in the language of
science in textbooks (Maagerø & Skjelbred, 2010) and the role of learning materi-
als in students’ interactions. Ark & App (Paper & App) (2012–2016) was a
research project that focused on the use of learning resources in Norway (Gilje
et al., 2016). Twelve case studies comprised the heart of the project, including one
case study in social science, English, science, and mathematics in three different
grade levels in grades 5–11 (age 10–16). Some of the case studies were conducted
in naturalistic settings without researcher intervention; others involved some level
of cooperation between researchers and teachers in the design. As this research
project focused on the role of learning resources and social interaction in school, it
also provides information on how basic skills were part of classroom life in these
cases (Rødnes & Gilje, 2016). It is evident that the interactions, including reading,
talking, and writing, took place in a mixed ecology of paper-based and digital
resources. Furthermore, talking played a significant role in tying different
resources together in students’ meaning making, whereas writing was significant
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in tying students’ vernacular language to school science patterns of meaning. The
findings support the key developments from the Nadderud project, in that the spe-
cifics of the school science subject shaped the classroom interactions and made
basic skills relevant. However, the project was not designed to focus on whether
basic skills were explicitly addressed in teaching.

The WRITE, Nadderud, and NORM projects all focused on the explicit devel-
opment of basic skills, with an emphasis on writing. These projects were initiated
by text researchers from a general literacy perspective; however, the researchers
were acutely aware of the tension between perceptions of writing skills across sub-
jects and the particulars of writing practices in different school subjects. The dif-
ferences between writing practices in science and other subjects were utilized as a
vehicle for making different writing norms explicit.

2.2.5 Research Projects Involving Scientific Literacy and Inquiry

We will now present some of the significant undertakings in the science education
community in Norway to address basic skills. Many of the initiatives utilized
inquiry as a frame for the development of science teaching and sought to develop
teacher competence in teacher training courses or in cooperation with schools. We
will present three projects where the basic skills were addressed explicitly in the
design of the project and in classroom implementation.

The project Students as Researchers in School Science (StudentResearch/
ElevForsk) (2007–2012) was funded by the Research Council of Norway and
focused on the development of inquiry practices in Norwegian schools. It was
one of several projects that focused on inquiry-based science teaching (IBST) in
Norway during this time period. It maintained a strong focus on basic skills by
incorporating the previously discussed interconnection between the budding
researcher and basic skills in the Knowledge Promotion Reform as an explicit cri-
terion for design. In the section on the budding researcher in LK06, the formula-
tion of hypotheses, discussions, critical assessment, argumentation, and
presentation are considered key aspects in the processes of science. This is a
functional understanding of literacy in science practices that mirrors the following
description of basic skills in the Knowledge Promotion Reform: the ability to
communicate knowledge and formulate questions, arguments, and explanations,
both verbally and in writing. In this very functional literacy sense, basic skills
and inquiry practices are mutually constitutive (Knain, 2015). Basic skills are
thus tied to inquiry practices and the nature of science, which shapes the relation-
ship between different basic skills and how reading, talking, writing, mathe-
matics, and digital tools (all of which are basic skills) together realize school
science practices. One important design challenge of IBST is that teachers need
to provide leeway for students’ inquiries. More specifically, teachers need to cre-
ate a space for students to grapple with questions that have some personal and/or
social significance and that do not have an immediate answer (at least for the
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students). This will enable the students to refine their knowledge and learn from
their mistakes. Thus, the degree of openness is one of the key design issues to
consider in IBST. Activities with a lot of room for students to explore their own
ideas and understanding need to be balanced with activities focusing on encoun-
ters with authoritative knowledge, synthesis, and critical reflection and assess-
ment (Bjønness & Kolstø, 2015). One support structure for helping students to
synthesize and engage in critical reflection was labeled “research meetings”
(Forskermøter). These meetings were organized as tightly structured events
intended to mimic the research seminar one finds in authentic science. In
“research meetings,” the students were given roles as presenters and as critical
and constructive listeners. Each student was provided with prompts and tasks, for
instance, asking for clarification or giving advice and suggestions for further
inquiry. Furthermore, in a project in which students investigated environmental
socio-scientific issues, they were provided templates for writing during the inves-
tigation (process document and log) and their report (Byhring & Knain, 2016).
The assessment criteria focused on textual aspects linked to the purpose of the
text; as a result, the clarity and relevance of the research question, the method,
relevance, and proper handling of data, and critical and balanced discussion were
tied to disciplinary-valid use of representations, the relevance to arguments, and
overall cohesion. Teachers in social science, natural science, and L1 used these
criteria to provide formative guidance to their students in a wiki space. In a differ-
ent sub-project in the StudentResearch project, a focus on basic skills addressed
the norms and expectations as the context of students’ meaning making. Mestad
and Kolstø (2014) demonstrated in a classroom study how strong expectations in
the learning context to provide correct explanations—before the students had an
opportunity to explain their answers using their own words—implied that stu-
dents did not engage in a process of reflection. However, the team redesigned the
learning context to include the following: (1) students’ own ideas and explana-
tions were explicitly required; and (2) the students were informed that their own
explanations should be written on the blackboard when requested, but not handed
in to the teacher. In the next cycle, they found higher levels of engagement from
students in formulating explanatory ideas, possibly because they experienced that
their understanding—and not the correct scientific explanation—was what the
teacher expected and valued.

The Budding Science and Literacy Project (presented in Chap. 16) focused on
exploring how working with an integrated inquiry-based science and literacy
approach might challenge and support the teaching and learning of science at the
classroom level. The interrelationship between multiple learning modalities (writing,
reading, talking, and doing) and phases of inquiry (preparation, data gathering, dis-
cussion, communication) was studied by observing six teachers and their students,
who were recruited from a professional development course. The teachers tried to
implement the Budding Science teaching model taught in the course, the underlying
features of which are the synergistic integration of science and literacy and the

24 E. Knain and M. Ødegaard

http://dx.doi.org/10.1007/978-3-319-69197-8_16


synergistic effects of teaching them simultaneously. There was a strong focus on
reading linked to hands-on inquiry and reading as an inquiry activity. The video
analysis demonstrated variations and patterns of inquiry-based science and literacy
activities, revealing that the multiple learning modalities were all used in the inte-
grated approach; however, not surprisingly, oral activities dominated. The inquiry
phases shifted throughout the students’ investigations, but the consolidating phases
of discussion and communication were given less space. The data phase of inquiry
seemed essential as a driving force for engaging in science learning in consolidating
situations. While the multiple learning modalities were integrated in all inquiry
phases, this was true to a greater extent in the preparation and data phases
(Ødegaard, Haug, Mork, & Sørvik, 2014). The results of the project indicated that
literacy activities embedded in science inquiry provided support for teaching and
learning science; however, the teachers found it hard to find the time and courage
needed to use the discussion and communication phases to consolidate the students’
conceptual learning (Haug & Ødegaard, 2014).

Representation and Participation in School Science (REDE) is a recent project
started at the University of Oslo funded by the Research Council of Norway. This
project takes existing research on representation practices as a point of departure
for design-based research with teacher participation. A variety of representations,
including verbal language, graphs, diagrams, images, animations, simulations, and
equations, are used as both tools for learning and for participation in practices
involving science. Representations are integral to disciplines of science and to citi-
zenship. Consequently, all the basic skills are combined through working with
representations. This project will also conduct research on students’ learning pro-
cesses, teachers’ experiences, and the teaching design that fosters students’ compe-
tent and critical use of representations. Researchers at ILS are responsible for the
design-based research and are cooperating with teachers at two upper secondary
schools and one lower secondary school. This project draws on design principles
that emphasize that teachers should support students in engaging in inquiries about
phenomena and issues using representations as tool; that they explicitly address
the benefits and limitations of forms of representations; that the adequacy of speci-
fic aspects of representations is critically discussed; and that the role of representa-
tions in arenas outside school, including scientists’ practices and socio-scientific
issues, are addressed. This explicitness makes it possible to connect representation
practices to science as a practice that contains social norms.

These projects, that is, Students as Researchers in School Science, the Budding
Science and Literacy Project, and Representation and Participation in School
Science, all had a predominant focus on school science and approached basic skills
through the practices of inquiry. They thus emphasized the intersection between
the basic skills and the budding researcher. However, the nature of the basic skills
and their theoretical understanding differed among the projects described in this
section, as did the degree to which each project addressed the basic skills expli-
citly. The projects that are described in this section are summarized in Table 2.1.
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2.3 Discussion

The Norwegian curriculum reform was an ambitious attempt to focus on basic
skills in the Norwegian school system. It was partly spurred by an international
ambition to identify key competencies. One of these projects was the DeSeCo pro-
ject, which had a theoretical underpinning of competencies quite close to func-
tional literacy. However, the basic skills were also influenced by more general
notions of allmenndannelse (bildung, or liberal education). Thus, the theoretical
background of the basic skills could be deemed to meet scientific literacy both in
the fundamental and the derived senses.

However, the general picture is that teachers and school leaders have been
somewhat hesitant to address basic skills explicitly, even if they embrace the
intentions of the reform. Yet, communities of teachers who discuss the purposes
and qualities of writing have been successfully established when supported by
researchers. It seems that the key to the implementation of the reform is for
science teachers to realize the functions of text in science, and consequently, to
develop a metalanguage that connects science understanding and knowledge to

Table 2.1 Summary of projects addressing scientific literacy after the curriculum reform in
Norway, LK06, addressed in the chapter

Project Grade—age Goal Approach

WRITE K-12 Develop functional
writing skills across the
curriculum

Focusing purpose and use of
texts; functional literacy

NORM Grades 3–9
(age 8–14)

Develop norms of
achievement and
intervention across the
curriculum

Shared norms on quality of
text deduced from teachers
reflecting on students’ texts;
intervention

Nadderud
project

Upper
secondary
(age 15–18)

Making norms of text
quality explicit for
exploration

Cross-disciplinary group of
teachers met regularly for 4
years discussing quality and
purpose of writing in subjects

Ark & app Grades 5–11
(age 10–16)

Study of how
educational resources are
chosen and used in four
school subjects

Various functions educational
resources can serve within
different ways of organizing
teaching

StudentResearch Grades 8 & 11
(age 13–16)

Develop inquiry-based
science teaching
integrated by literacy

Basic skills as functional tools
for inquiry practices, case—
and intervention studies

Budding science
and literacy

Grades 1–7
(age 6–12)

Develop inquiry-based
science teaching
integrated with literacy

Learning modalities (writing,
reading, talking, and doing)
considered in relation to
phases of inquiry

REDE Grades 9–11
(age 14–16)

Develop visual
representations practices
in science

Representation practices
considered key for learning
and participating in science
discourses
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descriptive aspects of text. Furthermore, the social norms regulating scientific
practices must be recognized as text norms.

We have discussed two approaches for the implementation of the basic skills in
the LK06 reform. One is based on L1 literacy research and literacy considered as
a general competence, with a strong emphasis on writing in the disciplines. The
other is from the science education community, which has emphasized scientific
literacy for several decades. The introduction of BS in LK06 was an opportunity
to (re)direct research on scientific literacy, with a stronger emphasis on classroom
implementation. There is a certain amount of overlap in terms of the focus, the
teachers involved, and the theoretical basis of the two approaches. Several large
and small initiatives have emerged since the reform.

We suggest that the two approaches can be mutually beneficial to science edu-
cation. The general literacy approach is rooted in textual theoretical traditions that
have significantly benefited science education and can also benefit school teachers
by offering a theoretical framework for discussing text. These traditions can also
help improve science teachers’ self-understanding by enabling them to compare
their practices with other school subjects. One strong point of science educational
research is an embedded understanding and implementation of basic skills from a
disciplinary perspective, which makes basic skills functional in the teaching of the
products and processes of science. The latter tradition also seems to be more alert
to the significance of multimodality.

A new curriculum reform is under way in Norway, and the Ministry of
Education intends to include the same basic skills in the future as part of the curri-
culum. This is fortunate, because there are promising developments currently
happening in Norwegian science education in terms of addressing the basic skills.
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Chapter 3
But I’m Not an English Teacher!: Disciplinary
Literacy in Australian Science Classrooms

Chris Davison and Sue Ollerhead

Abstract In Australia, increasing calls to strengthen the teaching of science in
schools, stimulated by a need for higher levels of scientific understanding in the
general community and also concerns about falling educational standards, have
led to a concerted push to raise scientific literacy. Given the multicultural nature
of Australia, government and educators have acknowledged the critical role of
identifying and describing the language and literacy demands in all disciplines
and supporting learners and teachers to meet them. In science, a range of support
material and teacher resources, mostly drawing on systemic functional linguis-
tics, have been developed alongside revisions to national and state-based curri-
cula. In addition, all preservice teacher education programs are required to
address literacy as well as the needs of students learning in and through English
as an additional language or dialect (EALD) as national priority areas. However,
research into the complex language and literacy challenges faced by low literacy
and EALD learners suggests that many mainstream secondary school teachers
feel inadequately prepared to meet their needs. Thus, some universities are also
developing more targeted language and literacy programs for preservice student
teachers (PSTs). One example of a language and literacy tutoring program invol-
ving science PSTs at a secondary school is described, showing how the student
teachers came to understand their key roles not just a disciplinary experts, but as
providers of language and literacy development to students both before and after
their mentoring placement.
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3.1 Introduction

In Australia, as in many other countries, increasing recognition of the need for
higher levels of scientific understanding in the general community, combined with
concerns about falling educational standards, have led to a new emphasis on rais-
ing levels of scientific literacy in schools. According to the Australian Curriculum
Assessment and Reporting Authority (ACARA), scientific literacy is defined as a
student’s ability to apply broad conceptual understandings of science in order to
make sense of the world; to understand natural phenomena; and to interpret media
reports about scientific issues. It also measures the ability to ask investigable ques-
tions, conduct investigations, collect and interpret data, and make informed deci-
sions. This construct evolved from the definition of scientific literacy used by the
Organisation for Economic Co-operation and Development (OECD) – Programme
for International Student Assessment (PISA), and has been adopted in all
Australian curriculum and assessment materials. However, given the multicultural
nature of Australia, government and educators have also acknowledged the critical
role of identifying and describing the language and literacy demands in all disci-
plines and supporting learners and teachers to meet them. Hence, in science, a
range of support material and teacher resources, most drawing on systemic func-
tional linguistics, have been developed alongside revisions to national and state-
based curricula. In addition, all preservice teacher education programs are required
to address literacy as well as the needs of students learning in and through English
as an additional language or dialect (EALD) as national priority areas. However,
research into the complex language and literacy challenges faced by low literacy
and EALD learners suggests that many mainstream secondary school teachers feel
inadequately prepared to meet their needs. Thus, some universities are also devel-
oping more targeted language and literacy programs for preservice student tea-
chers (PSTs).

This chapter will first describe the reasons for a stronger emphasis on language
and literacy in Australian curriculum documents and standards and in teacher edu-
cation, before describing a specific language and literacy tutoring program invol-
ving PSTs at a secondary school. This example will show how a particular group
of student teachers came to understand their key roles not just as disciplinary
experts, but also as providers of language and literacy development to students
both before and after a mentoring placement.

3.2 The Call for Greater Scientific Literacy in Australia

Science education is growing in importance in the twenty-first century as more
careers require scientific knowledge and skills, and global problems such as cli-
mate change demand higher levels of scientific literacy in the broader community.
However, international benchmarks of student performance in science such as
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PISA show a steady decline over time, exemplified by an increase in the propor-
tion of Australian students in the lowest bands in science literacy and a decrease
in higher bands (Thomson, De Bortoli, & Buckley, 2013). According to
Australian Chief Scientist (Chubb, 2014):

We have worrying gaps in the STEM skills pipeline, from primary to tertiary education
levels. Australia’s relative performance in science has slipped. Of the countries tested in
2006 and 2012, five significantly outperformed Australia in 2012, whereas only three did
in 2006. Australian schools also show a decline in the rates of participation in “science”
subjects to the lowest level in 20 years. (p. 10)

The lower the socioeconomic background status (SES), the lower the students’
performance (Thomson et al., 2013, p. xviii). While only 3% of students in the
high SES quartile fell below the 2012 PISA international benchmark in scientific
literacy, 22% in the lowest SES quartile failed to reach it (Marginson, Tytler,
Freeman, & Roberts, 2013, p. 16). The same pattern can be seen in school leaving
results, for example, in the Victorian Certificate of Education chemistry examina-
tions, “the rate of failure soared as the social scale was descended” (Teese, 2013,
p. 105). The intersection of language background other than English with SES is a
complicating factor. In New South Wales (NSW), the most populous state in
Australia, more than 30% (over 240,000) of students are from a language back-
ground other than English (LBOTE), and about 20% of all students (over 145,000
students) in NSW government schools are learning English as an additional lan-
guage or dialect. In NSW schools, a 62% increase in EALD learners over past 3
years has occurred with no extra EALD teacher support; in 2014 alone, 138,487
students needed ESL support, only 91,401 received it.1

Internationally, it is now widely recognized that immersing English language
learners in English content classrooms by itself is not an adequate solution to lan-
guage/literacy or cognitive/academic development (Davison & Williams, 2001;
Gibbons, 2009, 2014; Hammond, 2014). Learning to use English for academic
purposes requires considerably more time than is the case for conversational or
social English (Cummins & Early, 2011); simply placing students in English-
medium mainstream classes cannot be assumed to provide optimal language learn-
ing opportunities.

Similarly, science education researchers (Prain & Tytler, 2012) emphasize that
all students need to understand why and how discipline-specific and generic litera-
cies are used to build and validate scientific knowledge. Articulating scientific

1English an Additional Language/Dialect (EALD) education in NSW is provided in primary and
secondary schools and in intensive English language centers to support the English language
development of students whose first language is not English. In these schools, EALD programs
are delivered in a variety of ways to meet the different needs of EALD students at different
stages of learning English, focusing on students learning English in the context of the curriculum
they are studying so that they acquire the English language skills relevant to the subject area.
Students may receive support from a specialist EALD teacher working with a class teacher or
they may be in a separate parallel group for some classes.
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knowledge is therefore a critical task, yet in science education, learning about the
language of science and how to produce it is a major challenge for students. In
Australia, a major factor contributing to declining results in science appears to be
the failure of low SES students to develop the disciplinary-specific forms of lan-
guage and literacy, including graphic and visual literacy, required in progress to
senior grades (Macnaught, Maton, Martin, & Matruglio, 2013). For example,
Teese (2013) argues that the technical linguistic precision and sophisticated mathe-
matical dexterity required in short answer examination questions in Victorian
Certificate of Education Chemistry exceeds the literacy capacities of low SES
students.

In the 1980s, Australia was one of the first countries to embrace Halliday’s
(1978) view that the uses of language are inseparable from its social functions,
with language defined in terms of its meaning potential, as a set of linguistic
choices to be made, explicitly negating the separation of language and content.
The critical role of language in the knowledge building of school disciplinary con-
tent was extensively described (Christie & Derewianka, 2008; Freebody,
Maton, & Martin, 2008; Halliday & Martin, 1993; Martin, 2013; Unsworth,
1999a, b, c, 2004), stimulating a number of studies which found that enhancing
teacher knowledge of meaning-making systems through the use of systemic func-
tional linguistics (SFL) could improve student understandings of academic con-
cepts (Love & Humphrey, 2012; Schleppegrell, 2004). Two key aspects of
language and literacy in science were foregrounded through this research. First,
the ways in which the verbal, visual, mathematical, and symbolic discourse of
science differ significantly from the everyday discourse and literate practice of
lowSES and EALD students (Fang, 2005, 2006; O’Halloran, 2003; Unsworth,
2000), and second, how the increasingly technical and abstract scientific language
at the higher levels of schooling leaves many of these learners behind. As Fang &
Schleppegrell (2008) demonstrate, “the language of science is simultaneously
technical, abstract, dense, and tightly knit – features that contrast sharply with the
more interactive and interpersonal language of everyday spontaneous speech”
(p. 20). Such scientific language builds cumulatively through schooling. Christie
and Derewianka (2008) found that although in elementary school Science, the
focus is generally on “doing science” through linguistic genres such as procedures
and procedural recounts, as students move through school, the focus becomes
more abstract and technical, with students learning about “organizing science,”
describing and classifying information through reports and taxonomies and
“explaining science” through articulating sequential, causal, or theoretical relation-
ships. Near the end of compulsory schooling, the focus of science enlarges further
to include “challenging science,” using exposition to argue and justify a case. As
Echevarria et al. (2004) observe, if students do not possess the linguistic skills
required to engage in the discussion necessary for scientific enquiry, as is often
the case with low SES and EALD learners, they will struggle with academic rea-
soning. However, research also shows how even a basic knowledge of genres and
their key linguistic features in science builds teachers’ capacity to make discipline
knowledge visible and accessible to their students (Fang & Schleppegrell, 2008;
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Martin, 2013; Unsworth, 2000), demonstrate the interplay between language and
other meaning-making systems (Georgiou, Maton, & Sharma, 2014; Macnaught
et al., 2013), and support the development of increasingly technical and abstract
discourse across the school years in ways that enhance student achievement
(Gibbons, 2009; Rose & Martin, 2014; Schleppegrell, 2001; Seah, Clarke, &
Hart, 2011).

This implies that teachers need a deep understanding of the linguistic features
and literacy practices of their subject, especially in countries such as Australia,
USA, Canada, UK, and Singapore, which have high numbers of English language
learners. Hence, in Australia there is now an even stronger emphasis on language
and literacy in state and national curriculum documents and standards, including
preservice teacher education, described in the following section.

3.3 A Stronger Emphasis on Language and Literacy in
Australian Curriculum Documents and Standards
and in Teacher Education

In the USA, calls from industry for more science, technology, engineering, and
math (STEM) education and the introduction of new national Next Generation
Science Standards have turned the spotlight onto the most effective ways to teach
scientific disciplinary content, with specific attention to integrating language and
literacy instruction with content knowledge (Echevarria, Vogt, & Short, 2011;
Turkan, De Oliveira, Lee, & Phelps, 2014). According to De Jong (2013), this has
resulted in a focus on the “nature and quality” of the ways in which preservice
teacher education programs prepare their students to teach language and literacy
(p. 40). Similarly, in Australia in the last 5 years or so there has been an even
stronger focus on identifying and describing the language and literacy demands in
all disciplines and supporting learners and teachers to meet them, with new
national standards in curriculum and teacher education requiring all teachers, not
only English language specialists, address language and literacy, with a particular
focus on the needs of learners for whom English is an additional language or dia-
lect (ACARA, 2012).

In science, a range of support material and teacher resources have been devel-
oped alongside revisions to national and state-based curricula. The new Australian
Curriculum for science (http://www.australiancurriculum.edu.au/science/general-
capabilities) emphasizes the subject-specific nature of the language and literacy
requirements; the need to “communicate ideas, explanations and processes using
scientific representations in a variety of ways, including multi-modal texts”
(p. 110). A number of projects have also been initiated to help science text book
writers to design comprehensible and engaging texts, and develop strategies
to support the increasing numbers of students from EALD and educationally
disadvantaged populations in Australian schools.
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In addition, all preservice teacher education programs are required to address
the Graduate Teacher Standards (AITSL, 2011), with designated National Priority
areas in both literacy and teaching students with English as an additional language
or dialect (BOSTES, 2014), including literacy across the curriculum and effective
teaching and learning strategies for teaching second language learners in the con-
text of the mainstream classroom and the range of key learning areas. It is
expected that PSTs will know how to implement pedagogic strategies that facili-
tate EALD learners’ access to scientific knowledge, and to understand which
aspects of the science curriculum learners may find challenging and why. For
example, where EALD students are expected to provide evidence-based explana-
tions of scientific processes, they may need explicit modelling and teaching of
conditional tenses, for example, if x then y; if x occurred then y would occur; if x
had occurred then y would have occurred (ACARA, 2016). Furthermore, PSTs
need to learn how to engage with and respond to EALD learners’ cultural diver-
sity, and how to draw upon their valuable “funds of knowledge” (Gonzales, Moll,
& Amanti, 2005) as potential learning opportunities for all learners within the
classroom. Inviting EALD learners to share their culturally specific examples with
their peers will help to recognize and affirm their cultural identities in the class-
room (Cummins & Early, 2011).

Not surprisingly, perhaps, Australian teachers are interested in learning about
cultural and linguistic diversity, but Hammond (2011) has also found that main-
stream content teachers still lack confidence in their ability to incorporate their lan-
guage and literacy knowledge into their content teaching. Research internationally
mirrors this finding; even experienced teachers feel inadequately prepared to meet
EALD and low literacy needs, especially at the secondary level (De Jong, 2013;
Premier & Miller, 2010; Reeves, 2006). Addressing language and literacy across
the curriculum is challenging (Hurst & Davison, 2005; Khong & Saito, 2013;
Short & Echevarria, 1999; Turkan et al., 2014), with content specialists immersed
in the discourse of their discipline not easily recognizing its language and literacy
demands, and/or assuming responsibility for language and literacy development is
solely the province of “English” teachers with minimal discussion of language-
related problems within subjects (Coady, Harper, & De Jong, 2015; Davison,
2016; Gleeson & Davison, 2016). Davison (2006) and Arkoudis (2007), building
on earlier work by Siskin (1994), highlight the sub-communities within each sub-
ject discipline which play a critical role in shaping and supporting teachers’ identi-
ties. Each community has distinct views about the canons of knowledge within the
subject discipline, a sense of the importance of their discipline within the institu-
tion, and shared assumptions of what needs to be taught and when. This explains
one of the main barriers to integrating language development into disciplinary
areas at the school level, that is, subject knowledge is viewed as belonging to the
teachers in that discipline. Thus, most science specialists see teaching skills such
as speaking or grammar as the work of English teachers, not their responsibility.
Even experienced science teachers with an understanding of scientific language
rarely have well-developed “knowledge about language” (Love, 2010) or metalin-
guistic awareness – an ability “to extract themselves from the normal use of
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language and focus their attention on the functions and forms of the language”
(Masny, 1997, p. 106). This awareness is needed to teach PSTs how language is
used in science (Lee, 2004; Lemke, 1990).

Most attention in the literature on building language and literacy awareness has
focused on inservice, especially on methods/techniques to use in the classroom
and the analysis of linguistic demands of content areas, with Australian initiatives
in this area such as the ESL in the Mainstream inservice program being exported
to Asia and Europe (Davison, 2006, 2016). Comparatively little attention has been
paid to preservice education, with some exceptions (De Jong, 2013; Kibler,
Walqui, & Bunch 2014; Love, 2016; Polat & Mahalingappa, 2013), although even
student teachers have strong pedagogic beliefs and assumptions about their subject
area and what good teaching (and learning) means to them, which evolve with
their sense of professional identity (Arkoudis, 2007).

For these reasons in the last decade, many Australian universities have devel-
oped language awareness programs in preservice teacher education. One early
example was an 18-hour core unit on language in education at the University of
Melbourne, utilizing an interactive video-based CD-ROM, consisting of transcripts,
various drag-and-drop tasks, and a glossary (Love, Baker, & Quinn, 2008). It was
used over 5 years with more than 800 graduate nonliteracy specialists, very effec-
tively introducing them not only to the role of language and literacy in learning,
including in EALD, but also to the grammar of technicality, abstraction, density,
and coherence. What is also needed, however, are preservice education programs
which integrate theory and practice in the field, engaging students in learning-while-
doing (Darling-Hammond, 2008), giving prospective teachers the opportunity to
integrate the theory and practice of being a teacher. One such initiative in Australia
is described below.

3.4 New Directions: Language and Literacy “Mentoring” in
Preservice Education

The University of New South Wales has always had a strong focus on the develop-
ment of language and literacy in its preservice education programs, however, this is
now combined with systematic efforts to link theory and practice so PSTs are better
prepared to support their students with the language and literacy demands of the
subject disciplines, including science (Ollerhead, 2016). In 2015, a mentoring pro-
gram was established in a low SES secondary school involving 35 PSTs in the sec-
ond year of their four-year program and 110 secondary students in Year 7–11,
identified by their classroom teachers as requiring additional support with language
and literacy. Over the course of a 14-week semester, each PST conducted three
weekly one-on-one tutoring sessions with three different learners each, totaling 40
contact hours of tutoring. The PSTs were trained to implement pedagogical strate-
gies known to be effective for developing language and literacy in the content
areas through five 2-hour-long face-to-face workshops and ongoing online support.
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The key idea guiding the training workshops was to provide PSTs with an under-
standing of the nature of the academic language that EALD and low literacy
learners needed to master in order to access and master scientific concepts.
Workshops were thus structured around Meltzer’s (2002) framework of best
practices for supporting academic literacy, including addressing learners’ literacy
engagement and motivation, implementing research-based literacy strategies and
integrating reading and writing across the curriculum (pp. 14–16). Specific strategies
addressed in the workshop included making connections to learners’ lives through
responsive pedagogies, teaching through modelling, providing explicit literacy
strategies for engaging with texts, recognizing and analyzing discourse features,
understanding text structures, and paying explicit attention to vocabulary develop-
ment. Thus, the use of genre pedagogy (Christie & Martin, 1997; Derewianka,
1991), where the curriculum cycle is used to plan activities that provide language
and literacy scaffolding for learners, underpinned much of the workshop content.
PSTs were also taught how to modulate their teacher talk to promote deeper think-
ing and higher learning, by using techniques such as wait time, recasts, and probing
questions to produce extended stretches of speech which could be converted to
more expert scientific texts (Gibbons, 2014). Throughout the program, the academic
mentor encouraged PSTs to see their role as facilitating learners’ capacity to “think
like mathematicians, read like historians and write like scientists” by teaching them
different ways of reading and writing within each field (Lee, 2004, p. 61).

During each workshop, PSTs were invited to bring a specific example of a
science text that their learners were working on, and to discuss the typical generic
and linguistic features of the text with the group. For example, PST Dominic pre-
sented a task in which one of his learners Jayden had to write a description of the
water cycle. PSTs worked collaboratively to analyze the key features needed to
produce the text successfully so that it accurately represented the key concepts and
processes, working with Gibbons’ summary of typical features of school-related
genres (2014, pp. 173–178). Together they identified that Jayden needed to pro-
duce a “causal explanatory text,” which required him to identify the phenomenon,
in this case the water cycle, and provide an explanation using a cause-and-effect
sequence of events. They brainstormed and agreed upon some typical
linguistic features Jayden would need to use, including technical nouns such as
“evaporation” and “condensation,” classifying adjectives such as “salt water intru-
sion,” and time conjunctions such as “once,” “after,” or “at the second stage.”
They also discussed that he would need to use the passive voice to foreground the
various processes involved in the cycle, as in “salt water intrusion is shown to take
place” in order to accurately capture the phenomenon. Similarly, he would need to
substitute nominalizations such as “evaporation” for descriptions such as “the pro-
cess whereby water evaporates.” Other texts that were collected from science
classes discussed in workshops included information reports on bushfires and
native plants, and an investigation report into changes in rock formation over time.
Through engaging in progressive collaborative enquiries, PSTs gradually began to
grow in their confidence to analyze the discourse features required of different texts
in order to capture more accurately the scientific concepts and processes.
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The nature of the knowledge that PSTs gained through participating in both the
training workshops and the fieldwork component, and the ways in which this
knowledge contributed toward their identity development, was the object of
ongoing research. Interviews with PSTs provided insights into how they posi-
tioned themselves with regard to their growing understanding of pedagogical lan-
guage and literacy knowledge. This afforded an understanding of PSTs’ shifting
identities, which correspond with Gee’s (1996) concept of “ways of being in the
world.” Data was collected by means of semi-structured interviews conducted
with the eight PST participants toward the beginning of the program (Week 3) and
at the end of the program (Week 15). Interviews were of approximately 40 min-
utes duration, and were audio-recorded, transcribed, and analyzed for emergent
themes, which were identified and coded. In addition to interview data, PSTs’ con-
tributions to an online discussion forum initiated by the academic mentor to pro-
vide feedback and advice to learners were also analyzed to yield a clearer picture
of their emerging knowledge and shifting identities. The online posts in which
PSTs discussed their experiences and growing knowledge during the practicum
were collated and subjected to the same thematic analysis as that used with the
interview transcripts.

PSTs were asked questions both in the interviews and in the online forums
which related to how they conceptualized their role as teachers of language and lit-
eracy within both science and their own key learning areas. They were also asked
to reflect on how they approached the embedding of language and literacy into
curriculum content during their field work placements. They communicated their
understandings of the concept of “academic language,” and reflected upon on the
extent to which they felt they had been prepared to support EAL learners’ lan-
guage and literacy needs within content subjects throughout their ITE program. In
addition, students were asked to articulate the key theories underlying specific
strategies taught to foster language and literacy skills in the classroom, such as
socio-cultural, Vygotskian theory, genre theory, scaffolded support, and so on.
They were also asked to reflect upon their knowledge of genre pedagogy, text
types, linguistic, structural, and cultural features of the texts within their specific
content areas. Finally, they were asked to evaluate the role that they thought aca-
demic mentoring played in preparing them to attend to language and literacy needs
of EAL learners during the course of the program. Therefore, as PSTs spoke and
“authored themselves” (Holland, Lachicotte, Skinner, & Cain, 1998), they created
their identities as teachers.

While similar types of questions were asked of PSTs in both round 1 (Week 3)
and round 2 (Week 15) of the interviewing phase, to gauge a sense of participants’
growing knowledge of language and literacy over time, the first round of inter-
views was focused on perceptions and initial understandings of language and lit-
eracy pedagogy, whereas the second round had a more reflective focus. Students
were asked to relate the ways in which their knowledge and confidence had grown
over time during their participation in the mentoring program. All of the partici-
pants reported that language and literacy was a significant challenge for the lear-
ners they had been mentoring. There was an overwhelming sense that both the
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workshop and practicum components of the program were highly beneficial in
helping the PSTs to focus on issues relating to language and literacy in a systema-
tic way and to improve their knowledge and practices. The majority of respon-
dents expressed the view that the program had made salient for them the fact
that careful attendance to language and literacy support of all learners, but particu-
larly EALD learners, was a fundamental cornerstone of effective teaching,
and stressed their belief that explicit language and literacy pedagogies should be
prioritized and foregrounded even more within their teacher education program.
They found the Australian Curriculum EALD resource (ACARA, 2016) a rich
and helpful resource for making informed decisions about the quality of learners’
writing, where they were in their EAL learning progression and where they should
be. More specifically, over the course of the semester all the PSTs reported a
growing awareness of the linguistic features and patterns of scientific texts, with
increasing understanding and knowledge of the nature of disciplinary literacies,
including scientific literacy, and how to approach the explicit teaching of text
structure, linguistic features, and literacy strategies for planning, researching, and
revising, elaborated below.

Initially, the PSTs conceptualized language and literacy support as “understand-
ing the rules of grammar” and how to produce a “good piece of writing,” yet they
had little understanding of the different genres or text types. Their growing aware-
ness came about gradually as a result of getting to know learners better through
recurring weekly meetings, building up rapport and background knowledge which
enabled PSTs to identify areas of language and literacy that their learners found
challenging. Their increased understanding and knowledge of disciplinary litera-
cies over the course of the program is exemplified in the comment by one of the
PSTs, Dominic:

My first three sessions with Vincent were awful. I was giving him general abstract topics
that he wasn’t interested in and trying to show him how to go about writing a “good
essay” based on the topic. It was only when I actually observed him in a science lesson
and saw how he struggled, that I realised I needed to focus on science literacy with him,
rather than literacy in general.

Dominic realized that the decontextualized grammar exercises and “rules” about
English which he offered to his learners initially did little to help them master the
writing tasks needed in their various subject areas. Once he was able to link each
literacy task to a specific text type that his students needed to complete in class, he
was able to identify certain linguistic features and text patterns that helped his stu-
dent to master the activity. Dominic also felt that his learners benefited significantly
from a more explicit approach to teach planning for literacy tasks, modeling differ-
ent strategies regarding how to approach and tackle literacy tasks:

For Fama, … one of the things that I realised was that nobody ever explicitly told him
how to plan approaching a piece of work … so we went through in quite a lot of detail
and we spent a couple of weeks on it without actually producing much work, in terms of
going through planning, researching, put this stuff on Post-it notes and putting them in
order. (Dominic)
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Similarly, PST Jack related how he assisted a reluctant Year 8 writer, Yedica,
to approach the writing of an explanatory text about the features, causes, and
impacts of bushfires on the environment, in a more thorough, purposeful, and logi-
cal way. He commented:

You need to make everything very explicit for them in their literacy task, whether you
like it or not. There needs to be very clear scaffolding and step-by-step guides. Like if we
are doing an explanation text about bushfires, we need to give them a pattern, giving them
an example of what that kind of text looks like, make salient the vocabulary items, the lin-
guistic structures, that type of thing.

PST Monica reflected upon her understanding of the need to explicitly attend
to vocabulary development, and how she worked on encouraging her learners to
“talk like scientists” in order to prepare them to “write like scientists.” She related
how, as a result of a strategy discussed in an earlier workshop, she modelled an
“experiment” for her learner, placing a magnetic paper clip on both a metal filing
cabinet (where it stuck) and against a wooden door (where it did not), and asked
her learner to express what she observed. Through the use of probing questions,
recasts, and elicitation of technical and scientific terms, as well as much encour-
agement, Monica related how she managed to facilitate the student’s oral observa-
tion from “The magnet sticks to the cabinet but not to the door,” to eventually
arrive at “magnetic attraction occurs between ferrous metals” (Gibbons, 2009).
Monica expressed a profound sense of achievement at having helped her learner
to “talk her way to science literacy.”

In the same way, PST Cathy discussed the value of dialogic talk in developing
learners’ oral literacy and building up their technical vocabulary from their every-
day commonsense understandings, prior to attempting to complete written tasks in
Science. The focus was on helping the students develop a more sound conceptual
understanding of the scientific phenomenon which was also more technically cor-
rect. She relates helping three of her learners to produce an explanatory text of a
variety of plant species growing on the school grounds:

They had to find a plant that grew on the school grounds and then had to say the scientific
name, the indigenous name, the indigenous meaning, the features of it and how that has
helped it to survive …. I made sure for them to tell me how they think the feature helped
it survive, because a lot of the features of the plants were like … big leaves for rain or
shade … and so I tried to make that connection for them for them to see that this feature
helped it survive. I made sure they didn’t just look up the answers on Google, and like
they tried to figure out and reason why they would survive.

Through learning how to address students’ language and literacy needs, PSTs
also developed their own identities as agents for change and transformation, open-
ing up access for learners and addressing equity in education for EALD learners.
As Dominic (Interview, December 2015), commented:

It’s easy to overlook the fact that I have a very privileged access to the education system
that some of my learners don’t have. So certainly being able to …. I think a critical thing
for me, from a social justice perspective, is around how I can be cognizant of that fact and
bridge those gaps for people who don’t have that kind of access.
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The value of exposing or “sensitising” PSTs early in their training to the com-
plexities of language and literacy across the curriculum was also demonstrated
succinctly in a comment by Kristina at the end of the program:

I know more about literacy – what I need to do to teach literacy and that kind of thing
and so I feel like this has helped with that a lot and I know now what I need to find out to
be able to teach which is also very helpful. I don’t like not knowing but at least now
I know what I don’t know. (Kristina, Interview, December 2015)

All participants reported that they most valued the interlinking of theory and
practice, the ability to implement strategies introduced and practised in workshops
almost immediately with real leaners. However, they also learnt that attending to
literacy and language needs is not just about skills:

It’s about how people learn it’s about how people engage, it’s about the importance of
understanding who you’re working with and the nice thing about doing it in a one-on-one
environment, is you do have that time to reach out and understand the background and
needs and the links and the motivation. It becomes a collaboration, rather than an inter-
vention. (Dominic, December 2015)

This initiative in preservice teacher education demonstrates the value of
increased knowledge about language and literacy, but also, perhaps more impor-
tantly, the need for explicit, hands-on integration of theory and practice in literacy
and language pedagogy and structured opportunities for self-reflection and
“re-positioning” or extending of teaching roles.

3.5 Conclusion

Language and literacy development and disciplinary content learning in science
can progress “hand-in-hand” (Gibbons, 2002, p. 6), provided there are clear and
comprehensive school-level policies, language-infused curriculum and assessment
and appropriate support structures and professional learning opportunities. This
brief review of developments in Australia helps to illuminate the vital role of such
resources in preparing skilled, engaged, and responsive teachers for increasingly
multicultural and multilingual classrooms in Australia and internationally.
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Chapter 4
Meeting Disciplinary Literacy Demands in
Content Learning: The Singapore Perspective

Caroline Ho, Natasha Anne Rappa and Kok-Sing Tang

Abstract This chapter examines how systemic language and literacy support for
content-area teachers to enhance their students’ learning is realised in Singapore
with a focus on science at the secondary level. It highlights theoretical underpin-
nings that inform the perspective of disciplinary literacy guiding this work and
describes how disciplinary literacy is contextualised in Singapore against what is
broadly understood as effective communication. It unpacks the nature and extent
of systemic support for developing literacy in science with specific reference to
the professional learning courses and school-based collaborative research. The
chapter addresses the challenges encountered and discusses the implications which
impact curriculum and pedagogy in the integration of disciplinary literacy practices
to meet students’ needs in the learning of science.

Keywords Disciplinary literacy · science education · content teaching and learning ·
science communication

4.1 Introduction

This chapter offers the Singapore perspective to integrating literacy and content
language learning in the curriculum, with a specific focus on the science curriculum
at the secondary school level. The chapter unpacks the concept of ‘disciplinary lit-
eracy’ and how this has been contextualised to serve the needs of the local teaching
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fraternity. It outlines the growing attention to the importance of disciplinary literacy
in national curricula in the learning of content and preparation for work life in the
real world. Specifically, it describes the Ministry of Education (MOE) curricular
focus in the Singapore education context which seeks to raise students’ literacy
levels in content areas on a nationwide level. The rationale and programme specifics
of a nationwide initiative driven by the MOE are delineated along with the unpack-
ing of the support model offered to schools. This chapter also highlights an instantia-
tion of collaboration between the National Institute of Education and the MOE to
support the development of disciplinary literacy in science. The chapter closes with
a consideration of guiding principles that can inform teachers’ pedagogic practice
with a focus on disciplinary literacy in science.

4.2 Theoretical Foundations

In Singapore, theoretical understandings of disciplinary literacy have drawn
largely on the work of scholars such as Fang (2005, 2012), Moje (2007) and
Shanahan and Shanahan (2008). Disciplinary literacy refers to the specific ways
of talking, reading, writing and thinking valued and used by people in a disci-
pline in order to successfully access and construct knowledge in that discipline
(Moje, 2007; Shanahan & Shanahan, 2008). Disciplinary literacy and disciplin-
ary content are mutually constitutive with literate practices being fundamental to
engaging in social and cognitive practices that develop and advance disciplinary
knowledge (Fang & Coatoam, 2013). Therefore, the aim in developing students’
literacy within a discipline is to build students’ capacity to engage in literacy
skills, strategies and practices, in line with those of content-area experts and as
part of the process of socialisation into science discourse (Fang, 2012; Fang &
Coatoam, 2013).

Fang and Coatoam (2013, p. 628) observe that there are differences in the way
disciplinary content is ‘produced, communicated, evaluated, and renovated’. This
diversity calls for specificity in literacy practices taught. Moreover, the distin-
guishing features of scientific language described by Fang (2005) underscore the
highly specialised nature of science discourse. It is thus not surprising that advo-
cates of disciplinary literacy argue that literacy instruction should be situated
within a given content area so that teachers can use their content-area expertise to
give ‘explicit attention to discipline-specific cognitive strategies, language skills,
literate practices, and habits of mind’ (Fang & Coatoam, 2013, p. 628). But how
can the existing framework be adapted purposefully and meaningfully to incorpo-
rate disciplinary literacy and what kinds of systemic support would teachers need
so that they can help students meet the specific challenges of reading, writing,
speaking, listening and language in their respective fields? We address these questions
in the following section.
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4.3 Disciplinary Literacy Through the Lens of Effective
Communication in the National Curricula

In Singapore, growing recognition of the importance of disciplinary literacy in
the national curricula has led to this literacy being situated within the MOE 21st
century competencies framework under the core competency of communication
skills: ‘Communicating effectively refers to the delivery of information and
ideas coherently, in multimodal ways, for specific purposes, audiences, and con-
texts’ (Ministry of Education, 2011, p. 9). Communication is conceptualised as
‘the interactive process of sharing concepts, thoughts and feelings between
people using the medium of language as a resource’ (English Language Institute
of Singapore, 2013, p. 1). In addition, this process involves the ‘co-construction
of meaning’ by those involved (English Language Institute of Singapore, 2013,
p. 1). Communication, as acknowledged in research literature, can encompass
both linguistic skills and non-linguistic skills, such as body language, gestures,
facial expressions, as well as cultural and social conventions for interacting with
people (Kress, Jewitt, Ogborn, & Tsatsarelis, 2001). To the MOE in Singapore,
‘Effective communication occurs when the audience or reader understands a
message in the way the communicator intended it to be understood, or when the
co-construction of meaning satisfies all parties involved’ (English Language Institute
of Singapore, 2013, p. 1).

Literacy in a discipline entails the ability to use language appropriately, meaning-
fully and precisely in a given subject area and this ability requires both proficiency
in language and subject knowledge (English Language Institute of Singapore, 2013).
Language itself mediates the learning of the concepts, models, theoretical frame-
works and skills demanded by each subject (Bailey, Burkett, & Freeman, 2008).
Language serves as a window to the content in the subject classroom where it is
used to express, create and interpret meanings in the context of the subject. As
students progress towards the higher levels in school, they move beyond the basic
literacy level of decoding and generic comprehension to acquiring increasingly spe-
cialised literacy skills for each subject. Strong early reading skills do not necessarily
translate into an ability to deal with the special language requirements required in
content-area classrooms. Students have to read to learn, write to learn and talk to
learn (Shanahan & Shanahan, 2012) in order to understand and communicate
subject-specific content. This is especially so given that curriculum subjects differ
in their communicative purposes, their typical text structures and characteristic
language features. The linguistic implications are distinctive differences in how texts
are organised, how the vocabulary is selected and how grammatical choices are
made. Such knowledge and practices constitute the literacy skills and abilities that
students need to acquire.

Effective communication by all content-area teachers from this perspective
thus implies the skilful use of subject-specific language to help students better

474 Meeting Disciplinary Literacy Demands in Content Learning: The Singapore Perspective



understand, process and internalise subject knowledge effectively. This is achieved
by explicit instruction of the content as well as explicit attention to the language
specifics in teaching the content to help students access the language. As well as
conveying subject content through presentational modes of language use, subject
teachers can also facilitate thinking and understanding of content through interac-
tional modes of language use in the classroom (Jocuns, 2012). By modelling effec-
tive communication, science teachers can raise students’ awareness of the norms
and conventions of reading, writing, talking and thinking like a scientist (Vacca &
Vacca, 2008). As a corollary, students develop the language to understand and
effectively explain the concepts of the subjects they are studying which essentially
involves disciplinary literacy.

4.3.1 The Implications of Situating Disciplinary Literacy
Within the Effective Communication Framework

The perspective on effective communication in Singapore schools is shaped by
several contextual factors that have implications for the way teachers conceive dis-
ciplinary literacy. First, the desired outcomes for effective communication within
the Singapore education context are oriented towards helping students become
future-ready—students’ communicative skills are intended to help them meet the
expectations of employers or Institutes of Higher Learning upon leaving the sec-
ondary education system and every student is expected to communicate effectively
in social situations with both local and overseas speakers of English (English
Language Institute of Singapore, 2012).

The second factor relates to the focus on the specific English language variety
used for communicating in the classroom. In multiracial Singapore, English,
Mandarin, Malay and Tamil are the official languages. Bilingualism is ‘a corner-
stone of our education system’ (Curriculum Planning and Development Division,
2010, p. 6) with students learning both English and their own Mother Tongue
language in school. English is the common language facilitating bonding among
the different ethnic and cultural groups. At the global level, English is recognised
as ‘the lingua franca of the Internet, of science and technology and of world trade’
(Curriculum Planning and Development Division, 2010, p. 6). Given that standard
English is the medium of instruction for all subjects in Singapore schools except
the Mother Tongue languages (Curriculum Planning and Development Division,
2010), effective communication primarily addresses the use of standard English
across the curriculum in content-area classrooms.

Finally, specificity in standard English employed in content-area classrooms
is delineated by subject-specific notions of communication articulated in the
subject syllabuses. We illustrate what they mean by subject-specific under-
standings of communication with reference to the MOE Secondary Science
Syllabus. As the Upper Secondary Science Syllabus is at present undergoing a
review, we refer to the Lower Secondary Science Syllabus (Ministry of
Education, 2008) which describes ‘scientific literacy’ largely in terms of
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cognitive and social practices (Bailey et al., 2008, p. 4). ‘Scientific literacy’ is
outlined as follows:

(i) the capacity to engage in the discipline-specific inquiry process skills of ‘iden-
tifying questions’, ‘drawing evidence-based conclusions’, ‘making decisions’
as well as the ‘skills and habits of mind’ aligned with the aforementioned 21st
century competencies such as ‘reasoning and analytical skills, decision and
problem solving skills, flexibility to respond to different contexts and posses-
sing an open and inquiring mind’;

(ii) having an understanding of the key features of scientific inquiry and its
impact and;

(iii) having the appropriate ethical and attitudinal disposition.

While there are some overlaps with the notion of disciplinary literacy, Fang &
Coatoam’s (2013) broader definition of science literacy encompasses not only the
linguistic but also the semiotic (Kress & van Leeuwen, 2001) which includes
multimodal resources for communication (visual, verbal, gestural). This is
reflected in their more encompassing definition of ‘habits of mind’ as ‘ways of
reading, writing, viewing, speaking, thinking, reasoning and critiquing’ (Fang &
Coatoam, 2013, p. 628).

In addition, in the syllabus document, communication is defined as ‘the skill of
transmitting and receiving information presented in various forms—verbal, tabu-
lar, graphical or pictorial’ (Bailey et al., 2008, p. 8). While ‘communication’ in the
Lower Secondary Science Syllabus is embedded within science inquiry, it is not
viewed as a skill that cuts across and/or underpins the whole inquiry process.
Instead, it is conceived as one of the several distinctive features of science inquiry,
others being ‘question’, ‘evidence’, ‘explanation’ and ‘connections’ (Bailey et al.,
2008). Moreover, the skill of communicating is confined to contexts where
‘students communicate and justify their explanations when they form reasonable
and logical argument to communicate explanations’ (Bailey et al., 2008, p. 13)
and the teacher guidance for communicating is in the form of steps, procedures,
guidelines and coaching (Bailey et al., 2008). As have been articulated by others
(Adger, Snow, & Christian, 2002; Bailey et al., 2008), working ‘side by side with
content and grade-level teachers to collaboratively adapt curriculum and classroom
instruction to meet the specific needs’ (Bailey et al., 2008, p. 19) of students is
what those providing support to content teachers can offer. Understanding not
only the structure but also ‘how language mediates students’ access to content,
classroom learning processes and assessments’ (Adger et al., 2002) is critical.
Tang’s (2015) deconstructing scientific explanation through the explicit framing
of Premise-Reasoning-Outcome (PRO) to help students reason the underlying
logic and casual sequencing of an explanation has proved beneficial to students.

By incorporating disciplinary literacy into an existing framework of effective
communication in the national curricula, understandings of disciplinary literacy
are shaped by, first, the strong emphasis on standard English as the mode of com-
munication and, secondly, the aforementioned entrenched curricular definitions of
scientific literacy amongst teachers. The emphasis on standard English is not
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necessarily at odds with the notion of disciplinary literacy but can potentially
detract from the focus on the literacy demands of a discipline. As such, distinc-
tions between the two need to be clearly articulated. The prevailing understanding
of scientific literacy, however, presents a more restrictive perspective of literacy.
For this reason, it is imperative that the notion of disciplinary literacy is made
explicit for science teachers.

4.4 Systemic Support for Developing Literacy in the
Content Areas

In Singapore, support for the development of effective communication in all
schools is spearheaded by the MOE. In 2012, the Whole School Approach to
Effective Communication in English (WSA-EC) was initiated by the MOE
English Language Institute of Singapore (ELIS) to enhance the professional stand-
ing of teachers as role models of English and to help students become effective
communicators in English (English Language Institute of Singapore, 2016a) in
line with the emphasis on 21st-century competencies (Ministry of Education,
2016). The emphasis is on content-area teachers modelling good communication
skills to communicate subject knowledge more clearly and effectively in every
classroom for every subject, providing opportunities for all students to develop
these skills, and creating a whole-school environment where effective communica-
tion is valued. MOE held the belief that immersion in such an environment would
over time help students develop a wide repertoire of communication skills such as
questioning, evaluating, explaining, comparing and contrasting, classifying,
hypothesising, and distinguish between subject-specific communication skills. The
WSA-EC programme has been rolled out to primary, secondary and pre-university
institutions in phases.

The support model of the WSA-EC comprises: (i) professional learning
courses, (ii) collaborative school-based research, (iii) provision of resources and
(iv) interaction with experts (English Language Institute of Singapore, 2016a). For
the purposes of this chapter, we focus on the first two components of the support
model to illustrate and examine how systemic support impacts the classroom
environment.

4.4.1 Professional Learning Courses: Key Features
and Challenges

The MOE recognises that the onus of developing a whole-school environment
supportive of effective communication and of modelling effective communication
skills within the disciplines rests on the teachers. To deepen content-area teachers’
understanding of disciplinary literacy, schools on the WSA-EC went through three
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core curriculum professional learning courses on disciplinary literacy. These
courses are targeted at mixed content-area teams from primary and secondary
schools comprising teacher leaders (also referred to as ‘Champions of Effective
communication’) in science, mathematics and the humanities. The courses aim to
develop a greater awareness and understanding of the strong connection between
learning a subject and the language used to convey content and skills in that
subject. The courses aim to:

(i) develop teachers’ awareness of the importance of language and literacy for
teaching disciplinary content and highlight the role language plays when stu-
dents are learning the concepts, skills and processes of disciplinary content
(Language and Literacy in Subject Classrooms);

(ii) examine how talk and interaction can help facilitate deeper learning and
engagement for students through a framework for supporting high-quality
talk and interaction in content-area classrooms and explore strategies that
facilitate productive talk for effective teaching and learning of disciplinary
content (Opening Up Talk for Learning in Subject Classrooms);

(iii) examine how talk and writing can be integrated to deepen learning in
content-area classrooms through a framework for integrating talk with writing
and explore strategies for monitoring and evaluating student learning through
talk and writing (Integrating Talk with Writing in Subject Classrooms)
(English Language Institute of Singapore, 2016b).

One important feature of the courses is that the content-area teacher leaders
representing different disciplines are encouraged to implement the strategies they
jointly developed or identified in their content-area group as salient for a given
task in their classroom, and reflect on the effectiveness of this implementation
before the next session of the course. These teacher leaders, upon completion of
the courses, return to school and work towards transferring learning to their collea-
gues in their specific disciplines. Embedding the implementation within the
programme itself gives content-area teachers a platform to share their experiences
with one another and develop collective wisdom on literacy instruction that bene-
fited their students the most, identify areas to improve upon and pitfalls to avoid.
Moreover, it encourages commitment to developing subject-specific communica-
tion skills as an integral part of their subject teaching and proficiency in the use of
pedagogy that will enable student to develop these skills. In-course and post-
course follow-up by the teacher-leaders allow them to trial and experience the
strategies introduced in the course with their own classes. There is further on-site
co-facilitation of cascading of learning by content teacher leaders to their subject
teams supported by MOE language specialists and subject literacy officers.

Given that these courses are usually facilitated by language specialists, the gen-
eral approach taken by facilitators has been to highlight key MOE policies and
key findings in the research literature, engage content-area teachers in analysing
the literacy demands of a given task and elicit from them the strategies they collec-
tively worked out for addressing students’ specific literacy needs anticipated for
that given task. These courses, therefore, provide a means for teachers to engage
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in both ‘theoretical knowing’ and ‘experiential knowing’ (Nutley, Walter, &
Davies, 2007, p. 24) to inform their use of sound pedagogy to facilitate the devel-
opment of students’ literacy in a discipline.

Having participated in the first course, the team of content-area teachers from
each school would then develop plans to enhance the development of effective
communication skills suited to its particular environment and culture. The strate-
gies outlined in these plans would over time be infused into the school practices
and systems. Our focus after teachers return to their schools is on school-based
disciplinary literacy instruction in order to meet students’ specific literacy needs as
this shows how schools transfer the learning to their subject colleagues and the
impact the courses might have had.

Having described this systemic support, we are also mindful of challenges
content-area teachers face when attending courses on disciplinary literacy.
Content-area teachers, as the more proficient and knowledgeable learners and
users of the discourse, possess the ability to recognise pertinent texts and how to
interact with them. They have a critical role to play in bringing the students along
the path of a deeper and broader understanding of curriculum (Draper,
Broomhead, Jensen, & Siebert, 2010). To do this, content-area teachers need to
conceptualise ‘language and literacy practice as an integral aspect of subject area
learning, rather than as a set of strategies for engaging with texts’ (Moje, 2008,
p. 99). This entails literacy being viewed not as generic skills taught in isolation,
separately from the content, but contextualised and adapted within their own disci-
plines to facilitate learning of the content. The challenge, therefore, lies in the fact
that a mixed group of content-area teachers representing each school attends these
courses together. These teachers need to consider individually and together with
their content-area colleagues back in school how they could adopt or adapt literacy
strategies they encountered or came up with during the course to help students
understand and construct disciplinary content in ways consistent with social norms
and ongoing semiotic and cognitive practices. The Champions of Effective
Communication work closely with their content-area colleagues through their
in-house professional learning and mentoring sessions to consider ways to synergise
their efforts during implementation to best meet their students’ learning needs.

In science, the specific challenge concerns situating literacy strategies within
the inquiry process (Draper & Siebert, 2010) outlined in the MOE Science
Syllabus in order to facilitate students interpreting and constructing texts with the
distinguishing features of scientific language. The difficulty also arises from iden-
tifying and employing literacy strategies that enable students to use and interpret
different kinds of representations in the discipline (Draper & Siebert, 2010; Tang,
2011b; Tytler, Prain, Hubber, & Waldrip, 2013). Fang and Coatoam (2013)
caution against the problem of generic strategies being re-packaged as discipline-
specific ones. As such, content-area teachers need to address the question of which
literacy strategies enable students to interpret these representations in ways
consistent with norms and recognise nuanced changes in meaning with changes
in the mode of representation and the purpose of these different modes of
representations.
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Further, as content-area teachers develop and refine these literacy strategies for
their discipline, they need to heed Draper et al.’s (2010) caution against a general
form of literacy applicable only to a school or examination context and is neither
useful within the discipline nor in adolescents’ lives outside of school. In our view,
the first point is problematic only if the inquiry process outlined in the MOE
Science Syllabus is not consistent with the real-world practices of scientists and
only if assessment methods are not consistent with the inquiry process described.
The second point presents the more persistent challenge of developing literacy stra-
tegies that draw on adolescents’ out-of-school interests and experiences with popu-
lar texts and/or hybrid texts on the science topics. This is an important area that
warrants further investigation to better inform content-area teachers as they endeavour
to develop pedagogical practices that support the development of disciplinary lit-
eracy. Some exploratory studies were carried out in this area to investigate the role of
out-of-school media representations of science (Parkinson & Adendorff, 2004; Tang,
2013) and the agency of science students across the informal and formal domains
(Bell, Lewenstein, Shouse, & Feder, 2009; Rappa & Tang, 2017; Tang, 2011a).

We want to emphasise that what content-area teachers face should not be
handled by them alone. According to Fang and Coatoam (2013, p. 629), literacy
teachers trained in ‘reading instruction, focussed on phonics, vocabulary, fluency
and cognitive strategies’ lack disciplinary expertise in two areas—they are unfami-
liar with the ‘content, discourse patterns, literate practices and habits of mind
within specific disciplines’ and ‘they lack knowledge of the big ideas, unifying
concepts and key relationships related to the content of the disciplines’. Having
said that, Fang and Coatoam (2013, p. 629) also argue that content-area teachers
‘lack the necessary language awareness and literacy strategies to help students
cope with the specific language and literacy demands of their discipline’.

In the light of the aforementioned view, there is much that ELIS language specia-
lists and the National Institute of Education (NIE) education researchers can do and
have done to support content-area teachers. First of all, language specialists have a
role to play in bringing to the fore the literacies specific to a discipline (Draper et al.,
2010). What this means is that language specialists can begin by helping content-
area teachers reflect on the background knowledge and self-questioning practices
that support text interpretation, how they go about interpreting texts and the norms
for constructing texts (Draper et al., 2010). Second, language specialists can provide
support by drawing content-area teachers’ attention to instructional frameworks for
literacy (Draper et al., 2010). We acknowledge what Draper and Siebert (2010),
citing Conley (2008), have highlighted regarding generic strategies, that they ‘fit
poorly with content-area goals and discipline-specific practices’. One approach lies
in adapting instructional frameworks which different disciplines have adhered to by
incorporating elements of literacy instruction. Draper and Adair (2010) provide an
illustration of how this might be achieved in relation to the 5E Learning Cycle
(Bybee et al., 2006), which is popularly known among science teachers. Following
this approach, a research collaboration with NIE and two secondary schools deve-
loped and tested an integrated literacy-inquiry instructional model that infused
literacy elements into the 5E Learning Cycle (Tang & Putra, Chap. 17).
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This brings us to the second component of the ELIS support model, which con-
cerns research collaboration with science education researchers at NIE. In the fol-
lowing section, we describe the synergistic relationship between the MOE, NIE
and schools as all parties worked towards helping teachers communicate effec-
tively in their subjects.

4.4.2 School-Based Collaborative Research: Impact on Pedagogy

One common form of collaboration between NIE researchers and school teachers is
the joint partnership of carrying out design-based research (Collins, Joseph, &
Bielaczyc, 2004) with the dual purposes of informing education theory and improving
classroom practices situated in the school context. Aligned with the MOE’s emphasis
on disciplinary literacy, various research studies across a range of school contexts
were carried out to integrate some aspects of language and literacy into existing
science classroom practices. The range of intervention research includes examining
and enhancing primary school teachers’ capacity in addressing the language demands
of science (Seah, 2016), developing instructional models and strategies for secondary
school teachers to explicitly address the language and multimodal demands of science
(Tang, 2016a; Tang, Ho, & Putra, 2016), using a genre-based heuristic to support stu-
dents in constructing scientific explanations at the primary (Seah, 2015) and second-
ary level (Tang, 2015), harnessing out-of-school media representations of science to
foster critical literacy in high school (Rappa & Tang, 2017), and exploring the use of
argumentation to foster group discussion in university chemistry (Tan, Lee, & Cheah,
In press).

Through design-based research projects situated in science classrooms, the teachers
benefited from just-in-time professional development and joint development of
resources with researchers with notable changes in the teachers’ pedagogical practice.
For instance, four teachers in one of the research studies learned a new literacy stra-
tegy, called PRO, that was designed to teach students how to construct scientific
explanations (Tang, 2015). From classroom observations of their teaching over
2 years, the teachers were able to integrate the PRO strategy into classroom talk in a
way that supported logical reasoning and content mastery (Putra & Tang, 2016; Tang,
2015). The teachers were also able to adapt other literacy practices introduced during
the professional development session to support classroom talk (Tang et al., 2016).
Analysis of the students’ writing suggests a positive impact in the use of the PRO
strategy to improve the quality of the students’ written explanations (Tang, 2016a).

4.5 Implications

Subject-based mixed teams of content teacher leaders applying their learning
acquired from courses to their school-based subject teams and co-facilitation profes-
sional learning sessions with MOE officers present opportunities for empowering
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content teachers at various levels. This can also pave the way for more ground-up
collaborative school-based research partnerships with the MOE officers and NIE
faculty inquiring into identified areas of concern or challenge in the process of
seeking solutions collaboratively to enhance students’ content learning. At the same
time, there is a need to ensure initiatives made to support subject teachers’ profes-
sional learning and facilitate collaborative research are meeting targeted needs, parti-
cularly where students’ learning is concerned. Indeed, it is acknowledged that the
‘integration of language, subject content, and thinking skills requires systematic
planning and monitoring’ (Gibbons, 2002, p. 6). These can be framed around the
following aspects which have surfaced as not only necessary but also critical in
subject-specific learning contexts: Coherence, Contextualisation and Cascading.

4.6 Coherence

Implementation and monitoring of effective communication skills across the
whole school must be easily integrated into existing school practices to reinforce
current initiatives. There is a need for coherence in literacy programmes/initiatives
in order to examine the impact on different stakeholders at different levels and to
differing degrees. In education, features of programme design and research initia-
tives resembling coherence have been advocated under other names—such as inte-
gration, articulation. ‘Coherence’ denotes ‘connectedness which, in turn, suggests
consistency and accord among elements’ (Buchmann & Floden, 1991). The move
towards connection among various components is epitomised by Tyler’s (1949)
seminal work with the consequent continuity, sequence and integration that would
ensue. Each of these qualities is a form of connectedness. Continuity means
having links between one component and another in the system. Sequence extends
the idea of continuity, requiring that links over time—‘vertical’ relations (Tyler,
1949)—involve a broadening and deepening of what is examined or focused,
rather than mere repetition. Integration refers to connections across different
aspects in different subjects—‘horizontal’ relations. Connectedness is required
given that haphazard, isolated experiences are unlikely to ensure intended
learning.

Coherence extends to the links across teacher facilitation, school leadership,
subject teaching and student learning, and how these support and reinforce each
other. Decisions about professional learning and development must be based on a
good understanding of the relationship between the different layers. For example,
if the students’ needs-analysis identifies students’ content vocabulary as a common
‘gap’, it would be important to understand how current teaching impacts student
content vocabulary learning, and how current leadership and organisational prac-
tices contribute to that pattern of teaching through channels such as professional
learning communities focused on evidence of teaching and learning (Ministry of
Education NZ, 2013, p. 14). The strong school leadership support from the key
personnel provided a foundation for the alignment of disciplinary literacy
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initiatives adopted by the content teachers in the school context with the overall
thrust of schools’ strategic goals for effective classroom pedagogical practice. In
particular, quality academic experience, staff engagement and development, and
partnerships were identified among the strategic thrusts in one school as critical
considerations in driving initiative and programmes implemented in the school. In
another, disciplinary literacy initiatives reinforced the schools’ strategic thrusts
that included academic excellence in terms of customised instructional approaches
catering to diverse students’ needs and developing skilful teachers to be curricu-
lum leaders and reflective practitioners in their disciplines.

4.7 Contextualisation

There is a need for the contextualisation of literacy skills to meet the specific
demands and requirements of learning environments and particular curricular con-
texts. The extent to which initiatives mediated by language and literacy facilitate
content learning can be adapted or modified to aid transferability to similar or related
contexts or settings must be considered in any whole-school implementation of a
disciplinary literacy-based programme. At the same time, there is a need to address
on-the-ground realities, contextual constraints in order to support science teachers
and students in their learning endeavour. This will ensure a more targeted approach
in supporting students to acquire the relevant disciplinary literacy skills required.
Systematic scaffolding as realised in specific disciplinary literacy practices outlined
in Tang (2015) is attentive to students’ needs and aligned with their ability level,
and seeks to address specific challenges in constructing scientific explanation.

Uncovering the critical aspects in authentic contexts or actual settings can
inform the science learning experience which the targeted research is addressing.
Understanding the learning context can reveal much more with an enhanced
understanding of general and specific participant behaviours and decisions taken
to provide the most relevant, engaging experience possible for students and tea-
chers. Important insights as to what works and should be sustained and what may
need further refinement can be gleaned from the research process, and the learning
experiences and expectations of those involved. Such information is essential if
meaningful analyses are to be provided. There is also a need to extend beyond
‘surface manifestations (discrete activities, materials, or classroom organisation)’
to inculcating in teachers an enhanced awareness of deeper pedagogical principles’
(Century & Levy, 2002, p. 4). This could mean that the underlying principles of
the literacy initiatives or programmes and the associated teacher beliefs and expec-
tations of students are maintained over time.

The need for contextualising what is investigated within appropriate disci-
plinary discourses and paradigms cannot be overemphasised. This will develop
teachers’ capacity to recognise and contextualise research questions or hypotheses
within specific disciplinary frameworks, and provide them with the opportunity to
explore theoretical frameworks and methodologies in relation to their particular
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contexts. Initiatives adopted must be interpreted in the context of the specific
classroom setting and examined with attention given to the on-the-ground realities,
contextual constraints and implementation challenges.

4.8 Cascading

For any literacy initiative or programme implemented to support science teachers,
the need for sustainability over a period of time is not to be overlooked. Initial
efforts taken to implement literacy strategies to support content learning deserves
attention to maintaining scaling up through the transfer of learning and cascading
disciplinary literacy practices that have proven to be worthwhile. The central
question to be addressed is: how does one ensure that literacy initiatives or
programmes implemented will last? This question begs another: which specific
aspects of literacy initiatives or programmes would be lasting in 1, 5 or 10 years’
time? Research has shown that ‘the programme or pedagogical approaches that were
promoted through the professional learning/development experience’ (Timperley,
Wilson, Barrar, & Fung, 2007, p. 218) are the ones that may have a great lasting
impact. A key criterion identified for judging sustainability appears to focus on ‘con-
tinued, improved, worthwhile student outcomes’ (Timperley et al., 2007, p. 218).
The belief is that ‘the conditions for sustainability are set in place during the profes-
sional learning experience as much as after it’ (Timperley et al., 2007, p. 218).

Sustainability under these circumstances requires ‘sufficient depth of principled
knowledge for teachers to be able to recognise what is consistent and inconsistent
with the changed practice being promoted’ (Timperley et al., 2007, p. 219).
Indeed, earlier work in the local context has surfaced the need for sustained,
focused professional learning over a period of time rather than ‘just-in-time’ feed-
back for instructional planning and resources (Tang, 2016b) in order for scaling
up pedagogic efforts and initiatives that support disciplinary literacy practices.

The following guiding principles for infusing disciplinary literacy practices into
subject-specific pedagogy could inform schools that are focused on strategising
disciplinary literacy practices to support content learning:

(i) Which aspects of the professional learning (e.g., specific expectations, principles,
theories) are expected to be sustained (if stated or implied)?

(ii) At what level is the implementation (e.g., classroom/level/school-wide)
expected to be sustained?

(iii) What kind of conditions created for sustainability was evident during the
professional development? (tools for evidence-informed study, focus on theory/
principle, other conditions)

(iv) What kind of conditions created for sustainability was evident after the
professional development? (integration of implementation efforts that are
coherent with school curriculum policy/framework, institutionalisation of
implementation through school restructuring/re-culturing?) (Adapted from
Timperley et al., 2007, pp. 219–220).
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4.9 Conclusion

This chapter has examined how focused planning and strategic design of profes-
sional learning programmes and collaborative school-based research have rein-
forced the concretising of disciplinary pedagogic practices that draw on literacy
support to meet students’ learning needs in the science curriculum. Purposeful
strategising at the systemic level informed by curricula focus that clearly deline-
ates the parameters for the integration of content and language-specific tasks and
processes. With the support of key partners (MOE, NIE) in collaboration with
school partners, this has facilitated the school-level implementation of disciplinary
literacy initiatives that is extending to more of the unreached among schools in the
local context. At the same time, the cascading of learning to school-based subject
teams at various levels has been set in place with structures supporting the
co-facilitation of subject teacher leaders working closely with language specialists
and subject literacy officers to infuse disciplinary literacy practices into content
teaching at the classroom level.

Further work necessitates ongoing monitoring of the impact of disciplinary
literacy initiatives adopted and adapted by schools to enable the necessary adjust-
ments and modifications based on what is or is not enhancing student improvements
in learning (Kaufman, Grimm, & Miller, 2012). Attempts to assess disciplinary
literacy, as Fang and Coatoam (2013, p. 630) remind us, necessitate collaboration
between language specialists and content subject teachers on identifying core skills
for developing content and habits of mind, selecting relevant and significant texts,
and designing authentic tasks and experiences. More studies along this line will
contribute to a comprehensive picture of how perspectives on disciplinary literacy
practice in the science curriculum are enacted to support students in reading, think-
ing, writing and speaking science the way scientists do.

References

Adger, C. T., Snow, C. E., & Christian, D. (Eds.). (2002). Teachers need to know about language.
Washington: Center for Applied Linguistics.

Bailey, F., Burkett, B., & Freeman, D. (2008). The mediating role of language in teaching and
learning: A classroom perspective. In B. Spolsky & F. M. Hult (Eds.), The handbook of
educational linguistics (pp. 606–625). Hoboken: Wiley-Blackwell.

Bell, P., Lewenstein, B., Shouse, A., & Feder, M. (Eds.). (2009). Learning science in informal
environments: People, places and pursuits. Washington: National Academy Press.

Buchmann, M., & Floden, R. E. (1991). Program coherence in teacher education: A view from
the United States. Oxford Review of Education, 17, 65–72.

Bybee, R. W., Taylor, J. A., Gardner, A., Van Scotter, P., Powell, J. C., Westbrook, A., et al.
(2006). The BSCS 5E instructional model: Origins and effectiveness. Colorado Springs:
BSCS.

Century, J. R., & Levy, A. J. (2002). Sustaining your reform: Five lessons from research.
Benchmarks: The Quarterly Newsletter of the National Clearinghouse for Comprehensive
School Reform, 3(3), 1–7.

58 C. Ho et al.



Collins, A., Joseph, D., & Bielaczyc, K. (2004). Design research: Theoretical & methodological
issues. Journal of Learning Sciences, 13(1), 15–42.

Conley, M. (2008). Cognitive strategy instruction for adolescents: What we know about the pro-
mise, what we don’t know about the potential. Harvard Educational Review, 78(1), 84–106.

Curriculum Planning and Development Division. (2010). English language syllabus 2010.
Singapore: Curriculum Planning and Development Division, Ministry of Education.

Draper, R. J., & Adair, M. (2010). (Re)Imagining literacies for science classrooms. In R. J.
Draper, P. Broomhead, A. P. Jensen, J. D. Nokes, & D. Siebert (Eds.), (Re)Imagining
content-area literacy instruction (pp. 127–143). New York: Teachers College Press.

Draper, R. J., Broomhead, P., Jensen, A. P., & Siebert, D. (2010). Aims and criteria for colla-
boration in content-area classrooms. In R. J. Draper, P. Broomhead, A. P. Jensen, J. D.
Nokes, & D. Siebert (Eds.), (Re)Imagining content-area literacy instruction (pp. 1–19).
New York: Teachers College Press.

Draper, R. J., & Siebert, D. (2010). Rethinking texts, literacies, and literacy across the curricu-
lum. In R. J. Draper, P. Broomhead, A. P. Jensen, J. D. Nokes, & D. Siebert (Eds.),
(Re)Imagining content-area literacy instruction (pp. 20–39). New York: Teachers College Press.

English Language Institute of Singapore. (2012). Position statement, attainment levels framework
and key implementation strategies for effective communication. (EDUN: N07-08-069).

English Language Institute of Singapore. (2013). Effective communication across the curriculum:
The importance of paying attention to subject literacy. (EDUNN07-08-069 V6). Singapore:
Ministry of Education.

English Language Institute of Singapore. (2016a). Retrieved from http://www.elis.moe.edu.sg/
English Language Institute of Singapore. (2016b). Professional learning opportunities @ ELIS.

Retrieved from http://www.elis.moe.edu.sg/elis/slot/u54/news-n-events/publications/prospec
tus/2016-ELIS-prospectus.pdf

Fang, Z. (2005). Scientific literacy: A systemic functional linguistics perspective. Science
Education, 89(2), 335–347.

Fang, Z. (2012). Language correlates of disciplinary literacy. Topics in Language Disorders,
32(1), 19–34 https://doi.org/10.1097/TLD.1090b1013e31824501de

Fang, Z., & Coatoam, S. (2013). Disciplinary literacy: What you want to know about it. Journal
of Adolescent & Adult Literacy, 56(8), 627–632. https://doi.org/10.1002/jaal.190

Gibbons, P. (2002). Scaffolding language, scaffolding learning: Teaching second language lear-
ners in the mainstream classroom. Portsmouth: Heinemann.

Jocuns, A. (2012). Classroom discourse. In C. A. Chapelle (Ed.), The encyclopedia of applied
linguistics (pp. 620–625). Oxford: Blackwell Publishing.

Kaufman, T. E., Grimm, E. D., & Miller, A. E. (2012). Collaborative school improvement.
Cambridge: Harvard Education Press.

Kress, G., Jewitt, C., Ogborn, J., & Tsatsarelis, C. (2001). Multimodal teaching and learning:
The rhetorics of the science classroom. London: Continuum.

Kress, G., & van Leeuwen, T. (2001). Multimodal discourse: The modes and media of contem-
porary Communication. Oxford: Oxford University Press.

Ministry of Education. (2008). Science syllabus (lower secondary). Retrieved from http://www.
moe.gov.sg/education/syllabuses/sciences/files/science-primary-2008.pdf

Ministry of Education. (2011). Standards and benchmarks for 21st century competencies.
Singapore: Curriculum Policy Office, Ministry of Education.

Ministry of Education. (2016). 21st century competencies. Retrieved from https://www.moe.gov.
sg/education/education-system/21st-century-competencies

Ministry of Education NZ. (2013). Research into the implementation of the Secondary Literacy
Project (SLP) in schools. New Zealand.

Moje, E. B. (2007). Developing socially just subject-matter instruction: A review of the literature
on disciplinary literacy teaching. Review of Research in Education, 31, 1–44.

Moje, E. B. (2008). Foregrounding the disciplines in secondary literacy teaching and learning:
A call for change. Journal of Adolescent & Adult Literacy, 52(2), 96–107.

594 Meeting Disciplinary Literacy Demands in Content Learning: The Singapore Perspective

http://www.elis.moe.edu.sg/
http://www.elis.moe.edu.sg/elis/slot/u54/news-n-events/publications/prospectus/2016-ELIS-prospectus.pdf
http://www.elis.moe.edu.sg/elis/slot/u54/news-n-events/publications/prospectus/2016-ELIS-prospectus.pdf
http://dx.doi.org/10.1097/TLD.1090b1013e31824501de
http://dx.doi.org/10.1002/jaal.190
http://www.moe.gov.sg/education/syllabuses/sciences/files/science-primary-2008.pdf
http://www.moe.gov.sg/education/syllabuses/sciences/files/science-primary-2008.pdf
https://www.moe.gov.sg/education/education-system/21st-century-competencies
https://www.moe.gov.sg/education/education-system/21st-century-competencies


Nutley, S., Walter, I., & Davies, H. (2007). Using evidence: How research can inform public
services. Bristol: The Policy Press.

Parkinson, J., & Adendorff, R. (2004). The use of popular science articles in teaching scientific
literacy. English for Specific Purposes, 23(4), 379–396.

Putra, G.B.S., & Tang, K.S. (2016). Disciplinary literacy instructions on writing scientific expla-
nations: A case studyfrom a chemistry classroom in an all-girls school. Chemistry Education
Research and Practice, 17(3), 569–579. https://doi.org/10.1039/c6rp00022c

Rappa, N. A., & Tang, K. S. (2017). Student agency: An analysis of students’ networked rela-
tions across the informal and formal learning domains. Research in Science Education, 47(3),
673–684. https://doi.org/10.1007/s11165-016-9523-0

Seah, L. H. (2015). Understanding the conceptual and language challenges encountered by grade
4 students when writing scientific explanations. Research in Science Education, 1–25. https://
doi.org/10.1007/s11165-015-9464-z

Seah, L. H. (2016). Elementary teachers’ perception of language issues in science classrooms.
International Journal of Science and Mathematics Education, 14(6), 1059–1078. https://doi.
org/10.1007/s10763-015-9648-z

Shanahan, T., & Shanahan, C. (2008). Teaching disciplinary literacy to adolescents: Rethinking
content-area literacy. Harvard Educational Review, 78(1), 40–59.

Shanahan, T., & Shanahan, C. (2012). What is disciplinary literacy and why does it matter?
Topics in Language Disorders, 32, 1–12.

Tan, A.-L., & Lee, P. P. F., & Cheah, Y. H. (In press). Educating science teachers in the twenty-
first century: Implications for pre-service teacher education, Asia Pacific Journal of
Education. https://doi.org/10.1080/02188791.2017.1386092

Tang, K. S. (2011a). Hybridizing cultural understandings of the natural world to foster critical
science literacy. Doctoral dissertation, University of Michigan, Ann Arbor. Retrieved from
ProQuest Dissertations and Theses database. UMI No. 3476796.

Tang, K. S. (2011b). Reassembling curricular concepts: A multimodal approach to the study of
curriculum and instruction. International Journal of Science and Mathematics Education, 9,
109–135.

Tang, K. S. (2013). Out-of-school media representations of science and technology and their
relevance for engineering learning. Journal of Engineering Education, 102(1), 51–76. https://
doi.org/10.1002/jee.20007

Tang, K. S. (2015). The PRO instructional strategy in the construction of scientific explanations.
Teaching Science, 61(4), 14–21.

Tang, K. S. (2016a). Constructing scientific explanations through premise—reasoning—outcome
(PRO): An exploratory study to scaffold students in structuring written explanations.
International Journal of Science Education, 38(9), 1415–1440. https://doi.org/10.1080/
09500693.2016.1192309

Tang, K. S. (2016b). How is disciplinary literacy addressed in the science classrooms?
A Singaporean case study. Australian Journal of Language and Literacy, 39(3), 220–232.

Tang, K. S., Ho, C., & Putra, G. B. S. (2016). Developing multimodal communication competen-
cies: A case of disciplinary literacy focus in Singapore. In M. Mcdermott & B. Hand (Eds.),
Using multimodal representations to support learning in the science classroom (pp. 135–158).
New York: Springer.

Timperley, H., Wilson, A., Barrar, H., & Fung, I. (2007). Teacher professional learning and
development: Best evidence synthesis iteration. Wellington: Ministry of Education.

Tyler, R. (1949). Basic principles of curriculum and instruction. Chicago: University of Chicago
Press.

Tytler, R., Prain, V., Hubber, P., & Waldrip, B. (2013). Constructing representations to learn in
science. Rotterdam: Sense Publishers.

Vacca, R. T., & Vacca, J. A. (2008). Content area reading: Literacy and learning across the
curriculum. 9th ed. Boston: Allyn & Bacon.

60 C. Ho et al.

http://dx.doi.org/10.1039/c6rp00022c
http://dx.doi.org/10.1007/s11165-016-9523-0
http://dx.doi.org/10.1007/s11165-015-9464-z
http://dx.doi.org/10.1007/s11165-015-9464-z
http://dx.doi.org/10.1007/s10763-015-9648-z
http://dx.doi.org/10.1007/s10763-015-9648-z
http://dx.doi.org/10.1080/02188791.2017.1386092
http://dx.doi.org/10.1002/jee.20007
http://dx.doi.org/10.1002/jee.20007
http://dx.doi.org/10.1080/09500693.2016.1192309
http://dx.doi.org/10.1080/09500693.2016.1192309


Part 2
Content and Language Integrated

Learning (CLIL) in Science



Chapter 5
Learning Language and Intercultural
Understanding in Science Classes in Germany

Silvija Markic

Abstract This study discusses a collaborative research and development project
consisting of science teachers, German as a Second Language (GSL) teachers, and
science educators. The project follows the model of Participatory Action Research
in science education. It focuses on the development of teaching modules for early
lower secondary school science lessons in grades 5–8 (age ranges roughly from
10 to 11 and 13 to 14, respectively) on different topics. The lesson modules imple-
ment the integration of content and language with the help of the Content and
Language Integrated Learning (CLIL) approach. All lessons are structured using
cooperative and autonomous learning methods. Over the last 2 years, the group
has included intercultural understanding in its teaching materials. The accompany-
ing research attempts to answer the following question: to what extent is it possi-
ble for students to learn science content, scientific terminology, and the German
language simultaneously in an intercultural context, while working in cooperative
learning settings and developing their intercultural understanding? Data were col-
lected from classroom observations, student feedback questionnaires, cognitive
tests, and teacher feedback. The initial results show that it is possible to success-
fully combine science content, language, and intercultural factors in the same les-
son module. Students were highly motivated and the lesson modules showed great
potential for improving students’ learning about the science subject matter. The
lessons simultaneously contributed to improvements in the students’ German lan-
guage skills and intercultural understanding. The findings reflect both the potential
benefits and consequences of the language and intercultural understanding aspects
selected for this lesson module. Conclusions from the results and further ideas are
also addressed.

Keywords German language · CLIL · intercultural understanding · participatory
action research · lower secondary school
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5.1 Introduction

Teaching for diversity and heterogeneity is a new challenge for most of the
teachers in general and science subject areas in particular. However, there is no
general heterogeneity. Students in our schools differ in all of the dimensions of
the diversity wheel: in their knowledge, immigration background, social back-
ground, culture (religion, tradition, national origin, etc.), cognitive skills, personal
(special) needs, in their mother language, and much more (Markic & Abels,
2016).

Conventionally, language has been understood as a simple vehicle for the trans-
fer of information (Fang, 2006; Ford & Peat, 1988). However, in science educa-
tion research, language and its role in the teaching and learning process did not
play a prominent role for a long time. An examination of science education litera-
ture over the last few decades suggests that the topic of language and its impor-
tance within science education has been poorly represented. However, there has
been a dramatic change when it comes to research on language in science educa-
tion and science teaching. At present, language is considered to be one of the cen-
tral issues that fosters or hinders learning in general and in the science classroom
in particular (Osborne, 2002). Science education researchers have become increas-
ingly aware of the fact that students’ linguistic abilities do interact with learning in
general and science learning in particular. For example, Lee (2005) and Lee and
Fradd (1998) showed that students’ lack of linguistic skills and unfamiliarity with
asking questions, investigating, and reporting results using scientific language can
cause students to lose interest in science lessons, which, in turn, causes lack of
understanding of science as a subject.

Furthermore, learning and the proper use of scientific language is necessary for
both communication among the students and communication between the students
and the teacher within the science classroom. Yet, it is no secret that students
have problems employing scientific language. This difficulty does not depend on
familial and/or social background. Scientific language can be regarded as a new
language for all the students. In addition, students with migration backgrounds
have further difficulties when it comes to correctly using the official language of
their country of residence. For most of these students, a science lesson is, in fact,
a bilingual lesson with specialized scientific language. In contemporary times,
there has been a large influx of refugees and other migrants in a lot of countries
all over the world. Due to these factors, the issue of communication is taking on
increasing importance for the overall success of national, regional, and local
education programs (Childs, Markic, & Ryan, 2015).

To support the argumentation and starting from the aims of Scientific Literacy
more than 15 years ago, Phillips and Norris (1999) mentioned that one of the main
features of Scientific Literacy was the skill of text understanding, including the
capability of employing information rationally during discourse or decision-
making in science-related, personal, and social issues. Furthermore, Scherz,
Spector-Levy, and Eylon (2005), in their study on the impact of explicit instruction
of literacy and communication abilities in middle school science lessons, show
that significant improvements could be observed in the intervention group for
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communication skills, when this group was compared with the control group, in
which no explicit instruction of communication and literacy skills had taken place.

An additional issue is that problems surrounding language in science education
are not solved through one-sided action, for example, through changes on the part
of the students. Talking and understanding a foreign language properly takes
years, depending on the age of the student (Collier, 1987). Furthermore, it is
widely known that the teacher is a key factor when it comes to the implementation
of the new ideas, changes in the activities in the classroom, and reforms in science
lessons (Markic & Eilks, 2008; Nespor, 1987). However, there is still a perceived
dichotomy between language and science amongst both teachers and students.
There is a crucial need for well-prepared teaching materials, which incorporate
language learning, and for teachers’ knowledge on how to create an environment,
which might include specific teaching materials, that promotes integration of lit-
eracy and science learning. Not only teachers, but also science researchers alike,
consider culture, in addition to language, as an obstacle to learning science
(Carter, 2007; Grosser & Glombard, 2008; Nieto, 2000; Roth & Tobin, 2009).
Thus, language and cultural prerequisites have been seen as a challenge in modern
science education and have influence on science teaching and learning.

The question remains, are language and students’ linguistic skills and their dif-
ferent cultural backgrounds only to be seen as challenges in science classrooms or
can we see language and culture as an opportunity for science education?
Answering the question positively would mean seeing the given situation in
science classes from a different angle. To do so, first it is necessary to clarify
vocabulary. The words “heterogeneity,” “diversity,” “integration,” and “inclusion”
are often used synonymously but different researchers have different definitions of
these terms. This chapter focuses on the definition of Sliwka (2010) where hetero-
geneity is understood as adjustments made to come to the terms with students’ dif-
ferent needs. With this in mind, integration may be interpreted as viewing
students’ differences as challenges that need to be dealt with in the classroom. On
the other hand, diversity means that differences serve as a resource for both
student’s and peers learning, where development and inclusion involves seeing
differences as an asset and opportunity in classes (see also Fig. 5.1).
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Starting from these definitions in this chapter, the expressions “linguistic het-
erogeneity” and “cultural diversity” will be used to describe the current research
and development project.

5.2 Theoretical Background

A good overview of German science education research is given in a special issue
“Traditions and trends in German mathematics, science and technology educa-
tion” by Eilks and Markic (2014). In alignment with international studies such as
PISA, IGLU, and international science education researchers (Bryan & Atwater,
2002; Cassels & Johnstone, 1983; Johnstone & Selepeng, 2001; Rodrguez &
Kitchen, 2005), Markic and Abels (2014) point out in this issue that multilingual-
ism and multiculturalism are primarily viewed as a disadvantage in German educa-
tion. This is considered to be one of the major problems with the German
educational system in general and in German science teaching in particular. The
majority of German students with migration backgrounds only begin to learn
German at the age of 6–7 after entering primary school (Brandenburger, 2007).
Most of those students never attended German kindergarten and mainly have con-
tact with children from the same migrant background until they start school in the
German school system. Even then, outside of school, they almost exclusively
speak their mother tongue with their families and friends. This translates, quite
often, into students with migrant backgrounds achieving overall lower educational
levels than native German speakers due to a lack of German language skills.
Reich and Roth (2002) discovered that it is only in a few cases that bi- or multilin-
gual students ever reached the language standard of native speakers. Furthermore,
the official school language during lessons, German, is a huge challenge for such
students for two reasons: (i) they often do not know the grammatical rules of
either their own spoken language or German (Maas, 2005) and (ii) explicit instruc-
tion in their mother tongue is not offered in school. However, Riebling and Bolte
(2008) found that multilingual students in the German context have high metalin-
guistic competencies in comparison with monolingual, native speakers. This is
because they have already been actively exposed to learning more than one lan-
guage system. Unfortunately, this skill has not been used. Students with migrant
backgrounds proved to be more attentive with respect to the language used in
chemistry lessons. Riebling and Bolte (2008), in addressing the “hidden linguistic
issues,” said that answers, statements, and questions given by these students also
tended to be much shorter and less complex, with less usage of specific, scientific
terminology. Their answers do not reflect a high level of complexity of using ele-
ments of scientific language in German. Furthermore, those students have rela-
tively few possibilities to participate actively and productively in regular
classroom settings. They experience the new language receptively and have less
opportunity to actively use it in order to develop their linguistic competency.
Furthermore, the lack of mastery of the German language makes content learning
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in science lessons difficult for nonnative speakers. Thus, regular science lessons
often turn into a bilingual minefield for such learners. They not only have to
assimilate the basic content presented in the lesson, but also have to understand
and learn the specific scientific language (Leisen, 2004). Due to this combination,
these students lack the language competencies necessary to communicate and to
actively participate in the lesson (Phillips & Norris, 1999).

Additionally, German science teachers often do not accept the teaching of lan-
guage as a necessary goal within their own science lessons (Markic, 2010).
In many cases, they attempt to relegate it to a secondary position, as an issue
which should be addressed by other subjects and by other teachers, for example,
in German lessons and German teachers (Tajmel, 2010). Although the importance
of the work on linguistic heterogeneity and dealing with it in science classes is
already known in the German context, studies concerning science teachers’ beliefs
about dealing with the linguistic heterogeneity in science classes are rare in our
country. As such, Riebling and Bolte (2008) propose that science teachers pay
greater attention to students’ language and display sensitivity when they are teach-
ing in linguistically heterogeneous classes. This is important, so that teachers can
realize the problem, deal with it in their lesson planning, and try to address this
issue in their teaching. However, Benholz and Iordanidou (2004) noticed that this
is especially difficult for science teachers that are monolingual. The authors
showed in their study that, in particular, monolingual teachers have problems noti-
cing linguistic heterogeneity of their classes. Thus, science teachers plan their les-
son and teaching for monolingual classes.

The issue of linguistic heterogeneity, however, is not only an issue connected
to migration. Increasingly, native-speaking students have less developed language
abilities in many countries (Tajmel, 2010). The reasons lie in the special needs of
some of the students. Problematic familial and social backgrounds can also lead to
lower levels of linguistic abilities, which directly influence the student’s potential
learning success in any domain of school education. This is why this issue should
not be seen as a problem just for students with migrant backgrounds, but more as
arising from the linguistic heterogeneity of the students.

Additionally, in their classrooms students are confronted with different cultures,
which often have different belief systems and attitudes (Mamlok-Naaman,
Abels, & Markic, 2015). To work with other students, it is necessary to understand
their behavior, as well as to speak the same language. Thus, intercultural under-
standing needs to become an important part of science lessons. Intercultural under-
standing is seen as a fundamental, or even essential, part of international
education (Walker, 2004). It helps students appreciate the richness and diversity
of other cultures and recognize that there are different ways of seeing the world
(Bredella, 2003). It requires the development of (i) specific knowledge – aware-
ness of cultural differences, (ii) attitude – raising awareness of the attitudes which
inform how we react and the development of the ability to adjust our own beha-
vior, when required, and (iii) building rapport – understanding the way we need to
act and react to respond in an appropriate and respectful way (Van Oord & Corn,
2013). This research field is, unfortunately, underrepresented in German science
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education. From only a few scholars do we see the realization of a strong connec-
tion between cultural diversity and linguistic heterogeneity. Some of this work is
presented by Tajmel (2010), although the focus lies on research of students’ lin-
guistic skills. The present project is aiming to develop language- and cultural-
sensitive teaching materials for science classes.

5.3 Rationale of the Project

Starting from the present situation in Germany, this research and development pro-
ject aims to develop teaching methods and learning materials for linguistically het-
erogeneous and culturally diverse classes, including research on their effect on
teaching and learning. Thus, from one perspective, the lesson modules should help
students to develop a linguistic basis for scientific language and to avoid learning
incorrect scientific language. Using the lesson modules should help teachers to
support communication between students, not only help them express themselves
in good German, but also use proper scientific language. Consequently, the lesson
approach selected and the learning materials developed combine both content and
language using Content and Language Integrated Learning (CLIL), along with
cooperative and autonomous learning. From another perspective, the lesson mod-
ule seeks to develop students’ intercultural understanding.

From this initial point the main research question is:

To what extent is it possible for students to learn science content, scientific terminology
and the German language simultaneously in an intercultural context, while working in
cooperative learning settings and developing their intercultural understanding?

5.4 Research Methods

5.4.1 Participatory Action Research

This project is based on the Participatory Action Research (PAR) model of science
education (Fig. 5.2; Eilks & Ralle, 2002). PAR is a joint effort between teachers
and science educators for curriculum development, educational research, and
classroom innovation. By using this approach, different competencies melt
together into development of teaching practice.

This chapter describes the work of a group of nine chemistry/science teachers
and three teachers of German as a Second Language (GSL) from different second-
ary schools, who are collaborating with a university researcher (Fig. 5.3). The
group meets regularly every 3–4 weeks and has been developing lesson modules
concerning CLIL and intercultural understanding for about 2 years. Also before,
the same group was working on a development of language sensitive teaching
materials for science classes. At the group meetings, changes in teaching practices

68 S. Markic



New concepts
and media for

teaching

Knowledge
about teaching
and learning

Development
of teaching strategies

and media

Testing
in

practice

Evaluation
Reflection

and revision

Knowledge

about learning

processes

Teaching

experiences

Didactical and

methodological

reflections

Scientific

background and

its reduction

Teachers

intuition and

creativity

Field of teaching practice

Conceptions and knowledge

for the development of

teaching practice

Aims:

Development of concrete practice

by the research process

Developed
practice

Trained
teachers

Documentation
of teaching

practice

Fig. 5.2 PAR within science education (Eilks & Ralle, 2002)

university educators

Science Teachers
German as a second

language
teachers

science education
GSL-education

Fig. 5.3 PAR group in the present project

695 Learning Language and Intercultural Understanding in Science Classes in Germany



are proposed, negotiated, and refined, so that the resulting structures can be tested
and applied in classroom situations before being reflected upon and improved.

Two different lesson modules have been developed using this model and focus-
ing on both linguistic heterogeneity and cultural diversity. Table 5.1 offers an
overview of the development and evaluation process. This example of the devel-
opment of the lesson module “Staying Healthy” is representative for the work of
the group.

To answer our research question, multidimensional triangulation was done. All
of the student groups that implemented the lesson module were continuously
accompanied and observed by university researchers. Furthermore, after each les-
son a self-reflection by the teachers was completed and written down. These
experiences were regularly discussed by the entire PAR group. Finally, students
were asked to write a short cognitive test which was developed by the teacher
group, based on their experiences and knowledge. Additionally, a student feed-
back tool was collected, which is a combination of an open and a Likert-type
questionnaire.

5.4.2 Lesson Module “Staying Healthy”

In the first phase of the lesson module “Staying Healthy,” students begin by work-
ing on a worksheet which presents different food products that are not typical in
German diet (e.g., cooked bananas, mango, okra, soy). The goal in starting this

Table 5.1 Development and evaluation of a lesson module “Staying Healthy”

August 2014 Analysis of relevant literature; collecting ideas for
methods and experiments; first provisional structuring of
the lesson module

End of September 2014 (Meeting
of the group of teachers)

Presentation of the provisional lesson module;
negotiating and restructuring the first part of the lesson
module; collecting ideas for structuring the second half

October to November 2014 Revising the lesson module; testing of the lesson module
in two student learning groups; observation of the lessons
by one university researcher and teacher self-reflection
after each lesson

End of November 2014 (Meeting
of the group of teachers)

Reflection on first experiences with the whole group of
teachers; negotiating the test and student questionnaires

November to December 2014 Testing occurs in another learning group; test and student
questionnaires

Mid of December 2014 (Meeting
of the group of teachers)

Reflection in the whole group

January to June 2015 Testing in another three learning groups occurs; test and
student questionnaires
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discussion is to help students analyze what it means to eat healthy and what
criteria can be used to label food as healthy. Following this idea, the students
worked in groups by using different worksheets to clarify these questions. Using
this knowledge, in the following experimental phase students researched different
food products containing sugar, fat, etc. Then the students worked on a research
folder. The first page listed all the materials needed to carry out the experiments.
The experiments are about testing the food on sugar, fat, protein, and starch.
In addition, German vocabulary and definitions were provided, as well as the defi-
nite and indefinite articles for German masculine, feminine, and neuter nouns in
both singular and plural forms. Students worked in pairs, using the learning station
method. Every station was based on an experiment and contained exercises about
the topic assigned to the station. However, every exercise not only aimed to repeat
and build knowledge, but also aimed to improve the students’ knowledge of the
German language. Therefore, in addition to every exercise, students had to work
on an exercise in German language. The experiments were mainly presented as
drawings or a sequence of pictures. To acquire the knowledge of writing a labora-
tory report, the students had aid in the form of “Help Cards” (that offer help on
different students’ language levels) at nearly all stations. By doing so, students
were able to decide what they needed help with and on what kind of level they
needed it. The next step involved students reflecting on their own eating habits.
As a homework, they monitored their eating habits by recording them in writing.
They analyzed the results of the observations of their eating habits in the duration
of 1 week and interpreted the result based on the information they have gathered.
To make students sensitive toward different cultures and give them knowledge
about different cultures, students dealt with the food from the beginning of the les-
son module and with fictional letters from students from different countries
(China, India, South Africa, Peru). They analyzed the food from these countries
and learnt more about the eating habits in those countries. Following this, students
wrote a letter back to one of the fictional students. At this point, the exercises
were merged with exercises for the German language. In this phase students could
rely on the “Help Cards” that were offered. It was important that students were
aware of the help, but they were not forced to use it.

Different tools and methods for the acquisition of GSL were used in the lesson
module. From this vast repertoire, some are named here:

• Simple phrasing (one-sentence-constructions) – the sentences were written as
easy as possible. The focus was on only full information block without subordi-
nate clauses.

• List of vocabulary (with articles, and plural forms) – glossary of the new words
was written, containing their explanations and definitions.

• Words for helping to write the observation and discussion – a list of word was
given that students can use to build a sentence describing their observation or
discussion.

• Beginning of the sentence – the first two to three words of a sentence were
named.
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• Connecting the parts of the sentences – the sentence was cut into different parts
and students had to connect the parts to build a correct sentence.

• Sample sentences – one sentence was given as an example. Students should
use this as a pattern for writing their own sentences.

• Drawings as explanation – explicitly while describing the experiments, some
parts of the experiment were presented as a drawing, instead of an explanation.
For some students, it is easier to copy the drawing than to understand the expla-
nation properly.

• Cloze – the parts of the text are left out. Students need to fill in the gaps and
build the correct text. Usually, the scientific words are left out.

More methods are presented in Markic, Broggy, and Childs (2012).

5.4.3 Sample

The testing and evaluation phases were carried out using six learning groups
(grade 7; age range 11–13) with a total of 144 students for the lesson module on
“Staying Healthy.” The lesson module was tested in different schools in the city-
state of Bremen, Germany. All of the schools which took part in the study are
located in the suburbs of Bremen. The population of these suburbs is, typically,
comprised of individuals who have a lower than average social and educational
background, including a number of residents with a migrant background.
Table 5.2 presents some of the characteristics taken from the sample.

When looking at Table 5.2, it is clear that the students predominantly come
from a migrant background and that a very high percentage of students do not
speak the German language at home. Information about their competencies in
German language has been provided by the science teacher in cooperation with
the German language teacher. The students who took part in our studies are gener-
ally poor in their German language proficiency, particularly when it comes to
expressing their own knowledge in writing and creating proper sentences. The stu-
dents in this study mainly speak Turkish or Arabic as their first language. Also,
different Slavic languages are spoken by students in this study as mother lan-
guages. Only a few of the students speak Pakistani, Tamil, or English as their
mother tongue.

Table 5.2 Characteristics of sample population

Characteristic Staying Healthy (N = 144)

Sex Female 83 (57.6%)

Male 61 (42.4%)

Students with a migrant background 130 (90.3 %)

German not spoken as the home language 90 (62.5 %)
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All the participants (teachers and students) voluntarily participated in the study.
Everything was performed in compliance with the relevant laws and institutional
guidelines. Prior to the study, the school principals were informed about the pur-
poses and the duration of the study. For students’ data, codes chosen by students
were used.

5.5 Results

The cognitive test was developed by the teachers according to their personal teach-
ing experiences. The scoring of the test was based on the prestructured pattern for
evaluating the test. The focus was on students’ decision-making, argumentation,
and content knowledge. The majority of students passed the test successfully,
achieving scores higher than 50% of the total available points. A high percentage
of all student groups had scores of “good” or “very good.” A total of 75% of the
participants achieved more than 80% of the total points possible. Such achieve-
ment was considered to be high and quite a remarkable factor by the teachers.

From the teachers’ reflection, it was noted that they were happy with the out-
come, with the openness of the lessons, and with the overall motivation of their
students. Furthermore, they reported that students needed less support in under-
standing and writing while working on their materials compared to the other les-
sons. They also said that they were surprised how easy it was for some students to
deal with the topic. It was interesting for the teachers to see that some students
were more motivated during the work and also started to show their results
proudly to the teacher, emphasizing their language and “… writing a … good sen-
tence …” (student). This reaction was consistent both with the feedback given by
the students and the classroom observation. The results show that the students
were able to learn autonomously and liked to work cooperatively in smaller
groups of 2–3 persons (see Fig. 5.4). About 80% of the students do not agree with
the statement that it was difficult for them to understand the materials. The lear-
ners judged the lessons to be remarkably good, especially concerning aspects such
as help in the verbalization of their own ideas and knowledge, the autonomy of
learning, and structured cooperation and communication. In particular, they men-
tioned that the working materials had helped them better understand the topic both
by themselves and within their peer group (see next to last and last statement in
Fig. 5.4). During the lesson module it was easy to observe that students were
proud of themselves and of their own work. They also agreed that their ability to
express their own ideas and results in proper German had grown commensurately
(compare also Markic, 2011, 2012).

Though it was not explicitly measured and evaluated but, by combining the
results from the students’ cognitive test and their questionnaire, teachers’ reflection
and classroom observation, it can be said that the language support given in this
lesson does support the development of students’ scientific literacy as well. We
can see that, with such language support, students were able to understand and
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experiment scientific facts and their meaning. Furthermore, it seemed easy for
them to describe, explain, and interpret scientific facts, which was the focus of the
cognitive test.

Finally, the result was that students were very open to and interested in differ-
ent cultures. They were interested in gaining more knowledge about other cultures
and wanted to exchange their ideas in the classroom, as well (see third statement
in Fig. 5.4). One noticeable fact was that participants in the tested classes became
more open and aware of different cultures in their own classes. Students started to
talk about their own eating habits at home and both how and what they ate during
the day. Some of the students even talked about their eating habits when they vis-
ited the countries where their families had come from. In addition, one class orga-
nized a day for international healthy cooking in cooperation with the students’
parents. It seems that the lesson module was a step in the right direction for devel-
oping and supporting students’ intercultural understanding.

5.6 Conclusions and Implications

The teaching and learning methods described above started a wave of strong
developments and changes in many specific pedagogies in Germany, in their effort
to reduce the difficulties students had with scientific language in German schools
(Busch & Ralle, 2012; Leisen, 2004; Markic, 2012). Special teaching methods
and different tools for dealing with students’ linguistic heterogeneity in science

I like to study with other students
in my class.

I think that the learning materials
were difficult to understand.

I think it is good, that we studies
in groups.

I think it is important to know something
about different cultures and not only

about the own.

I like the fact that we got the information
about different countres und thus learned

more about different cultures.

The learning materials helped me a lot the
understand the lessons.

I agree I partualy agree I almost agree

0 10 20 30 40 50 60 70 80 90 100

I do not agree

Fig. 5.4 Presentation of the results from the student Likert-questionnaire
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classes are under development (Leisen, 2004; Markic, 2011). Methods are being
devised for supporting linguistically heterogeneous classes and encouraging lin-
guistically sensitive teaching and learning of science. The evidence supports the
claim that instruction and evaluation of practical work in linguistically heteroge-
neous classes needs to be assisted by language-activating and supporting tools.
This allows for the active integration of more students in practical and experimen-
tal tasks and contributes to better levels of achievement. However, the use of
language tools as a supporting measure for promoting lab work in classes that are
linguistically heterogeneous is a relatively new field in German science education.
Research regarding good practices and their effects in this area, therefore, is still
quite lacking. The present project tries to bridge this gap.

Although the cognitive test in the present study is limited in its scope in terms
of judging long-term learning effects, the short-term results provided a good base-
line for measuring whether students can understand topics on their own. Students’
understanding of topics includes their ability to express themselves more easily
and correctly through the German language. The initial data seems very promising
for implementation of further lesson modules which combine the learning of scien-
tific knowledge, German language skills, intercultural understanding, and coopera-
tive learning methods.

Despite the process of collaborative development being new for teachers and
students alike, each group dealt with it in an autonomous fashion, aided by the
newly created teaching materials for the lesson modules. This also held true for
the aspects focusing on the teaching of the German language and teaching meth-
ods employed. The students were able to cooperatively manage the lesson module,
despite initial doubts expressed by some of the teachers. The expectations of the
teachers, which had been set down in the form of a prestructured test, were
exceeded by the students, most of whom achieved unexpectedly positive cognitive
results.

The cooperative efforts between teachers of science and teachers of GSL
appear to have offered attractive possibilities for developing new teaching materi-
als which further linguistic heterogeneity and support intercultural understanding
in science lessons. The researchers also had a chance to exchange their personal
experiences of linguistic difficulties, knowledge of the students, and any pertinent
interdisciplinary information, including methodologies with the teachers.
Furthermore, cooperation between experts stemming from multiple disciplines
offers a promising path for creating, motivating, and highly attractive learning
environments. Finally, this cooperation provides the teachers with opportunities
for Continuous Professional Development and extending their professional
capabilities.

The results of the present study indicate that there is a definite way of answer-
ing the question of seeing students’ differences as an opportunity with an “yes.” It
is a longer but, nevertheless, an optimistic way for the German school system to
establish and implement the developed suggestions and changes in science classes.
It is also a way to change teaching for heterogeneity into an opportunity for most
of the teachers in general and science teachers in particular.
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Chapter 6
Supporting English-as-a-Foreign-Language
(EFL) Learners’ Science Literacy Development
in CLIL: A Genre-Based Approach

Yuen Yi Lo, Angel M. Y. Lin and Tracy C. L. Cheung

Abstract In recent years, the practice of using a second/foreign language to teach
non-language content subjects (e.g. science) has become increasingly popular,
especially in English-as-foreign-language (EFL) contexts. Such a practice can be
categorised as ‘Content and Language Integrated Learning’ (CLIL). However,
EFL learners may encounter difficulties in accessing content knowledge through
English, especially with regard to the subject-specific academic literacy. Hence,
content subject teachers may need to provide more scaffolding to help EFL lear-
ners in CLIL bridge the gap between everyday language and academic literacy.
A genre-based approach, which emphasises contextualised language learning and
use, serves as a useful framework to integrate content and language teaching in
CLIL. This chapter shares an example of how university language specialists col-
laborated with science teachers in one secondary school in Hong Kong, where
CLIL is practised. Drawing insights from the genre-based approach, the
university-school collaborative team designed and tried out a set of materials to
help grade 8 students write a piece of sequential explanation text. Lesson observa-
tions revealed how teachers integrated language scaffolding into their science les-
sons, and students’ sample work and teachers’ reflection showed that the materials
were useful for helping the students develop science literacy. These findings yield
significant implications for literacy development in science education and lan-
guage across the curriculum in CLIL.
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6.1 Introduction

In the era of globalisation, learning and using (an) additional language(s) apart
from one’s mother tongue is becoming the norm internationally. Hence, identify-
ing ways to learn a second language (L2) more effectively is a topic of consider-
able research interest. English, often referred to as the lingua franca, is clearly the
most popular L2 in English as a Foreign Language (EFL) contexts (Dalton-Puffer,
Nikula, & Smit, 2010). Content and Language Integrated Learning (CLIL), with
its principle of learning content subjects such as science and history through an
L2, holds great potential to facilitate L2 learning and is gaining popularity around
the world, including such EFL contexts as Europe and Asia. However, researchers
have observed notable differences between academic registers and conversational
registers, which poses tremendous difficulties for L2 learners who have to master
academic literacy and content knowledge at the same time (Gibbons, 2009). How
to integrate content and language teaching in content subject lessons remains a
huge challenge for CLIL teachers (Davison & Williams, 2001), especially those
subject specialists who may lack the knowledge and pedagogical skills of lan-
guage teaching.

Meanwhile, genre theory and genre-based pedagogy have become popular in
the field of English language teaching (Derewianka, 2003). Given its principles of
contextualising language learning and use for particular social purposes, genre-
based pedagogy has also recently attracted the attention of CLIL researchers
(Llinares, Morton, & Whittaker, 2012; Lorenzo, 2013), who suggest that it can
constitute an effective pedagogical framework for CLIL. This chapter describes
how genre-based pedagogy can be applied in CLIL science lessons to integrate
content and language teaching and how it can help EFL learners develop science
literacy. Here, it is necessary to define ‘science literacy’, as it is used in this study.
Since our project focuses on helping students acquire the academic language that
is needed to ‘express concisely and precisely the complex ideas and concepts that
are embedded in the content of a subject and that are essential for learning in that
subject’ (Gibbons, 2009, p. 5), we are primarily concerned about the ‘fundamental
sense’ of science literacy, which refers to the specific ways of using language
when doing science, understanding science and communicating science (Hand
et al., 2003; Norris & Phillips, 2003).

6.2 Science Literacy and Challenges Imposed on
EFL Learners

Knowledge is construed largely through language, and how different academic
disciplines construct or construe their disciplinary knowledge is different (Llinares
et al., 2012). For instance, in school science texts, it is common to find the preva-
lence of abstract subject-specific terms, high lexical density, complex noun groups
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(with nominalisation) and the use of passive voice and implicit logical reasoning
(de Oliveira, 2010; Fang, Lamme, & Pringle, 2010). It is widely agreed that mas-
tery of the content of a discipline is in large part mastery of the discipline’s speci-
fic ways of using language, or discipline-specific literacy (Luke, Freebody, &
Land, 2000). At the same time, discipline-specific literacy can be understood with
the notion of ‘genre’, which can be defined as socially recognised ways of using
language to achieve certain communicative goals (Hyland, 2007). For example, in
school science, the basic genres include procedures, procedural recounts, reports
and explanation texts (Rose & Martin, 2012), and each of these genres has distinc-
tive discourse structure and lexicogrammatical features to achieve its communica-
tive goal. Take the genre of ‘sequential explanation’ as an example. Its purpose is
to explain a sequence of events and it usually starts with a general description of
the ‘phenomenon’, followed by the ‘explanation’ in a series of ‘steps’ (Rose &
Martin, 2012). Such a way of using language in science (i.e. science literacy) is
apparently different from how language is used in everyday life, and this presents
difficulties to students, particularly those L2 learners in CLIL who have to learn
content subjects through an L2. As students are very often expected to express
their understanding of subject knowledge through academic literacy in high-stakes
assessments, there have been calls for more explicit instruction of subject-specific
genres so as to help students master academic literacy (Gibbons, 2009).

6.3 Dilemmas Facing Science Teachers in CLIL

Although there is call for more explicit instruction of academic literacy in content
subject lessons, content subject teachers may not share similar views. Content sub-
ject teachers tend to construct their identity as ‘content subject teachers’ only, and
they may not believe that it is their role to teach ‘language’ (Lo, 2014; Tan,
2011). Even though some content subject teachers are willing to take on the
responsibilities for language teaching, owing to their professional training as sub-
ject specialists, they may lack the knowledge and pedagogical strategies to do so
(Koopman, Skeet, & de Graaff, 2014). This may be particularly true for science
teachers, who have been trained to adopt inquiry-based instruction, in which stu-
dents are actively engaged in the process of exploring and constructing knowledge
(Weinburgh, Silva, Smith, Groulx, & Nettles, 2014). Such inquiry-based pedagogy
may not be compatible with language teaching pedagogy. For instance, the well-
known Sheltered Instruction Observation Protocol (SIOP) aims at making content
accessible to English language learners in mainstream schools in the USA
(Echevarria, Vogt, & Short, 2010). It emphasises the provision of language scaf-
folding in content subject lessons, but its approach of ‘frontloading’ or ‘fore-
grounding’ language teaching has been challenged by science education
researchers (Weinburgh et al., 2014). Thus, one prominent challenge faced by con-
tent subject teachers in CLIL is how they can systematically integrate content and
language teaching in their lessons (Davison & Williams, 2001). In some
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educational contexts, CLIL teachers are also responsible for preparing students to
sit for high-stakes public examinations in content subjects, and may thus be
unwilling to spare time in their lessons to teach language (Lo, 2014; Tan, 2011).
All these place CLIL content subject teachers in a difficult position when planning
and delivering their lessons.

6.4 Genre-Based Pedagogy – A Possible Solution to the
Problem of How to Integrate Content and
Language Teaching

Researchers have been looking for a systematic pedagogical framework for CLIL
and some have realised the potential of genre-based approaches, as such
approaches can provide a contextualised language learning experience by pulling
together language, content and context (Hyland, 2007). Through identifying
subject-specific genres and their linguistic features, teachers can develop a better
idea of how to incorporate language teaching during the process of knowledge
construction in content subject lessons (Lorenzo, 2013).

There is no single pedagogy associated with genre theory (Derewianka, 2003),
and the genre-based pedagogy that our project adopted is the Sydney School’s
‘teaching/learning cycle’ (Rose & Martin, 2012), which consists of three stages,
namely deconstruction, joint construction and independent construction. During
the deconstruction stage, the teacher builds up field knowledge (such as science
concepts in science lessons) and prepares students to read. The teacher then reads
the academic text together with the students. During the reading process, the tea-
cher deconstructs the text and draws students’ attention to the linguistic features
of the genre in question. With such language awareness, the teacher then co-con-
structs a piece of writing (be it a few sentences, short paragraphs or texts) with
students. After guided practice, students will then be able to write another short
text on their own during the independent construction stage. Hence, genre-based
pedagogy integrates top-down and bottom-up strategies in helping students to read
and produce subject-specific genres, thereby helping them to develop academic
literacy. Such a pedagogical framework is grounded on the principle that ‘success-
ful learning depends on guidance through interaction in the context of shared
experience’ (Rose & Martin, 2012, p. 58) and also Vygotsky’s socio-cultural
theory, which suggests that learning is facilitated when learners obtain scaffolding
through interacting with the teacher and peers (Vygotsky, 1978).

In Anglophone countries, including Australia and the USA, genre-based peda-
gogy has been adopted to assist English language learners to master school genres
(de Oliveira & Iddings, 2014; Rose & Martin, 2012). In CLIL, there have also
been attempts to adopt genre-based pedagogy. For instance, Fan and Lo (2016)
evaluated the effectiveness of genre-based pedagogy in facilitating students’
science literacy development in Hong Kong. The grade 7 students in their study
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showed significant improvement in their writing of classifying reports and conse-
quential explanation texts. However, in their study, the genre-based pedagogy was
implemented by an English language teacher in after-school classes. Hence, their
findings may not be able to illuminate how language scaffolding can actually be
implemented by science teachers in science lessons. Further application and eva-
luation of the impact of genre-based pedagogy on students’ academic literacy in
CLIL is thus necessary.

It is against this background that this project was conducted to help EFL lear-
ners develop their science literacy. This chapter aims to illustrate how genre-based
pedagogy can be applied in CLIL science lessons to integrate content and lan-
guage learning, and to examine the potential impact of adopting such pedagogy
on students’ science literacy development. The specific research questions are:

1. How can genre-based pedagogy be adopted in science lessons to integrate con-
tent and language teaching?

2. How do science teachers perceive the effectiveness of genre-based pedagogy?

6.5 The Project

This project was commissioned by the Education Bureau of Hong Kong, with the
aim of promoting talking and writing in junior secondary science classes1 (grades
7–9, students aged between 13 and 15). In Hong Kong, which is a former British
colony and now a special administrative region of China, Chinese and English are
the co-official languages. Owing to the colonial history and economic develop-
ment of Hong Kong, English is highly valued in the society (Poon, 2010). With a
view to increasing students’ exposure to English and enhancing their English pro-
ficiency, English is adopted as the medium of instruction for some or all content
subjects in most secondary schools in Hong Kong.2 In other words, CLIL is
implemented in most secondary schools, though to different extents. Realising the
difficulties that students may encounter when learning content subjects in English,
the Education Bureau of Hong Kong has been providing different kinds of support
for schools and teachers, including professional training and school support pro-
grammes like the one this chapter reports. In this 2-year project, the university

1This 2-year project, ‘Promoting Talking and Writing in Science at Junior Secondary Level
Using English as the Medium of Instruction’ was commissioned by the Science Education
Section, the Education Bureau of Hong Kong.
2Before 1998, secondary schools in Hong Kong could choose their own medium of instruction,
whereas the compulsory mother-tongue policy was implemented in 1998. Since 2010/2011, the
government ‘fine-tuned’ the mother-tongue policy by allowing secondary schools to choose their
medium of instruction according to some criteria concerning teachers, students and resources
available (see Poon, 2010, for a review of the development of medium of instruction policy in
Hong Kong).
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team organised professional development workshops for teachers from several
secondary schools and provided on-site support through collaborative planning
meetings, materials development, lesson observations and reflections. This chapter
focuses on the implementation of the project in one of the project schools.

The project school adopted English as the medium of instruction for most con-
tent subjects (e.g. science, geography) at all grade levels. Most students of the
school belonged to Band 1, the top tier of the three-tier categorisation system of
primary school students in Hong Kong. Hence, it is reasonable to assume that stu-
dents in the school possessed an above average level of academic ability and
English proficiency. The students had learned English as a foreign language for at
least 6 years in primary school and they were also learning English in their
English language lessons in the secondary school. The school participated in the
project mainly because they desired to receive more support from university edu-
cators to help their students further develop their academic literacy.

The school decided to focus on grade 8 students (aged around 13 years old),
and hence the three science teachers teaching grade 8 classes were involved in the
project, with the vice principal being the coordinator. All three science teachers
were experienced in teaching science through English. Two English teachers were
also involved in the project, as the school regarded this as part of the language
across the curriculum initiative. They were invited to attend co-planning meetings
and comment on the materials designed by the university team, but they did not
participate in the implementation and evaluation stage.

The university team, comprised of four English language educators and one
science educator, first met with the teachers to discuss the topic to focus on and
their objectives. They decided to focus on the topic ‘breathing mechanism’, with
the aim that the grade 8 students would be able to write a short sequential explana-
tion text to explain the processes of ‘breathing in’ and ‘breathing out’. The univer-
sity team and science teachers worked together to design a set of materials for the
topic (more details in the next section) and the materials were then tried out by the
three teachers in four grade 8 classes. During the try-out, the university team
observed and video-recorded at least one lesson of each class. After that, the uni-
versity team and teachers reflected on the effectiveness of the materials.

6.6 Data Collection and Analysis

Multiple sources of data were collected to address the research questions. These
included the materials developed in collaboration with the teachers, four video-
recorded lessons, teachers’ reflection and some students’ sample work collected
by the teachers. The recorded lessons were transcribed and analysed to identify
the episodes where the teachers attempted to integrate content and language
teaching. The strategies that the teachers used were coded and categorised accord-
ing to the language features being focused on (e.g. ‘teaching subject-specific
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words using syllabication’ and ‘teaching common word roots or affixes’ are
‘vocabulary’ level strategies; ‘providing some useful connectives for students to
link up their ideas in sentences’ belong to ‘sentence’ level strategies). Some illus-
trative episodes will be presented in this chapter to demonstrate the application of
genre-based pedagogy and some useful pedagogical strategies in CLIL science
lessons. Teachers’ reflections were also transcribed and coded to identify themes
related to the usefulness and limitations of the materials. In particular, the
researchers were interested in exploring whether and how the teachers found
the materials useful in helping students write sequential explanations, how they
incorporated the materials into their science lessons, possible difficulties they
may have encountered and any limitations of the materials. These, together with
some students’ sample work provided by the teachers, can reveal the teachers’
perceptions of the effectiveness of the materials.

6.7 Design of the Materials Based on Genre-Based Pedagogy

Based on the principles of genre-based pedagogy, the materials designed for the
project consisted of four main parts. Activity 1 drew students’ attention to
subject-specific words, which referred to the different parts of body involved in
the breathing mechanism and their collocation with certain verbs (e.g. intercostal
muscles contract or relax; diaphragm becomes flattened or returns to dome
shape). After grasping those key words and phrases, students’ understanding of
the processes of breathing in and breathing out was further consolidated in
Activity 2, which required students to complete two flowcharts showing the
breathing mechanism. The use of graphic organisers (flowcharts), together with
symbols like arrows or ‘<’, serves as another semiotic resource to complement
language. The use of multimodality here was particularly useful, as students were
required to thoroughly understand the processes and their sequence involved in
the breathing mechanism. When the students completed the flowcharts and shared
answers with the teachers, they were already engaged in the ‘joint-construction’
process, though they did so mainly orally. This then led to Activity 3, which
asked students to first rearrange the order of words/phrases in sentences and then
further rearrange the order of those sentences, which would then form the target
sequential explanation text. After this joint-construction stage, students should be
well-prepared for the final task (Activity 4), in which they were asked to write
two short texts (or paragraphs) describing the processes of breathing in and
breathing out respectively.

In short, the different tasks of the set of materials follow closely the various
stages in the teaching/learning cycle, providing scaffolding at the word, sentence
and text levels, and progressing from receptive to productive skills. Multimodality
(e.g. flowcharts) is also utilised as another kind of scaffolding.
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6.8 Findings and Discussion

6.8.1 Delivery of the Materials – Integration of Content and
Language Teaching

This section reports how the teachers used the materials in lessons, particularly
some useful strategies that they adopted to incorporate language teaching into their
science lessons. When designing the materials, the university team paid special
attention neither to ‘interrupt’ science teachers’ inquiry-based approach nor to
‘foreground’ language teaching in science lessons. Hence, although the materials
still aimed at integrating content and language teaching, the university team trea-
ted the materials as consolidating tasks, helping students to consolidate the science
concepts learned while developing science literacy. The university team expected
the teachers to use the materials after they finished teaching the concepts (i.e. the
whole breathing mechanism). However, when the teachers tried out the materials,
they skilfully incorporated the materials into their content teaching, thereby inte-
grating content and language teaching rather effectively and successfully. For
example, when we observed her lesson, T1 just started the topic of breathing
mechanism. She first introduced the various parts of body involved in the breath-
ing processes and illustrated the breathing processes with the Powerpoint slides
and video clips prepared by the textbook publisher. She then asked her students to
complete Activity 1 of the materials to consolidate what she had talked about, par-
ticularly the language involved (i.e. the collocation between different body parts
and verbs/actions). Excerpt 1 briefly demonstrates how T1 shifted between content
and language when she introduced the body parts and actions involved (see the
Appendix for transcription conventions).

Excerpt 1: T1 – Body parts and the corresponding actions [22:13 – 22:38]
At the beginning of the lesson, T1 briefly introduced the different body parts

involved in the breathing mechanism. Then, she asked all the students to stand up
and feel the movements of their ribs when breathing in and out. She further asked
the students why it was more difficult to hold the action of ‘breathing in’. The fol-
lowing shows how she addressed this question.

T1: … The idea is that because the intercostal muscles contract. So first of all, T1
[T1 addressing herself] would like to talk about the muscles, the muscles, the muscles can
have two conditions. One is contract [T1 holding her fist tightly], and one is relax [T1 soft-
ening her voice]. So, in your test or exam, don’t write the muscle ‘extend’ and ‘reduce’.
I don’t know what is it about. So you should use correct verb, that is ‘contract’ and
‘relax’. Is that OK? So, when we breathe in, the intercostal muscles, muscles
[T1 emphasising plural ‘s’], because there are many muscles between the ribs, so muscles
contract. And when the muscles contract, it brings about, so, our ribs move upward and
outward. So can you feel that, just now, our ribs, OK, move out, the rib cage, the whole
rib cage move outward and upward? So in this case, why it is difficult to hold? Because
the muscles contract, contract, it cannot contract for a long time, so this is the reason ….

In this excerpt, T1 attempted to explain why it is more difficult to hold the
action of breathing in, but she drew students’ attention to the language used in
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Lines 2–7, when she reminded students that they ‘should use correct verb, that is
“contract” and “relax”’ (Lines 4–5) and that ‘muscles’ should be in the plural
form ‘because there are many muscles between the ribs’ (Lines 6–7). Such expli-
cit instruction of the collocation between the body parts and action verbs was
probably due to Activity 1 of the designed materials, which reminded the teachers
to provide some scaffolding for the students at the vocabulary/phrase level.

On the other hand, T2’s class had already completed Activity 1 and 2 in pre-
vious lessons. T2 had asked the students to attempt Activity 3 (the jumbled sen-
tence task) as homework. At the beginning of the lesson we observed, T2 first
talked about the ‘bell jar model’, which resembles the breathing mechanism.
Through this, T2 revisited the key words and major steps involved in the breathing
mechanism. Then, he checked the answers to Activity 3 with the students, before
they proceeded to Activity 4, the individual writing task. Excerpts 2 and 3 present
two episodes about how T2 guided students to write a coherent text, either impli-
citly or explicitly.

Excerpt 2: T2 – Implicit highlighting of connectives [08:41 – 09:56]
This episode took place at the beginning of the lesson. T2 revisited the breath-

ing mechanism with the students using the ‘bell jar model’. After illustrating the
bell jar model, T2 discussed with the students how the model represented the
breathing mechanism with some PowerPoint slides.

T2: OK, the balloon becomes bigger. Here, again, this is the part [T2 pointing at the word
‘balloon’ on the PowerPoint slide], in blue, even though the colour is not very sharp,
blue. Red is the action [T2 pointing at the word ‘bigger’], just like Activity 2. OK, then
what happens? What happens then?

[pause; T showed the next PowerPoint slide; Ss laughed, as the answers were already
shown]

T2: OK, when the rubber sheet is pulled downward, done by me, OK, pulled it down,
then what happens to the volume of the bell jar? The volume, the volume, when it was
pulled downward, the volume become _____? Larger, or say increases of course. So, the
volume increases. Then what happens to the gas pressure? When the volume becomes lar-
ger, the gas pressure becomes ____? Becomes _____?

Ss: Lower

T2: Lower. Look at these [T2 pointing at the coloured words in the PowerPoint slide].
Here, you can see different parts [T2 pointing at the phrase ‘the rubber sheet’], action
[T2 pointing at the phrase ‘is pulled down’], volume of the bell jar, different parts, action
[T2 pointing at the word ‘increases’], and the gas pressure, action [T2 pointing at the
phrase ‘becomes lower’], right? Just like what we did before. How about this here
[T2 pointing at the word ‘when’]? What is this? ‘When’. Think about that, OK? You will
see other green words later ….

In Excerpt 2, T2 revisited the relationship between the action of the diaphragm,
the volume of the chest cavity and the gas pressure inside the chest cavity, using
the corresponding parts of the bell jar model (Lines 6–10). During the revision of
concepts, he slightly modified the PowerPoint slides provided by the textbook
publisher by changing the colour of some of the words to highlight the different
body parts (in blue), actions (in red) and conjunctions (in green) (as mentioned in
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Lines 12–17 of Excerpt 2). In addition to the different parts and actions, towards
the end of the episode, T2 further prompted students to think about what the green
word ‘when’ represented (Lines 16–17). By highlighting the use of connectives
implicitly with such a strategy, T2 was actually paving the way for the final task
(Activity 4), as Excerpt 3 shows.

Excerpt 3: T2 – How to write a sequential explanation [17:01 – 19:18]
After checking the answers to Activity 3 (the jumbled sentence task), T2 asked

the students to put Activity 3 into their textbook and just leave Activity 1 and 2
(i.e. the exercise on collocations of body parts and verbs, as well as the flowcharts)
on the table. T2 then distributed the final task (sequential explanation writing) to
the students and gave the following instructions.

T2: OK, what is the last shot? The last shot is [pause; T2 showing the PowerPoint slide]
try to write a sequential explanation. Now I know that, I know that if you have Activity 3
in your hand, you will just copy and paste, right? So, I’ll try to ask you to do it just
referring to Activity 1 and 2. Now remember, I’m not asking you to dictate, have dicta-
tion, OK? I just ask you to figure out how all these actions, all these actions, bring about
the air movement in and out of your lungs. I’ll just ask you to do breathing in only. OK?
Now maybe you think it’s a little bit difficult, but you can see here again [T2 pointing at
the PowerPoint slide]. It gives you some hints. When breathing in, the intercostal muscles
contract and _____? [T2 reading out the first sentence provided in the worksheet] So
refer to the Activity 2, you have this, right? [T2 referring to the flowchart] If we start
from here, then what happens? What is the event that happens afterwards? (pause) Will be
the _____?

S1: (…)

T2: Yeah, OK? Hey, wait, wait, wait, wait, wait. Not just, not just, er, write what I say.
You try to think about it. If these happen, if you mention these, OK, then can you just go
down? No, because?

Ss: At the same time.

T2: Yeah, this is ‘at the same time’, right? You (…). So these two events happen at the
same time. Just like this. You try to figure out the whole paragraph. OK? …

In Excerpt 3, T2 was guiding students to write a sequential explanation text
with the help of the key words in Activity 1 and the flowcharts in Activity 2,
instead of having a ‘dictation’ (Line 4). This is actually the independent construc-
tion stage. T2 showed how students could start by referring to the flowcharts
(Lines 6–17). Later in that episode, T2 also reminded the students not to forget
‘the green words’, which were the conjunctions he had mentioned before.
Students were then given 10 minutes to complete the task on their own, and as the
sample work in the next section shows, most students could construct the short
texts rather successfully.

One key issue concerning CLIL is how teachers, especially content subject tea-
chers, actually integrate content and language teaching (Davison & Williams,
2001), since they may lack knowledge of language teaching pedagogy, given their
training as subject specialists (Koopman et al., 2014). For science teachers in
particular, there may be tension between inquiry-based pedagogy and explicit
language scaffolding, with the fear of ‘foregrounding’ language teaching
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(Weinburgh et al., 2014). The lesson excerpts presented in this section may, to a
certain extent, provide some insights into this issue. Guided by genre-based peda-
gogy, science teachers could weave language teaching into the process of knowl-
edge construction, with strategies such as occasional language-focused instruction
(T1 in Excerpt 1), visualising/highlighting the use of connectives (T2 in Excerpt 2),
and explicit reminders of language usage (T2 in Excerpt 3). In this way, the pro-
cess of knowledge building will not be seriously disrupted, and students can
develop their academic literacy in a contextualised way. All these strategies and
examples demonstrate how genre-based pedagogy can be integrated into science
lessons to assist students in grasping content and language simultaneously.
However, it may be noticed that teacher–student interaction was rather limited in
the lesson excerpts shown above, which may raise the question whether the princi-
ple of ‘guidance through interaction’ was observed. We would argue that the
above episodes mainly show how the teachers drew students’ attention to the lan-
guage features of the genre and prepared students for the independent construction
task. Therefore, the teachers dominated the classroom talk, and students mainly
responded by doing the tasks. More teacher–student interaction was observed
later when the teachers checked the answers to the tasks with the students, during
which the language features of the genre were reinforced when the teachers
commented or elaborated on students’ responses. In addition, when the teachers
asked the students to complete the tasks, some of them assigned students to
do so in groups (e.g. T1 made Activity 2 a group task and asked students to com-
plete the enlarged flow charts in groups of 5–6). This in turn promoted more
peer interaction.

6.9 Teachers’ Reflection and Students’ Work

This section presents the teachers’ views on the effectiveness of the materials
designed for this project, together with some evidence gathered from students’
work.

When being asked their general impression of the materials after the try-out, all
the three teachers showed very positive responses and found the materials useful
and ‘user-friendly’ (T1). In particular, all the three teachers found the materials
effective in drawing students’ attention to language while teaching scientific con-
cepts. ‘Language’ here does not only refer to subject-specific vocabulary, but also
words like articles and connectives, which are essential for students to express
their ideas in complete sentences and coherent texts. As T3 commented, ‘I think
the jumbled sentence (Activity 3) is pretty good. It makes students pay attention to
and clearly understand the meaning of those vocabulary items. … Very often they
(students) don’t care about those articles and connectives. But the jumbled sen-
tence (activity) forced them to put those things back. They cannot avoid them. But
during the process of organising, when we checked the answers, they realised
they put (the words) in the wrong places. They would then pay more attention
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next time’. Extract 6.1, which was taken from a student’s classwork, illustrates
what T3 mentioned.

This student actually got most of the concepts correct (e.g. the volume of the
chest cavity increases; the gas pressure inside the chest cavity decreases), but he
did not know where to put the phrase ‘these movements’, which refers to the pre-
ceding movements of the ribs and diaphragm. The jumbled sentence activity
would then help the students to engage in deeper processing of the language and
raise their language awareness.

Similarly, T2 realised the importance of making students aware of the usage of
‘logical link’ (i.e. connectives). As he reflected, ‘The flowchart mentions “at the
same time” and “these movements”. In fact, these are very important link. Even if
(students) can combine those actions and structures, or the relationship between
structures and actions, whether they can link all these up depends on those links’.
Such awareness probably explains why T2 highlighted such connectives as ‘when’
and ‘therefore’ in his lesson, as demonstrated in Excerpts 2 and 3 above. After the
try-out, he found that ‘the effectiveness is pretty good, at least 80% or above
(could complete Activity 4). The students in my class are relatively weak, but what
they came up with was very close (to the target output). This is better than
before’.

The usefulness of the materials could be demonstrated with some students’
sample work in Activity 4. Extract 6.2 was written by a student in T2’s class,
whom he commented on as ‘relatively weak’. That may explain why some gram-
matical errors (e.g. subject-verb agreement, sentence formation) could still be
found, but in general, the concepts were accurate and the text was rather coherent,
as the student did try to use such connectives as ‘when’ and ‘so’ to link up the
ideas. Extract 6.3 was written by a student in T3’s class. His output was even
closer to the target text, except that some ‘logical links’ (e.g. ‘at the same time’,
‘these movements’, ‘therefore’) are missing.

Even more encouragingly, the effectiveness of the materials in promoting aca-
demic literacy for science can be further reflected by students’ performance in a
formal test conducted by the school later. In that test, students were required to
write a sequential explanation that explains how the breathing in mechanism takes

Extract 6.1 A student’s classwork in Task 3 (from T3’s class)
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place. Extract 6.4 shows how a student performed on that question. The student
clearly demonstrated his understanding of the breathing mechanism with a well-
constructed sequential explanation text. In his answer, phrases like ‘at the same
time’ and ‘so’ were used to connect different ideas.

Hence, from the teachers’ reflection and students’ work, it seems that the mate-
rials, designed based on genre-based pedagogy, were effective in helping students
to produce the target scientific text, thereby developing their science literacy.
What the teachers highlighted as particularly useful is the bridging between voca-
bulary and text level with more explicit instruction and language-focused prac-
tices, something which is often ignored by science teachers, who tend to put more
emphasis on the teaching of concepts (Lo, 2014; Tan, 2011). As highlighted in the
literature review, academic literacy is considerably different from everyday lan-
guage and it is not sufficient to simply adopt the ‘language bath’ approach, hoping

Extract 6.3 A student’s classwork in Activity 4 (from T3’s class)

Extract 6.2 A student’s classwork in Activity 4 (from T2’s class)
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that students would incidentally acquire academic literacy (Morton, 2010). This is
especially true for EFL students, who often lack regular contact with the target
language outside classrooms. Therefore, extra support in the form of more explicit
instruction and scaffolding is necessary (Llinares et al., 2012).

We acknowledge that from the lessons observed and the sample work col-
lected, we could not say much about students’ learning of the scientific concepts.
However, we would argue that the aim of developing the set of materials based on
genre-based pedagogy was to ‘counterbalance’ (Lyster, 2007) the content-oriented
lessons with more focus on explicit support for language. Hence, we tended to
pay more attention to students’ academic literacy development. Yet, we believe
that the set of materials could reinforce students’ conceptual understanding, since
they were guided to describe the processes through appropriate and precise aca-
demic language. In many CLIL classrooms in Hong Kong, it is likely that the tea-
cher would use some L1 to explain the concepts thoroughly and/or to check
students’ conceptual understanding, however, without also helping students to
express it in L2 (Lin & Lo, 2017). Our scaffolding in this study provides one way of
helping teachers to ensure that students also learn how to express concepts in L2.

Although it seems that all the teachers involved agreed with the usefulness of
the materials and language scaffolding in their lessons, they did reflect on some
issues when using the materials. The first thing mentioned concerns how to

Extract 6.4 A student’s performance in a formal test conducted by the school (from T3’s class)
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integrate content and language teaching in science lessons. T1 said, ‘I think before
using this set of materials, we may need more time to prepare, or to see how to
integrate (it) into the lessons. The original plan was perhaps we taught (the con-
tent) first, and then used the activities. But I think eventually what we did and the
outcomes were different. We all taught some (content) and then did some (activ-
ities)’. Such reflection echoes what we illustrated above when discussing the
teachers’ practices of integrating language scaffolding and science pedagogy.
In collaboration with the university team, the teachers were provided with a set of
materials, but how they actually incorporated that into their lessons to support stu-
dents’ learning also depends on teachers’ own experience, pedagogical awareness
and understanding of their students.

Another issue related to the integration of content and language teaching con-
cerns the practical issue of ‘time’. It is inevitable that some extra time is needed to
provide more explicit scaffolding for academic literacy, as T3 commented that he
had overestimated his students’ ability and it actually required plenty of time to
help students proceed from understanding the concepts to expressing their under-
standing through appropriate academic language. T2 expressed similar concerns
and he thought it was impossible to provide such ‘intensive’ language support for
each topic. This is in line with what previous studies found – the scramble for
time to cover the content in the syllabus has been identified as one hindrance to
CLIL, especially in examination-oriented contexts where content subject teachers
bear the pressure to prepare students for high-stakes examinations (Lo, 2014; Tan,
2011). However, T2 believed that ‘if we could choose one to two topics and let
students experience (academic language learning) or develop their language
awareness’, it would be worth the extra time spent. Such a comment may lead us
to think about the solution to the practical constraint of time in terms of the overall
curriculum design and perhaps language across the curriculum. It may be the case
that content subject teachers cannot afford too much time to focus intensively on
language scaffolding in their lessons, but it is still possible to incorporate language
teaching in some of their lessons if the curriculum is planned in such a way that
different subjects target at similar genres for recycling or reinforcement (i.e. hori-
zontal curriculum mapping), or that important language features of a particular
content subject (e.g. reports and explanation texts in science) are introduced sys-
tematically across grade levels (i.e. vertical curriculum mapping) (Lin, 2016).

6.10 Conclusion

This chapter reports the collaboration between university language specialists and
science teachers in a secondary school on implementing genre-based pedagogy in
CLIL science lessons. Based on the multiple sources of data collected, both the
university team and the science teachers believed that the materials designed based
on the principles of genre-based pedagogy were effective in helping the students
to achieve the target language objective – being able to write sequential
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explanation texts. We would then argue that this demonstrates the effectiveness of
applying genre-based pedagogy in facilitating students’ academic literacy develop-
ment, which corroborates Morton’s (2010) proposal that the genre-based approach
is a systematic way of incorporating language scaffolding into content teaching.

Despite our successful experience of implementing the genre-based pedagogy
in CLIL, the teachers in this project did reflect on some issues, including the prac-
tical constraint of lesson time. We would like to propose language across the curri-
culum as a potential solution, with teachers of different subjects collaborating with
each other to plan a more integrated curriculum which focuses on different aca-
demic text types in different subjects and at different grade levels (Lorenzo,
2013). Apart from this, we also acknowledge other limitations of this small-scale
project. In particular, the teachers involved in our project were experienced and
dedicated and their students were ‘Band 1’ students, whose academic ability and
English proficiency level were above average. We could perceive more challenges
in helping students with lower English proficiency to develop science literacy,
which would warrant further research.

6.11 Appendix

6.11.1 Transcription Conventions

T1, T2, etc. = Teacher 1, Teacher 2, etc.
S1, S2, etc. = single student
Ss = more than one student
(…) = inaudible utterances
(italics) = words added to make the utterances comprehensible
[ ] = nonverbal actions or author’s comments
___ (at the end of questions) = short pauses indicating blank filling questions
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Chapter 7
Language, Literacy and Science Learning
for English Language Learners: Teacher
Meta Talk Vignettes from a South African
Science Classroom

Audrey Msimanga and Sibel Erduran

Abstract There is considerable research on the role of language in science teach-
ing and learning from contexts in which non-native speakers of English are taught
science by teachers who are either native speakers of or proficient in English as
the language of learning and teaching (LOLT). In many South African classrooms,
students who are non-native speakers of English are taught in English, by teachers
who are also non-native speakers. Furthermore, many students and teachers in
these classrooms speak more than one local language, such that English is their
third or subsequent language. Thus, most South African students are English addi-
tional language learners (EALs) as opposed to being English second language
learners (ESLs). Many South African classrooms are therefore multilingual by
nature. Yet, very little is known about the pedagogic demands of teaching science
to EALs. Research on EALs experiences in science lessons in the South African
context has potential not only to contribute to the broader literature on EAL teach-
ing but also to inform teacher education on how to prepare teachers for these
environments. Meta talk is one of the teaching strategies that may help facilitate
EALs involvement in the lesson as well as promote deep engagement with con-
tent. The chapter discusses some vignettes from whole class discussions observed
in a multilingual science classroom showing how one South African teacher uses
meta talk to get his learners to engage with science concepts.
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7.1 Introduction

There is considerable research on the role of language in science teaching in which
non-native speakers of the language of learning and teaching (LOLT) are taught
science by teachers who are native speakers of the LOLT. Examples include migrant
students in the USA and Spain, taught by native speakers of English or Spanish. The
situation is different for most South African students. Although the Language-in-
Education-Policy (Department of Education, 1997) allows schools to choose any of
the nine official local languages as the LOLT, most schools choose English, even in
situations where neither the students nor the teachers are proficient in English
(Probyn, 2006; Setati & Adler, 2000). Thus, most South African students who are
not proficient in English are taught in English by teachers who are themselves not
first speakers of the English language. The situation is complicated particularly in the
Gauteng province of South Africa. Gauteng is the most highly urbanised province
experiencing high levels of immigration both from other provinces and from outside
South Africa. Thus, many students and teachers speak more than one local language,
such that English is not their second language (as would be the case for their counter-
parts in some international studies), but it is their third or subsequent language. In
other words, many South African students are not English second language learners,
ESLs but English Additional Language Learners or EALs (Department of Basic
Education, 2011; Janks, 2010). Thus, while there are common concerns about lan-
guage in science teaching and learning in South Africa as in other countries, there are
some contextual complexities that play out in a unique way in South African science
classrooms. In addition to language, an important factor is the differential access to
science that persists as a legacy of the apartheid era. More than 20 years after the
establishment of democracy, performance in science and mathematics continues to
follow racial lines (see e.g. Carnoy, Chilisa, & Chisholm, 2012; Howie, Scherman, &
Venter, 2008; Mji & Makgato, 2006). Most EALs, in the poorer township and rural
schools continue to underachieve in mathematics and science. They are, therefore,
still excluded from entry into science programmes in tertiary education and from tak-
ing up science-related careers. Despite this being the case, only a few South African
teacher education programmes specifically prepare teachers to teach science to EALs.

This chapter reports on findings from a project that worked with both practising
and new teachers to identify teaching strategies which create opportunities for learn-
ing science for EALs. We focus on one such strategy, ‘teacher meta talk’. We
consider teacher meta talk as a teaching strategy with potential to facilitate student
involvement in the lesson as well as promote deep engagement with science
concepts. The broader data set that form the basis of the analysis came from three tea-
chers’ classrooms, but in this chapter we use excerpts from one teacher’s lessons. We
show how he used meta talk to mediate student participation in class activities and to
foster meaning-making during whole class discussions. The results are discussed
within the context of learner involvement, conceptual engagement and understanding
of science concepts. We discuss the implications for teacher education in South
Africa as well as teacher professional development in general.
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7.2 Theoretical Framework

We take a socio-cultural approach in framing teaching and learning of science in
the classroom. The role of social interaction, particularly language and talk, in
socio-cultural theories of learning has taken centre stage in research on science
classroom discourse globally over the past few decades (see e.g. Lemke, 1990;
Mercer, Wegerif, & Dawes, 1999; Vygotsky, 1978). Recognition of the role of
social mediation, particularly in the learning of science is important in shifting views
and understandings of the nature of science, not as a ready-made body of knowledge
for transmission to learners but as a messy, socially constructed, value-laden enter-
prise which must be engaged with in order to be understood (Erduran & Dagher,
2014). Talk is an important cultural and psychological tool in the mediation of this
construction of both shared and individual understandings of science knowledge.
Teachers who take this view of learning then adopt socio-cultural approaches to
pedagogy (Gibbons, 2007). For EALs such approaches can serve dual purposes:
fostering understanding of science knowledge while facilitating language develop-
ment. As Gibbons says, there are implications for classroom practice. Teachers have
to be able to orchestrate classroom interaction in specific ways that achieve these
dual goals of classroom discourse.

This chapter reports on how one teacher used meta talk as a tool in the social
space of classroom discussion to mediate meaning-making for learners engaging
in a language in which they are not proficient. We consider teacher meta talk as a
teaching strategy with potential to facilitate EAL student involvement in the lesson
as well as to promote engagement with science concepts.

Meta talk seems to have its origins in language education where it was initially
defined within the broad frame of meta language. For instance, Schiffrin (1980)
made the following statement about meta language:

Because human language can be used to talk about virtually anything, individuals conver-
sing with one another have available an infinite number of topics about which they can
talk. One topic is talk itself … many conversations allow talk to emerge as a subtopic
within ongoing talk about something else. (p. 199)

According to Schiffrin, therefore, meta language is the use of language to focus
on talk as a topic. As she later put it, ‘Language can be used to talk about itself, that
is, it can serve as its own meta-language’ in ‘talk about talk’ (p. 200). Schiffrin’s
proposed framework for analysing conversations placed focus of the analysis at
three different aspects of talk. The focus could be on the code or how the interlocu-
tors talk about language. Focus could also be placed on the speakers themselves and
how they talk about their own and the other speakers talk. Finally, analysis could
focus on the messages that are being relayed about language or talk. She noted,
however, that oral messages seldom serve a single purpose, but that they are multi-
functional. They can serve a meta lingual function as well as a communication func-
tion, to prevent a breakdown in communication or to enlist the other’s participation.
The latter assertion is important for analysis of classroom talk as we propose to use
this framework in this chapter. In the complex interaction between a science teacher
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and his students the main focus (at least consciously) is the science content under
consideration. The tendency, therefore, is for both teacher and students to focus on
the science content and not the ways in which they talk about their own talk or their
own thinking unless probed to do so. Thus, it is important to make teachers aware
of the ways to make language visible in the science classroom.

Reporting on work in a different context, Faerch (1985, p. 185) used the
concept of meta language to analyse communication in foreign language (FL)
classrooms. He defined, ‘those portions of … lessons in which teacher and student
focus on the linguistic code rather than on content. I refer to such phases of dis-
course as meta talk’. Faerch distinguished between meta transactions, the parts of
discussion that focused on the FL code, and content transactions, which focused
on non-linguistic content. He argued that meta talk can take place in both types of
transactions. Meta talk in a science lesson may be expected to take one or both of
these two forms: talk focusing on the language of science as opposed to talk about
the English language as the LOLT or the language in which the discussion
happens. The language of science is not immediately explicit, even to native
speakers of English, as the LOLT. And yet most science classroom discourse in
South Africa and the rest of the world tends to be dominated by content transac-
tions and hardly any meta transactions. Content transactions, in this case, would
be discourses in which the teacher’s focus is on the science content. Meta transac-
tions are more debateable in a science classroom. They could include any parts of
the discourse in which the teacher focuses student attention on the ‘code’ or the
language, whether the language of science or the language in which science is
being discussed, the LOLT. However, these are rare in South African science
classrooms where teacher talk tends to dominate and interaction is more authorita-
tive focussing on disciplinary knowledge (Webb, 2010). As Faerch (1985) argues,
meta talk can be a good indicator of teaching methodology and of the views that
teachers hold about learning. Teachers could adopt one of two possible positions:

The ideal of this natural approach is that meta talk in the classroom should be reduced to
a minimum and that grammar rules belong to grammar books, to be studied out of
(science) class. A diametrically opposite view of the role of meta talk is that it constitutes
an essential part of FL classroom discourse …. Teachers of this opinion, or teaching
Within a context where they need to acknowledge this, will typically either reserve part of
the lesson for meta talk and practice, or they will introduce meta talk whenever content
provides a clue to do so. (Faerch, 1985, p. 185)

Of course the quotation above refers to language teaching where, as Faerch
observes, ‘metalinguistic and metacommunicative knowledge is one of the expli-
citly formulated goals’ (p. 200). However, the same could be argued of science
classroom discourse. The focus of any science classroom discussion is to afford
access to science concepts, the language of science and the requisite scientific
communication skills, all of which can happen together or at different times in the
same lesson or across a range of lessons. Where this discussion takes place in a
language in which the student is not proficient, opportunities must be created for
access to the LOLT at the same time. Thus, for EALs meta talk would have even
greater potential to support learning. This places an added burden on the teacher
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who must, therefore, be aware of its potential and be able to model it and generate
awareness among his/her students. Moate (2010) argues that meta talk is the expli-
cit awareness of talk as a tool and that as a skill such talk can be practiced and
honed. It is, therefore, important for teacher education and teacher professional
development to understand teacher meta talk as an important pedagogical tool in
both content and meta transactions in EALs science classrooms. For our data
analysis we adopted Faerch’s approach, identifying meta talk as any part of the
discussion that focuses on language. We looked at meta talk about the technical
language of science as well as about the LOLT.

We analysed transcripts of some classroom discussions to determine how
teacher communication in the form of meta talk mediates student engagement with
science. First, we identified incidences of teacher meta talk and then determine its
explicit or implicit role in shaping, selecting or marking student ideas. In addition
to this focus on engagement we also identified other functions of meta talk such as
classroom management and affective functions as identified by Moate (2011) with
Finnish teachers and students.

Our interest was in how the teacher talked about how he was talking about
science and the activities under discussion as well as in how he engaged in talking
about their ideas and their thinking about the content under discussion. In order to
understand the nature and role of teacher meta talk in our sample, we drew on a
number of sources both from language education and science education. We refer
to the work of Yore and Treagust (2006) as well as Rincke (Rincke, 2011) on
language in the science classroom. Rincke proposes three languages of science
classrooms: the home language, the language of instruction and the language of
science, and argues that research on second language learning is useful in under-
standing how ESLs or EALs might transition between the languages of the science
classroom. According to Rincke, learning specific phrases is more beneficial for
ESLs in acquisition of the target language than memorisation of single words. She
argues that these specific or ‘automated phrases’ have linguistic environment. For
example, it is useful for ESLs (and EALs) when learning the words ‘decision’ and
‘conclusion’ to understand that one ‘takes or makes’ a decision and ‘arrives’ at a
conclusion. Teachers, therefore, need to ‘model scientific language by explaining to
students how they themselves are combining terms together in sentences’ (Rincke,
2011, p. 235). Teachers are not always given the training and preparation required
to be able to do what Rincke suggests for ESLs, much less so South African science
teachers. In fact many science teachers would be trained to focus on the subject and
its teaching, rather than issues related to language. Yet for ESLs and EALs, the sub-
ject and the language that is conveying the subject cannot be separated. Meta talk
has the potential to address the gap in teachers’ understanding of language issues
related to EALs. Meta talk can be used to mediate learning of content as well as to
develop the linguistic proficiency that students require in order to engage effectively
in classroom discussion and/or science communication outside of the classroom.
Also, meta talk provides a lens for understanding how teachers who are themselves
non-native speakers of English consciously or unconsciously mediate engagement
with science concepts for EALs.
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7.3 Methodology

As part of a bigger intervention at high school level in the Gauteng province of
South Africa, we observed interactions between teachers and their students in
Grades 10–12 (age 16–18) science classrooms. The data reported on in this
chapter were collected 3 years into the project, following teacher participation in
several workshops and group discussions at which they were exposed to con-
structivist approaches to pedagogy. The teachers were recruited on a voluntary
basis. Their students were invited to participate and then presented with informa-
tion sheets about the project after which their informed consent was obtained.
Since some of them were minors (below 18) their parents/guardians’ consent
was also sought. For this project all the students consented to audio and video
recording.

Argumentation was selected as the key teaching strategy for the project and the
teachers were introduced to the strategy during the workshops. Argumentation
involves the justification of claims with evidence. It is a process that underpins
scientific reasoning because of the centrality of evidence to science. A great deal
of research has been carried out about the role of argumentation in science educa-
tion in recent years (Erduran, Ozdem, & Park, 2015). The researchers co-taught
some lessons in the first year of the project to demonstrate the use of argumenta-
tion in whole class teaching and for small group discussions. This was in line with
research findings that teachers do need to be taught argumentation skills before
they can confidently use the strategy in their own teaching (see e.g. Erduran &
Jimenez-Aleixandre, 2007; Simon, Erduran, & Osborne, 2006). In order to contex-
tualise argumentation and its potential for promoting student involvement and
inquiry, teachers were made aware of the various discourse types that are possible
in a science classroom. Types of variations involve different combinations of talk
based on initiation, response, evaluation which can appear in different permutations.
In a science lesson, different variations can be used depending on the purpose of the
lesson and goals that the teacher has at a particular point in the lesson. We discussed
the more traditional Initiation-Response-Evaluation/Feedback (IRE/F) triads
(Mehan, 1979) and explained how most teaching in South African classrooms still
tends to follow this teacher-centred closed form in which the teacher initiates inter-
action and a learner responds, to which the teacher provides some feedback before
proceeding to initiate the next interaction triad. We then introduced the teachers to
the more dialogic discourses such as Mortimer and Scotts’ (2003) extended
IRPRPE and IRPRRR chains (where P denotes prompting) which open up for more
elaborate student contributions. In the extended chains, the teacher initiates the inter-
action but allows students to interact with each other by questioning or supporting
or extending and explaining their peers’ contributions, thus creating chains of inter-
action. The role of teacher questioning techniques in shaping these forms of engage-
ment was discussed. Some of these techniques were modelled in the participating
teachers’ classrooms during co-teaching sessions. Teacher-researcher reflection ses-
sions were conducted after selected lessons.
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Each of the teachers worked differently with the strategies that were introduced
during the intervention and produced various hybrid forms of argumentation-
based teaching. They applied different argumentation skills into their classroom
discussion as well as their questioning techniques, such as evaluating evidence
and drawing conclusions from evidence. In the case of Mr McFar’s lessons, the
interaction manifested as meta talk and we wanted to understand the nature and
role of meta talk in his lessons.

Data were collected in the form of audio and video recordings of the lessons. The
lessons were a mix of teacher-centred exposition and learner discussion, and engage-
ment with definitions of elements, compounds and mixtures. In other words, some-
times the conceptual knowledge was being developed through discussion themselves
while at other times, the teacher mediated the introduction of the concepts’. The
recordings were transcribed and the transcripts analysed for teacher meta talk. In this
chapter we discuss a form of teacher–student interaction that emerged in one of the tea-
chers’ lessons. We have changed his name to Mr McFar. All the names of the student
participants in the excerpts have also been changed and pseudonyms are used.

7.4 Results

Mr McFar used meta talk quite frequently in his lessons. He used the strategy to
mediate student meaning-making during whole class discussion. He explained
what he was doing or saying and what he was asking his learners to do or say and
why. He used meta talk to make explicit the connections between concepts
and ideas. He did this by asking probing and open-ended questions about what the
students were saying and why they said it. We did not see this use of meta talk in
the other teachers’ classrooms in the project.

The excerpt below illustrates how Mr McFar showed links between concepts
through meta talk. In this episode the class was trying to determine whether
momentum was a scalar or vector quantity:

Teacher: according to eh Kelvin’s definition momentum, that it can be regarded as a mea-
sure of the product of the mass and the velocity. Now think about mass in terms of the
quantity … can we regard mass as a vector quantity or is it a scalar quantity?

Students: vector … scalar … scalar … vector

Teacher: now I will say that again think about it carefully

Students: (all talking at the same time)

Teacher: think about mass how do we regard mass because he has used the words mass
and velocity

Len: scalar

Teacher: why?

Len: because yah the mass is got size
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Langa: yah it does …

Melo: mass is got size

Teacher: so why am I asking this? Because one of the biggest problems that we experience
is that most of us cannot distinguish between this and that (underlining vector and scalar). So
let’s just refresh quickly. Len you said this is scalar and why are you saying this is scalar?

Sindi: because it has size …

Teacher: thank you very much so we only have size which can be also be referred
to as …?

Kelvin: magnitude

Teacher: magnitude. So here (pointing at the word ‘mass’) we have size or magnitude

Sipho: no direction.

In the opening turn the teacher reiterated Kelvin’s definition of momentum and
then to provide the class with a cue to think through the question he asked them
to ‘think about mass in terms of the quantity can we regard mass as a vector
quantity …?’ The class chorused variable answers to which he told the learners to
‘think about it carefully’. When Len says that mass is a scalar quantity (Line 10)
the teacher asks ‘Why?’ thus creating an opportunity not only for Len to justify
his answer, but also for the rest of the class to think through the various answers
they had chorused earlier in Line 5. In response, Len provides justification for his
answer drawing from the scientific evidence that mass has size. In Line 15 the
teacher then engages in meta talk about his reasons for the probing, ‘so why am I
asking this?’ In so doing the teacher helps learners recall information from past
lessons and from earlier grades that relates to the current lesson. The teacher’s
question at the close of the turn (Lines 18–19) and what the teacher did with the
answer in Lines 21–22 indicates a shift in teaching purpose as he cues the learners
to introduce a more ‘scientific’ term for size (magnitude). The episode closes with
an unsolicited contribution from Sipho in Line 26, providing support for the argu-
ment that mass is a scalar quantity since it only has magnitude and ‘no direction’.
This could be construed as an indication that Sipho has reached an understanding
of the difference between vector and scalar quantities. For a non-speaker of
English, it is important to point out the substitution of magnitude for size as the
similarity in meaning of the two words may not be obvious and learners need to
be made awareness of the specific use of one (and not the other) in science.

The next excerpt comes from a chemistry lesson, an introduction to properties
of compounds. Here again, we see Mr McFar making the links between current
and previous coverage of similar content explicit:

Teacher: They are elements what else? They are elements, they are gases what else do
you know about hydrogen and oxygen? So we are using the terms now elements we are
using the term gases we are using what else? If you think about hydrogen … Tebogo?

Tebogo: I would say Sir, compound

Teacher: Now you are using another word. We are saying we know what is an element
(teacher writing words on the board) we know what is a compound a chemical
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compound.… Now just briefly is there anyone in this class who can refresh our memory
with regard to an element? What do you understand by the word element? Simphiwe?

Simphiwe: A substance that cannot be broken up into smaller particles

Teacher: He says a substance that cannot be broken up into smaller particles. Remember that
Monday we struggled to find this. Any other person that can tell us the definition of compound?

In the episode above the teacher helps his learners to recall word definitions
and to link to work done in a previous lesson. He draws learners’ attention to
related concepts and principles within and between lessons. By talking explicitly
about how he and the learners were talking about the words and concepts, he
makes clear the progression from simpler to more complex concepts:

Teacher: Right while you are still thinking about a gas I am looking at hydrogen and I am
looking at oxygen can we classify hydrogen or oxygen as a mixture? So I am asking
what is a mixture (writes ‘mixture’)

Sebuka: (shouts) adding … adding

Teacher: Sebuka? (addressing learner who is shouting)

Sebuka: adding different things

Teacher: different chemical substances put together

Class: Yes

Teacher: That is a mixture. So how does a mixture differ from a compound? If there is a
difference. Siviwe?

Siviwe: In a compound elements are in fixed proportions while a mixture is different …

Teacher: Please listen to that. A compound (writing on the board) has fixed and the
word he uses is pro …?

Siviwe: [… portions]

Teacher: [… portions] And a mixture? It doesn’t have a specific ratio isn’t it so? Now
why am I doing this again? because I’m gonna come back to a molecule but our aim
for and our objective for today is to look at how Magnesium will react with … air. What
chemical in air?

In turn 59 at the beginning of the episode the teacher uses meta talk to explain
a question. After asking the learners if hydrogen or oxygen gases could be
regarded as mixtures, he elaborates ‘So I am asking what is a mixture?’ The pre-
vious episode closed with a reminder about Monday’s struggle to define an element.
The teacher here brings to contrast an element and a mixture by referring to oxygen
and hydrogen and then in meta talk explains what the actual question is.

Later in this lesson, Mr McFar used a practical demonstration to show the reac-
tion of magnesium with oxygen. He had a few learners upfront to help ignite the
magnesium strip and this led to the following discussion:

Class: Oh oohh aah (as magnesium ribbon ignites)

Teacher: Right there we are. Please don’t shake it just turn your hand around a little bit. I
want you all to have a look at it. This is … I don’t want to use the word. But this is
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something that was formed after magnesium and oxygen have reacted (laugh) I can’t use
the other word for now. So please look at this colour and write it down as well. So this
becomes that word that I want, a (pause) of magnesium and oxygen

Smitherson: what is that word? mixture of ingredients?

Teacher: Ok, I am not gonna waste time I am gonna tell you. It is the product of, product
of. So now I already have this part of the word. When magnesium and oxygen react we
get a product. So the right hand side of the chemical equation is called the product or pro-
ducts. Now what do we call the left hand side? If that (pointing to right side of equation)
gives us the product what will cause us to have a product?

Smitherson: mixture

Neliswa: ingredients

Dana: (inaudible)

Teacher: he says a …? say that again Dana

Dana: reactant

Teacher: Right. So we are saying these are the substances that reacted to form a product.
Reactants plural form.

Amidst the learners oohs and aahs at the bright flame of the burning magne-
sium ribbon, Mr McFar shifted the discourse to commence development of the
scientific story linking what they had just seen with the previous discussion and
moving on to the focus of the day’s lesson, properties of compounds. The episode
starts with a teacher utterance in which he uses meta talk several times. He was
targeting a specific word to describe the outcome of the chemical reaction, ‘…
This is … I don’t want to use the word … I can’t use another word for now. …
So this becomes that word that I want of magnesium and oxygen’. He wanted to
get the learners to come up with the word ‘product’ by getting them to think of a
word that describes the outcome of the reaction. When the learners failed to come
up with the word, he volunteered the answer so as not to ‘waste time’. This was a
common statement in Mr McFar’s lessons. He would give the learners a chance to
come up with the answer, always providing clues. Occasionally he would cut the
interaction short and provide the answer so as ‘not to waste time’. When asked
about this in the reflection discussions he explained that while he wants to help
his learners think for themselves and practice talking in class, he was also mindful
of the curricular requirements and the strict timelines in which he had to cover the
prescribed content. This is a common tension for many South African teachers.
Recent research findings show that while teachers are eager to take up and use
teaching strategies that have been shown to promote science learning for EALs,
they often have to make pragmatic decisions in the interest of time and meeting
deadlines (Mji & Makgato, 2006; Msimanga & Lelliott, 2012; Probyn, 2009).

The next excerpt is from a discussion towards the end of the lesson. This
excerpt illustrates how Mr McFar again used meta talk to mediate different forms
of link-making. Scott and colleagues recognised three ways in which a teacher can
help learners make connections between concepts and across topics or lessons.
They identified link-making for knowledge building, in which a teacher makes
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explicit the connections between concepts; link-making for continuity, which
shows how different parts of the lesson or different lessons build on each to
develop concepts and ideas; as well as link-making for emotional engagement,
which is a way in which the teacher can appeal to student interest and emotional
engagement to facilitate science learning (Scott, Mortimer, & Ametller, 2011).
Mr McFar seemed to draw on all three forms of link-making.

Earlier in this lesson as he took the class through recall of definitions of the
terms molecule, element, mixture and compound, he asked ‘Why am I doing this
again? Because I’m gonna come back to the molecule later. …’ In the next excerpt
we show how he makes the links to that earlier conversation. The class was now
discussing an equation, Mg + O2 → MgO2, which Kgotso and Zama’s group had
put up on the board for the combustion of magnesium in air:

Class: (chorus answer) mg mg mg

Teacher: Right so the symbol for magnesium is Mg (points to the expression)

Thabisile: plus O-2

Teacher: what are you saying Thabisile? Say that again

Thabisile: (silent)

Teacher: hah? Why are we writing it as O-2 and not as O? Why are we writing it as
O-2 and not as O?

Kgotso: oxygen is diatomic

Teacher: Thank you very much.… So oxygen is a diatomic molecule. Is there anyone
else that will explain to us what we mean by the term diatomic? Remember I said when
I started that I will come back to the specific definition a specific term. What does
di-mean? Kabelo? Lerato? Melo? Bongani?

Bongani: Two

Teacher: Thank you. So, Kgotso wrote this (expression) down for Magnesium.

The episode above illustrates the teacher’s use of meta talk to link the current
discussion to earlier ones in the same lesson. Again, the teacher used probing
questioning to open up the discussion, resulting in an interesting discourse type in
the form of Mortimer and Scott’s (I)RRPRPRE closed chains. Mr McFar and the
class were now reviewing the equation that Kgotso and Zama had put up on the
board. The teacher had initiated the conversation by asking what the symbol for
magnesium was, to which the class now responded in chorus ‘mg mg’. However,
before he could continue Thabisile made a (unsolicited) contribution, calling out
‘Plus O-2’. This was an unsolicited learner contribution but appropriately pre-
sented as the next term in the equation that they were constructing. The teacher
followed this up with a meta talk utterance that seems to have two of Schiffrin’s
(1980) focus points. There appears to be a focus on the message of Thabisile’s
utterance of turn 179 as the teacher asks what seems to be a clarification question,
‘what are you saying Thabisile? Say that again’. However, the rephrased question
in turn 182 shows that he was actually focusing on the content of the utterance,
probing Thabisile’s reasoning. Thabisile’s reaction, in turn 181 is interesting.
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Her reluctance to repeat her answer seems to suggest that she may have interpreted
the teacher’s response in turn 180 as negative evaluative feedback, that her answer
was incorrect. However, from the teacher’s follow up in turn 182 it becomes clear
that he was genuinely probing for Thabisile’s understanding of ‘O-2’ as she put it.
Since the discussion was about molecules, the teacher may have wanted to
confirm that she and her peers understood the difference between the molecule of
oxygen, O2 and its atom, O. This seems to be confirmed in the way the teacher
responds to Kgotso’s answer that oxygen is diatomic (turn 183). The teacher
thanks Kgotso (turn 184) and repeats his answer, thereby affirming his contribu-
tion and marking his answer as correct and probably important. Thanking Kgotso
for clarifying Thabisile’s answer could be seen as creating a safe space for the two
learners, link-making for emotional engagement according to Scott et al. (2011).
We see this again in turn 186.

In turn 184, the teacher then uses meta talk to link this episode to an earlier one
where he had said that he would come back to the definitions later in the lesson,
‘Remember I said when I started that I will come back to the specific definition a
specific term’ (turn 184). This was link-making for continuity, showing the lear-
ners how this part of the lesson links to the beginning. Meanwhile he was also
mediating for the learners another way of making connections, link-making for
knowledge building (Scott et al., 2011). He was demonstrating how the concepts
are linked. He had raised the questions in turns 180, ‘What are you saying
Thabisile?’ and 182, ‘Why are we writing it as O-2 and not as O?’ to check under-
standing of the concept of molecules (O2 vs. O). In the rest of the episode he ques-
tioned, probed and provided cues for learners to be able to distinguish between a
diatomic molecule and its atomic (element) form.

Often in reflection meetings Mr McFar would refer to the importance of making
links between lesson episodes and between lessons explicit, especially for ESLs. He
also sometimes told his learners this. For instance, at the beginning of this lesson on
momentum, he said to the class ‘now I said I said to them (referring to the project
team) that my introduction will be on types of collisions but when I got here I rea-
lised something else. So I just changed my introduction to check if people still
remember these concepts and to show you how these things are all related from the
last lesson to today’s lesson. Now I need to go back to my plan and that’s where we
are starting and we go forward’. This was common in Mr McFar’s interaction with
his class, explaining why he was doing or saying something at the time.

7.5 Discussion

The potential of meta talk as a teaching strategy for EALs seems to be threefold:
making explicit the purpose of various forms of classroom talk; making connec-
tions between different sections of the same lessons and/or previous lessons or
grades; and explaining or calling attention to important terms, thus, mediating con-
ceptual engagement. In Mr McFar’s case meta talk sometimes took the form of
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questions such as, ‘So why am I asking this?’ or ‘So why am I doing this?’ and
thus foregrounding important content or skills required of students. To mediate
link-making or to make connections he used statements like, ‘I will come back to
it’ and when he did, ‘I said I will come back to it …’ Finally, Mr McFar used
meta talk to alert students to important terms, ‘So we are using the term …, we
are using the term …’ or ‘Now you are using another word …’. Meta talk some-
times works, sometimes not. At times Mr McFar was able to establish a rich dialo-
gic discourse, while at others talk tended to remain closed and teacher centred in
spite of the use of meta talk to help open up talk. However, overall the use of
meta talk may still be helpful in addressing the language problem for those
teachers who do not believe in use of home language, but are happy to scaffold
student struggles with learning in a language they are not proficient in.

Learning and teaching science through a non-native language is a challenge for
teachers and learners. It places demands on teachers to think about language. Meta
talk can help teachers address EALs difficulties in science classrooms. While we
acknowledge that meta talk as a strategy would benefit all science learners,
whether native speakers of English or EALs, we argue that as teachers’ skills in
managing meta talk in the lessons improve, they become better equipped in deal-
ing with EAL-related difficulties as well.

In this chapter we have demonstrated teacher use of meta talk in a South African
high school science classroom for purposes other than classroom management.
Mr McFar used meta talk to show conceptual connections and to point learners to
continuities between concepts and within the lesson. He successfully used meta talk
to mediate conceptual understanding for his learners. We illustrated meta talk within
Faerch’s (1985) teacher-student content transactions and demonstrated its potential
as a teaching strategy to enhance learning of science by EALs. Teacher education
can draw on these findings to plan programmes that can empower teachers for effec-
tive science teaching to EALs in South Africa and elsewhere. Further research is
also required to provide empirical evidence of the effectiveness of the strategy and
to demonstrate the learning gains for the EALs.
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Chapter 8
The Content-Language Tension for English
Language Learners in Two Secondary
Science Classrooms

Jason S. Wu, Felicia Moore Mensah and Kok-Sing Tang

Abstract Investigating the use of native languages (L1) in secondary science
remains an unaddressed need in global scientific literacy. While past research in
this area has largely focused on primary school students, more clarity is needed on
the role of secondary school students’ L1 use in the classroom as the language of
science becomes more specialized at a higher level. This chapter details two stu-
dies investigating L1 use in secondary science classrooms in New York and
Singapore. The study employs qualitative and quantitative methods, including sur-
veys, interviews, observation, and audio recording of student discourse. We find
that the L1 can be used for learning scientific content, but is seen by some students
as a hindrance to the acquisition of the majority language. This is seen when com-
paring in-class native language use and data from surveys and interviews. We pro-
pose that this reflects a content-language tension that exists in many linguistically
diverse science classrooms. This tension highlights competing goals of content
learning and acquisition of the majority language. We conclude with a discussion
of implications for addressing scientific literacy on a global scale.
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8.1 Introduction

Addressing global needs in scientific literacy would not be complete without con-
sidering the rapidly growing population of second language learners, in this case
English language learners (ELLs), in science classrooms. Such students often fall
behind when facing the dual burdens of content learning and language acquisition.
Improving scientific literacy for ELLs is thus imperative for both equitable science
education and ultimately for future economic and technological success and perso-
nal needs. For example, one area that remains unaddressed is students’ use of their
native languages (L1) in secondary science learning. Although secondary students
often use their L1 in the classroom, there has been little characterization of it and
little consensus on how it influences their learning of science. In this chapter, we
provide a review of literature and theoretical framework before presenting findings
from two studies conducted in New York City and Singapore on ELLs learning
science. We highlight key findings before discussing the implications of the
content-language tension in the ELL science classrooms. In light of our discus-
sion, we conclude with recommendations for supporting the development of scien-
tific literacy amongst second language learners in science classrooms.

8.2 Literature Review

Large-scale reviews on the science education for ELLs highlight a need for further
research on student L1 use in secondary science (Janzen, 2008; Lee, 2005;
Rollnick, 2000). These reviews generally conclude that the L1 can be used to sup-
port learning conceptual information in the science classroom. However, we find
that empirical research specifically investigating this is generally lacking.
Unfortunately, most research in bilingual education has focused on elementary stu-
dents, largely ignoring the experiences of older bilinguals in secondary science
(August & Hakuta, 1997; Christian, 2001; Janzen, 2008; Ruiz-de-Velasco & Fix,
2000). The research that does exist comes from a variety of fields, owing to the
interdisciplinary nature of the issue.

A consistent finding throughout the literature is the need to provide spaces in
which different discourses could come together in the science classroom (Janzen,
2008; Lee, 2005; Rosebery, Warren, & Conant, 1992). For example, Moje,
Collazo, Carrillo, and Marx (2001) find that students’ various discourses, that of
the home and the science classroom, compete and conflict with one another in the
classroom. They argue for third spaces which allow for the synthesis of students’
various discourses. One form of this is known as translanguaging, which is the
fluid use of multiple linguistic resources in the classroom (Creese & Blackledge,
2010; García & Wei, 2014). Translanguaging as a paradigm eschews language
separation and embraces the fluid use of all available linguistic resources for learn-
ing. This is based on the premise of knowledge and skill transfer between the first
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and second language (Cummins, 1979). Using analysis of student–teacher interac-
tion, Lin and Wu (2014) suggest that translanguaging can be an essential tool to
support learning in the science classroom. Other researchers offer home language
support as a strategy for the integration of science and English proficiency, and
there is large support for promoting language development through inquiry-based
learning and enacting scientific practice (Lee & Buxton, 2013; Lee, Quinn, &
Valdes, 2013). A central premise to this approach is that students can develop lan-
guage through use in authentic scientific contexts provided by inquiry instruction,
rather than rote instruction.

An alternative approach that has been advocated to address the disconnect
between the home language and the language of science is the explicit instruction
of scientific English (Snow, 2008). This approach has likely been bolstered by
research characterizing scientific English (Snow, 2010; Wong Fillmore & Snow,
2000) and studies finding English proficiency to be well-correlated with science
content achievement (Lee, Penfield, & Buxton, 2011; Maerten-Rivera, Myers,
Lee, & Penfield, 2010; Torres & Zeidler, 2002). However, standardized science
exams have intrinsic linguistic demands that reflect more than just content under-
standing (Butler, Stevens, & Castellon, 2007; Kieffer, Lesaux, Rivera, & Francis,
2009; Noble et al., 2012). Correlations between English proficiency and exam per-
formance support the conclusion that language is a primary barrier in assessing
content knowledge, but not necessarily in learning content knowledge. Anstrom et al.
(2010) note that researchers are still divided on whether using scientific English is a
prerequisite for learning scientific content.

Lee, Quinn, and Valdes (2013) suggest that a focus on language skills origi-
nated from content-based language instruction (CBLI), where academic subject
matter such as history or science is used as a medium for language instruction
(Met, 1991; Scarcella, 2003). CBLI later evolved into sheltered instruction (SI)
models, which sought to equip content-area teachers with language acquisition
strategies to simultaneously target language and content-area objectives
(Echevarria, Short, & Powers, 2006). It is important to note that while SI focuses
on making content comprehensible, L1 use is usually discouraged in program
design, except in programs for ELLs with little to no English proficiency
(Genesee, 1999). This likely reflects the desire to facilitate transition to English
and reduce dependence on L1 use. There have been some instances where such
practices have led to an overemphasis in language instruction (Bruna, Vann, &
Escudero, 2007). Lee and colleagues describe this as placing emphasis on “the
study and practice of language elements rather than on immersion in rich environ-
ments that use language for sense making” (2013, p. 231).

Moreover, there is evidence suggesting that a strong emphasis on language
instruction may at times hinder learning scientific content. Take for example a
sizeable study of 440 students conducted by Echevarria and colleagues (2006),
which evaluated the impact of an SI model on student outcomes as measured by
an expository academic writing task. While measures of academic writing ability
improved, the domain relying on content mastery (support or elaboration)
showed no significant improvement when compared with control (Echevarria
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et al., 2006). These results suggest that students receiving SI may benefit in the
language domain but miss out on deeper conceptual understandings. The rela-
tionship between the content and language domains, then, becomes a key issue
for second language learners. In most instances, acquiring the language of
science in the majority language is seen as a primary goal. Although use of the
L1 may support content learning, it may be seen as hindering acquisition of the
majority language.

There is some research which supports that learning scientific content provides
a conceptual basis for the acquisition of scientific English. For instance, Brown
and Ryoo (2008) found that using vernacular language to develop everyday under-
standings of scientific content resulted in a significant improvement on multiple
choice and open-ended response questions. Other empirical research disaggregat-
ing content and language is scarce. Some studies have attempted to investigate the
effects of L1 use in the classroom either amongst students or during instruction
(Kearsey & Turner, 1999; Reinhard, 1996; Tobin & McRobbie, 1996), but these
did not effectively isolate the interactions of native language (L1) use and content
understanding. Overall, more empirical research is needed, prompting the motiva-
tion for this study.

8.3 Theoretical Framework

The theoretical framework for this research study is largely attributed to Cummins
(1980), who posited a common underlying proficiency for bilingual students. This
assumes that first and second languages are interdependent, and that academic
skills and knowledge are transferrable across those languages. Cummins (1979)
was first to draw on the distinction between cognitive academic language profi-
ciency (CALP) and basic interpersonal communicative skills (BICS). He observed
that although second language students could develop oral communicative fluency
relatively quickly, many still struggled with the linguistic demands of academic
content areas. This contrast was used to highlight the need for native language
instruction while transitioning students develop their L2 CALP (Collier, 1987;
Cummins, 1979, 1981; Hakuta, Butler, & Witt, 2000). Assumptions about lan-
guage transfer, interdependence, and CALP provide the starting point for the ana-
lysis of relationships between language use, science achievement, and the
development of content understanding and language acquisition.

8.4 Methodology

We conducted studies examining L1 use in science classrooms in New York City
and Singapore. Although distinct in many ways, the two settings share characteristics
that are common to many science classrooms with ELLs. Both countries have a
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heterogeneous population and adopt English as the official language and the lan-
guage of instruction. At both school sites, there are large immigrant communities
that speak a common L1 and acquiring English is a primary goal among the stu-
dents. These similarities allow us to identify common trends that may be found in a
wide spectrum of second language science classrooms. The primary research ques-
tion guiding both studies was “How is the L1 used in the secondary science
classroom?”

8.4.1 New York City

In New York City, data collection was performed in a public high school designed
for students who have recently arrived to the United States and have low English
proficiency. The science class under investigation was comprised of 19 students,
ranging from 14 to 18 years of age, five of whom were female. Spanish was
the dominant L1, although Arabic and French were also spoken amongst a few of
the students.

The class was equivalent to a 9th grade introductory biology course.
Employing a sheltered approach, instruction was primarily in English, but sup-
ported by strategies such as translation and the use of cognates. The instructor was
a native Anglophone with a basic knowledge of Spanish. The course culminated
in a standardized exam given in English that is required for graduation. Of the stu-
dents selected as interview participants, length of residency in the United States
ranged approximately from 3 to 18 months. Many of the students immigrated
from the Dominican Republic, generally with relatively low levels of English pro-
ficiency and science content knowledge.

8.4.2 Singapore

In Singapore, our study took place at a private international school that caters to
international students from various East and Southeast Asian countries who have
moved to Singapore for secondary schooling in order to acquire English and ulti-
mately pursue tertiary education at English-speaking universities. Many of these
students and their parents chose Singapore because of its large Asian population
(predominantly Chinese) and a reputable English-speaking education system. The
classrooms under investigation were three Grade 7 general science classes with a
total of 70 students. Almost all instructions were in English, with Chinese occa-
sionally (less than once per class period) used for clarifying instructions or con-
cepts. The instructor was a native Chinese-Singaporean with only a basic level of
Mandarin Chinese. The predominant L1 was Mandarin Chinese (61%), followed
by Thai (17%). One class of 24 students was selected for qualitative data collec-
tion. The average age was 14, and ages ranged from 13 to 17. The average length
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of residency for these students was 12–24 months and most arrived with relatively
low English proficiency. In all, 89 students from the two settings participated in
the study.

8.4.3 Data Collection and Analysis

Data were collected using focus group interviews, audio recording of student dis-
course, and classroom observation over a 6-week period in both locations. Studies
at both sites received Institutional Review Board approval. Participation was
voluntary and required students’ informed consent. Identifying information and
audio recording data was kept confidential, and names in excerpted data were
replaced with pseudonyms. Survey and interview questions were translated and
explained for clarity, and care was taken to ask questions in non-leading ways.
Teacher and student interviews from New York City and Singapore were con-
ducted using structured interview protocols with questions focusing on L1 use in
the science classroom and the use and acquisition of English. In total, we per-
formed 11 student focus group interviews and four teacher interviews across both
sites. During class, students were purposefully selected based on their in-class use
of Spanish for recording of peer-to-peer discussion during group work (Miles,
Huberman, & Saldaña, 2014).

In Singapore, we also collected achievement and survey data. All 70 students
completed the in-class survey; however, achievement data were available for only
60 students. Mathematics and the English language achievement data were
obtained from entrance exams which students took 1–2 years earlier upon admis-
sion to the school. Science achievement data were based on in-class performance
over the course of the previous semester, including periodic tests and a mid-year
exam. The survey instrument included self-reported measures of language profi-
ciency and comfort level with English, as well as questions about whether or not
using another language besides English helps students’ scientific English or scien-
tific concepts. These were reported as Likert scores based on a 5-point scale.

We analyzed the data collected from New York City and Singapore using stan-
dard qualitative methodology, including iterative coding, triangulation, and mem-
ber checking to identify important themes (Boeije, 2010). Our approach adopted a
phenomenological framework, which allows for key findings to emerge from a
focus on the essence of an observed, lived phenomenon (Creswell, 2013; Wojnar
& Swanson, 2007). Three stages of open, axial, and selective coding generated
salient themes in the data (Boeije, 2010). Codes were assigned in a directed man-
ner (Hsieh, 2005), drawing from the extant literature base and theoretical frame-
work identified earlier. Special attention was paid to addressing potential biases
during all stages of research, including observation, coding, analysis, and presenta-
tion of findings (Armour, Rivaux, & Bell, 2009; Wojnar & Swanson, 2007). Peer
debriefing and conversations amongst the authors assisted in identifying bias and
making stronger interpretations from the data and analysis leading to consensus of
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findings from the study. The findings of the study are presented in the next section
as representative excerpts to highlight language use and the content-language
tension that exists in many linguistically diverse science classrooms.

8.5 Results

The principal research question of the study was how do ELLs use their L1 in a
secondary science classroom? This question was answered by focusing on essen-
tial characteristics of L1 use during qualitative analysis. Thus, to address this ques-
tion, the findings are presented as two separate cases, starting with New York City
and followed by Singapore. At the end, both are discussed together as the findings
pertain to understanding L1 use in science classrooms.

8.5.1 New York City

We found that the L1 was frequently used for direct translation of vocabulary and
content explanations. This is clearly shown in Excerpts 1 and 2, where students
used their L1 in class to discuss photoreceptors and the human body. At the same
time, focus group interviews revealed that these same students had divided opi-
nions regarding L1 use. Some students found it helpful in learning content,
whereas others considered it a hindrance in learning English (see Excerpt 3).
In their disagreement, we see competing goals of content and language learning at
play in the classroom. This is evidenced by the excerpts below.

8.5.1.1 Direct Translation of Vocabulary and Content

Spanish was frequently used during small-group discussion for translation of key
vocabulary and content. In the example below, students are discussing the photo-
receptors of the eye when reviewing a question packet.

Excerpt 1

Miguel: No entendi, que es lo que tengo que hacer aqui? Tengo que comparar?
I don’t understand, what do I have to do here? Do I have to compare?

Juan: Nooo [Emphatic].

?

Qué es un fotoreceptor? Lo que envía la información y las olas
senal al cerebro. Eso es un receptor. Receptor [Emphasizes pronunciation]
No, “What is a photoreceptor?” It’s what sends the information and wave signals to
the brain. That’s a receptor.

Miguel: Oh, un receptor. Por ejemplo … cuando te expliqué lo que era la vista.
(continued)
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(continued)

Oh, a receptor. For example, when I was explaining what vision was.

Leon: Sí.
Yeah.

Miguel: El fotoreceptor es era lo que manda el senal al cerebro, cuando la luz toca el sensor.
The photoreceptor is what sends the signal to the brain, when the light touches the
sensor.

Juan: [Emphasizes pronunciation] Fo-to-re-cep-tor. Pero ahora estamos hablando del
receptor. Esdiferente.
Pho-to-re-cep-tor. But right now we’re talking about the receptor. It’s different.

Leon: Es lo mismo.
It’s the same.

Juan: Es lo mismo, hace lo mismo.
It’s the same. It does the same thing.

Here, Juan clarifies the instructions and gives an explanation at the same time.
It is seen in this first excerpt the L1 is employed to label and explain the scientific
concept of photoreceptor, a direct cognate. Miguel then repeats the explanation
reiterated by Juan. Finally, Juan’s claim that receptor and photoreceptor are differ-
ent is discussed and negotiated amongst the group of three students. This type of
discussion, where students mutually discuss the validity of a scientific idea, has
been described as a central feature of socially constructed scientific knowledge
(Driver, Asoko, Leach, Scott, & Mortimer, 1994). All of this is occurring as the
L1 is being used as the primary language for conceptual understanding.

Excerpt 2

Freyan: Ven vamos a hablar del cuerpo human, porque para aprender. Tú entiendes lo que es
el cuerpo humano?
Come on, we’re going to talk about the human body in order to learn. Do you
understand what the human body is?

Julia: Bueno cuerpo humano, es el cuerpo …
Ok, human body, it’s the body …

Freyan: Como está lleno de células, de nervios, de venas.
It’s filled with cells, nerves, veins.

Valerie: Sangre.
Blood.

Julia: Sangre.
Blood.

Freyan:

?

Qué mas tú entiendes?
What else do you know?

Valerie:

?

Qué tu entiendes?
What do you know?

Freyan: Tiene cerebro.
(continued)
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(continued)

It has the brain.

Valerie: Cerebro.
Brain.

Freyan: Tiene los cinco sentidos.
It has the five senses.

Valerie: Tiene los cinco sentidos, hueso.
It has the five senses, bone.

Here, a group of three students are reviewing the human body. Freyan initiates
the conversation, using the L1 to ask questions to elicit understanding.
Vocabulary terms related to the human body are recalled, though with limited ela-
boration. Later in this conversation, there is some mention of pertinent scientific
vocabulary in English, but the vast majority of the discussion and questioning
occurred in the L1. Overall, Excerpts 1 and 2 show L1 use for elaboration of con-
ceptual knowledge and key vocabulary terms. According to Cummins’ language
interdependence, such information should eventually transfer to English (e.g., dur-
ing oral recall or assessment).

8.5.1.2 Transitioning to English

Although there is evidence of L1 use for content learning, interview data revealed
some students’ reservations about using the L1 when transitioning to English.
In Excerpt 3, Elias and Freyan immediately respond to oppose L1 usage because
it hinders English acquisition.

Excerpt 3

Researcher: When you get things in two languages does that help?

Miguel: Entendemos mejor.
We understand better.

Freyan: No, sometimes. Sometimes [but] it doesn’t help them.

Researcher: Leon, do you feel that using two languages, that translating helps?

Leon: En mi lengua todo es más fácil.
In my language, everything is easier.

Freyan: Not helps much because you will not learn in English. You will just learn about
the term we’re talking, not the language.

Elias: To be honest, I really don’t like translation. English is a language. Spanish is
another language. You learn English, not English translated Spanish, right? So
it’s not the same, so I get mad when people translate the word, that blocks me
[from learning] English.

Freyan: I agree because ….
(continued)
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(continued)

Elias: Because I want to know the English, not the translation.

Freyan: When everything is in English, or another language that you don’t know,
without translator, you will learn because you will learn.

Freyan: Because with a translator, te va atrás un poco más.
You lag behind a little more.

Here, students express disinterest with using the L1 in class. They would rather
learn English and not a “translated” English. In spite of this fact, the L1 is still
used because it is seen as necessary for the low proficiency students. To para-
phrase a famous theologian, “What they do not want to do, they do. And what
they do want to do, they do not do.” This internal schism, within Elias and Freyan
as individuals, and within the classroom as a social community, is a visible
expression of the content-language tension. While six of the eight interviewed stu-
dents supported using the L1 for translation, two students did not. Freyan and
Elias preferred an English-only environment without translation. They felt L1
translation slowed the class down and slowed down the process of language acqui-
sition. Others in the class felt L1 use helped them transition and made the class
comprehensible. This has been previously described as comprehensible input, an
important condition for second language acquisition (Krashen, 1981). The students
stated that without translation, they would not understand anything.

Moreover, it is important to point out that Mr. Williams, the classroom teacher,
gives a very similar account in his individual interview. In Excerpt 4, he states
that if the class were entirely in the L1, the students would “learn a lot more,” but
that this competes with the need to acquire English quickly.

Excerpt 4

Researcher: How do you see them using their native language, and what role do you think
it plays?

Mr. Williams: I think that currently they are primarily using their native language. For most
students, they are getting the knowledge in English, translating it into their
native language, and then understanding it in their native language. There are
some students who are learning in English and thinking in English. And so
they don’t need to take the detour through their native language.

Researcher: Do you see the English-only approach as effective?

Mr. Williams: I think it’s effective in teaching English, which is why we do it. Obviously, if
I did the entire class in Spanish, the Spanish students would learn a lot more.
This school is not focused on getting them to learn science; it’s focused on
getting them to learn science and English. […] I think that ultimately for the
students, it helps them more in their life to learn the English, than to learn
the content. They’re learning the content partly so they can pass the test. And
the tests are just a bunch of facts that don’t really help them in their life.

Mr. Williams described how most students in his class, who are first or second
year ELLs, rely on their L1 for learning science, but mostly to learn English. This
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is likely through translation and comprehensible input (Krashen, 1981). Although
the L1 was seen as effective in teaching content, this goal was secondary to the
practical goal of transitioning to English. Content learning was seen as mainly pro-
viding knowledge assessed on standardized exams which was required for gradua-
tion. This clearly illustrates competing goals of content learning and language
acquisition. If it is assumed, as Mr. Williams does, that one is served at the expense
of the other, then these goals will be in tension with each other. This emerged as a
recurrent theme throughout the student and teacher interview data, providing the
impetus for our study in Singapore, a second site to explore our research question.

8.5.2 Singapore

In Singapore, we were again concerned with the primary question of how do ELLs
use their L1 in a secondary science classroom? Enabled by the survey and
achievement data collected, we were interested in finding if relationships existed
between language use and science achievement and if L1 usage influenced con-
ceptual and linguistic development for students in Singapore.

8.5.2.1 Use of L1 in Secondary Science Classroom

The class we observed in Singapore also saw frequent use of the L1, but in differ-
ent ways than what was observed in New York City. L1 use predominantly
occurred during laboratory instruction rather than regular class time. We suggest
that this occurred partly due to regular class time in Singapore tending to be pre-
dominantly teacher talk or teacher-guided discussion, leaving little room for group
discourse. During laboratory activities, students were given greater freedom to talk
through their L1. In the excerpt below, students were using microscopes to look
for and identify the nuclei in plant cells:

Excerpt 5

Yiyuan: Zhè dōngxı̄ quándōu shì a.
This thing, this is all it.

Zhuping: A nà yuán de jiùshì nucleus.
Oh, those round ones are nucleus?

Yiyuan: Duì ā.
Yup.

Zhuping: Hǎo ě xı̄n.
Very gross.

Yiyuan: Nǎ gě dōng xı̄?
What [is gross]?

Zhuping Nucleus a? Mé yǒ nucleus a.
Nucleus? There’s no nucleus.
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In the use of nucleus, the students were translanguaging, referencing English
scientific vocabulary with their L1. However, here they were using the L1 in a
more functional, social manner as part of the activity, rather than discussing
nucleus as a concept. Conceptual information was mainly presented to students
during the regular class period. The style of instruction observed in the regular
classroom was predominantly lecture style with little peer-to-peer conceptual dis-
cussion. For this reason, we did not capture any instances of L1 use for conceptual
discussion amongst peers. The students mainly used their L1 for translation of key
vocabulary terms by asking peers or using Chinese-English dictionaries. This was
identified during classroom observation and frequently mentioned throughout the
interviews.

During interviews, students were asked whether or not using their L1 helps
them in learning science. Students frequently referred to the use of dictionaries or
the discussion of key terms with other students when there was a lack of under-
standing. As one student put it, “If you don’t understand you can use the mother
tongue to discuss with your friends.” This was frequently mentioned during inter-
views and observed in-class. Although recorded examples of these interactions
were hard to come by, interview and observational data provided instances of L1
usage in the class.

Similar to Freyan and Elias’ responses in New York, the importance of using
English is acknowledged, “We are learning our subject in English so when we dis-
cuss in English it’s better.” It is remarkable that such similar sentiments were inde-
pendently expressed regarding the use of the L1 contrasting with the importance
of using English to help acquisition. We do not think it is a stretch to suggest that
tensions between competing goals of content and language learning exist at both
sites, and this is shown by statements above.

8.5.2.2 Relationships Between Language Use and Science Achievement

We performed step-wise regression on students’ science achievement scores
(n = 60) using a wide range of predictor variables which were described earlier in
the methodology section. We found two significant predictors of in-class science
achievement: prior mathematics achievement (p < .015) and students’ response to
the question, “How comfortable are you with English?” (p < .002). The overall
model was significant (p < .002) with an R2 = .203, indicating 20% of the varia-
tion in science achievement can be explained by these two predictors. Comparison
of standardized coefficients shows English comfort level (.368) a stronger predic-
tor than prior mathematics achievement (.296).Although significant, the explained
variance was not particularly large. However, these results do suggest the impor-
tance of students’ comfort with English in the ELL science classroom.
Importantly, this does not indicate a causal relationship, and correlated measures
of English comfort, mathematics, and science achievement may reflect dimensions
of underlying achievement. In-class science assessments were given in English,
making language an inherent component. Nevertheless, there was good evidence
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that use of English plays an important role in ELL science classrooms, leading us
to investigate more specifically the relationship between L1 use and conceptual
and linguistic development.

8.5.2.3 Influence of Native Language Usage on Conceptual and
Linguistic Development

During survey administration, scientific concepts were defined as the ideas learned
in science class. Scientific English was described as the language of science used
in science class (Lemke, 1990). These terms were clarified by the researcher in
this way during administration of the survey. Students in Singapore were asked to
rate their agreement with the statement, “Using another language helps me to learn
scientific English1” (see Fig. 8.1). About 50% of the students showed agreement
(agree or strongly agree), 36% of students were neutral, and the remaining 14%
disagreed (disagree or strongly disagree).

About half the class believed that using the L1 helped them with the acquisition
of scientific English. At the same time, a nearly equally large portion of neutrality
and disagreement reflected some split in opinion. Students were also asked to rate
their agreement with the statement, “Using another language helps me to learn
scientific concepts” (see Fig. 8.2). This resulted in a similar distribution, with
about 50% of the students showing agreement, but with a greater proportion
expressing neutrality.
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Fig. 8.1 Using another language helps me to learn scientific English

1
“Another language” refers to students’ native languages or mother tongues. This was verbally
clarified during survey administration.
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Overall, we saw sizeable agreement with the belief that using the L1 helps with
learning scientific concepts and learning scientific English. However, in both mea-
sures there is also a general split in opinion. Some students support L1 use and
some do not or are not sure. We suggest that this can be explained by the students’
acknowledgement of L1 use contrasting with the acknowledged importance of
using English during focus group interviews. It is reasonable to assume that these
contrasting sentiments would appear in our survey data, providing another visible
expression of the content-language tension.

It was important to determine whether agreement varied by levels of achieve-
ment, English proficiency, or majority/minority ethnic group status. Perhaps stu-
dents with higher or lower language proficiency had different orientations toward
language in class. Chinese-majority students had more opportunities to use their
native language in class, which may influence beliefs about L1 use. Moreover, it
is possible that students with lower science achievement or English proficiency
would display stronger agreement as well.

No statistically significant differences in levels of agreement were found across
groups of varying English proficiency, ethnic group status, or prior achievement.
Conversely, students’ beliefs regarding L1 use for learning scientific concepts or
scientific English were not significant predictors of science achievement or lan-
guage proficiency. Simply put, higher achievement was not associated with a par-
ticular orientation toward L1 use.

8.6 Discussion

We conducted studies of L1 use in ELL science classrooms in two distinct loca-
tions – New York City and Singapore. Both locations represent places with large
immigrant communities fluent in a common language where learning English is a
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Fig. 8.2 Using another language helps me to learn scientific concepts
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primary goal. In New York City, we collected data using classroom observation,
audio recording of student discourse, and focus group interviews from one class-
room. In Singapore, in addition to these methods, we collected classroom surveys,
language proficiency data, and student achievement data from three classrooms.

Findings emerged to address the primary research question guiding both stu-
dies, “How is the L1 used in the secondary science classroom?” In New York, we
see students using the L1 for conceptual discussion and the learning of content.
At the same time, these students are divided on whether it is better to rely on the
L1 in the classroom. In Singapore, we see similar contrasts between using the L1
with peers or via dictionaries versus using English to focus on acquisition. This is
seen in both the student interview and survey data. The two settings in which the
studies take place highlight the tension that exists between competing goals of
content learning and language acquisition for ELLs. They provide evidence that
the L1 is frequently and naturally used for content learning, in spite of the preva-
lent assumption that this interferes with English acquisition. Moreover, we see this
phenomenon in two distinct sites, suggesting that such tensions may be found in a
wide range of ELL science classrooms.

The students and classrooms in New York and Singapore do differ in many
ways. Although we did not collect extensive background data, the students likely
differ in socioeconomic status. Furthermore, the differences in context (e.g., lan-
guage, instruction, culture) are not insignificant. However, like many other class-
rooms where linguistic minorities are learning science in a second language
spoken by the dominant culture, tensions may arise as to the goals for learning.
As eluded to by Mr. Williams, orientations toward English acquisition and assimi-
lation likely add to the content-language tension that appears in such science
classrooms.

For the students in both settings, the notion of becoming proficient in English
as a matter of urgency is not to be downplayed. Passing standardized assessments
in English is required for graduation at both sites. Their desire to learn English is
so strong that they may prefer not to use the L1 to promote language learning;
however, they do so out of necessity for passing standardized tests, which is sec-
ondary. The language burden extant in standardized assessments, as well as the
practical needs of learning the majority language, underlies the goal of English
acquisition. The L1 may be used as a tool to learn science content; however, pres-
sures of language acquisition in scientific English have positioned it solely as a
transitional device (i.e., to transition from the L1 to the L2) for the translation of
key vocabulary.

8.7 Conclusion

A central theme emerged from this study of ELLs using the L1 in secondary
science classrooms in two settings, New York City and Singapore. The L1 can
help students learn scientific content, but may be perceived to slow their acquisi-
tion of English. In Singapore, students were evenly split regarding their opinions
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on whether L1 use supports learning scientific concepts and scientific English.
This division was seen across all levels of student achievement and first and sec-
ond language proficiency. Taken together, we propose that for these classrooms
there exists a content-language tension, where competing goals of content learning
and language acquisition are differentially supported by L1 use. Building scientific
literacy for second language learners must take into account the differences
between content and language learning. Practices with regards to the use of the L1
in science classrooms should consider individual differences as well as the
content-language tension, and the role of the majority language must be consid-
ered carefully when addressing the goals of global scientific literacy. In other
words, “it is important that teachers and students understand and use language in
the classroom for acquiring the culture of power in its various forms” (Moore,
2007, p. 341), and that this should be considered when thinking about tensions in
the classrooms due to language and learning.
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Chapter 9
A Case Study of Literacy Teaching in Six
Middle- and High-School Science Classes
in New Zealand

Aaron Wilson and Rebecca Jesson

Abstract This chapter reports a case study of the literacy practices and knowledge of
six science teachers in Auckland, New Zealand (NZ). In NZ, the national curriculum
requires that students develop sophisticated, subject-specialised literacy in science.
However, little is known about actual patterns of literacy teaching and learning in NZ
science classrooms. Participants were six teachers of science from schools serving low
to middle socio-economic status communities. Two teachers taught Year 7 (students
aged 11–12 years), two taught Year 9 (13–14 years) and two taught Year 11 (15–16
years). The data included observations of literacy teaching in science lessons, inter-
views with teachers and measures of teachers’ subject literacy pedagogical content
knowledge. Data from all three sources indicated that teachers considered vocabulary
to be the key to literacy learning in science, and the literacy teaching observed was
consistent with this. This vocabulary teaching tended to focus on definitions, supplied
by the teacher and learned through repeated practice activities. Texts used in science
lessons were most commonly short, teacher designed texts. Students had few opportu-
nities to read science texts independently. We identify a need to expand the learning
outcomes that are valued, from a primary focus on assessed science content to a
broader focus that encompasses reading, writing, disciplinary and critical literacy out-
comes. We see an opportunity to frame students, rather than teachers, as being respon-
sible for the reading and writing of science text and to move from constrained to
open-ended literacy learning tasks. Finally, we identify a need to move beyond short-
term strategies towards a focus on generative teaching so that students are in a position
to read and write the texts they need as citizens or as emerging science professionals.
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This chapter reports a case study of the literacy practices and knowledge of six
science teachers in Auckland, New Zealand (NZ). The teachers in the case study
taught in two high schools (Years 9–13) and two intermediate schools (Years 7–8)
serving low- to mid- socio-economic status communities. The two intermediate
school teachers taught Year 7 classes (comprising students of 11–12 years of age)
and, of the four high school teachers, two taught Year 9 (13–14 years) and two
taught Year 11 (15–16 years). Despite an increasing awareness of the importance
of literacy in subject-areas such as science, little research had previously been con-
ducted to investigate patterns of literacy instruction in NZ schools.

Our focus here is with students’ developing knowledge of the language of
science and how students learn to read, write, speak and listen to texts in science.
Our focus is not on ‘scientific literacy’ which we take to refer to understanding of
the natural world and key science concepts, principles and ways of thinking
(Pearson, Moje, & Greenleaf, 2010). We do work from an assumption however
that developing literacy in science contributes to the development of scientific
literacy.

Students’ ability to read, write, speak and listen to texts in science is considered
to have a powerful effect on their overall science achievement. While a causal
relationship between improved reading and improved scores on subject-based
assessments has yet to be empirically established (Kamil et al., 2008), the correla-
tions between PISA Reading scores with PISA scores in mathematics and science
scores, for example, are 0.81 and 0.86, respectively (Kirsch et al., 2002).
Moreover, like nations worldwide, meeting the challenges NZ faces as a society
increasingly depends on its citizens’ knowledge of science. A recent government
report (Office of the Prime Minister’s Science Advisory Committee, 2011), for
example, argues that the objectives of science, for both ‘pre-professional educa-
tion’ and ‘citizen-focused education’, require children to take ‘an informed partici-
patory role in the science-related decisions that society must make’ and to
‘distinguish reliable information from less reliable information’ (p. 4). These
objectives demand sophisticated forms of literacy specific to the teaching and
learning of science.

There is consensus that the literacy and language demands of different subjects
become more sophisticated and specialised as students move up the year levels
(Lee & Spratley, 2010; Moje, 2008). The increased specialisation is closely related
to the ‘clearly demarcated subject orientation’ (May & Wright, 2007, p. 374) of
secondary schools, and their organisation into different, reasonably autonomous,
subject-based departments (Hargreaves & Macmillan, 1995; Siskin, 1997). The
texts that students encounter provide one instance of this subject specialisation.
Mathematics word problems are almost exclusive to mathematics classrooms, his-
torical documents to history classroom and scientific research reports to science
classrooms (Lee & Spratley, 2010; Moje, Stockdill, Kim, & Kim, 2011).

Helping students develop knowledge to cope with increasing linguistic com-
plexity and specialisation is the key feature of a body of recent research advocat-
ing for more attention to disciplinary literacy (Fang & Schleppegrell, 2010;
Shanahan & Shanahan, 2008). From a disciplinary perspective generic reading
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skills such as decoding and general comprehension strategies are necessary but
not sufficient for students to meet the sophisticated and specialised demands of
reading in middle- and high-school science.

The statement of official policy that sets the direction for student learning in
English-medium schools, New Zealand Curriculum (NZC), includes explicit mes-
sages about literacy learning in science (Ministry of Education, 2007). The vision
for literacy in science expressed in NZC is an ambitious one. Students are
expected not only to read texts for information but also to read texts that help
them apply that knowledge to real world contexts. Students are expected to
become critically literate users of popular and science texts: by Year 6, students
are expected to begin to question the authors’ purposes for constructing texts and,
by Year 10, to use their understanding of science to evaluate both popular and
scientific texts. The vision in NZC is consistent with a disciplinary literacy per-
spective insofar as students are expected to learn ‘what science is and how scien-
tists work’ and ‘how science ideas are communicated’ (Ministry of Education,
2007, p. 28).

There is a range of instructional practices warranted in the literature as poten-
tially effective in developing these valued literacy outcomes in science; our review
of these practices shaped our inquiry. Firstly, there was a need to know about the
amount and types of text use and the characteristics of those texts. Literacy learn-
ing in science is likely enhanced when students have plentiful opportunities to
read appropriately challenging texts that have properties well aligned to curricu-
lum expectations (Darling-Hammond & Bransford, 2005; Kuhn & Stahl, 2003).
There is general agreement that the nature of the texts students encounter should
change as they progress through secondary school. Texts are expected, across sub-
jects, to become longer, and the words, sentences, structures and ideas within
them more complex. Graphic representations increase in importance and there is
more variety in texts across subject-areas (Carnegie Council on Advancing
Adolescent Literacy, 2010). We see opportunities to read and write texts of the
types valued in the discipline as a precondition of effective literacy instruction; no
instructional effort to improve reading and writing can compensate for an absence
of reading and writing.

Secondly, we were interested in the opportunities students had to discuss texts.
One of the most powerful ways to raise students’ subject-literacy is for them to
engage in rich extended discussions about the texts that they read in different
learning areas (Soter et al., 2008; Wilkinson & Son, 2009). Extended discussion
contrasts with typical patterns of classroom discourse in that there is more time for
open-ended discussion, greater use of authentic open teacher questions to explore
rather than ‘test’ students’ understanding, and attempts to increase ‘uptake’
whereby teachers prompt for elaboration and incorporate and build on students’
ideas (Applebee, Langer, Nystrand, & Gamoran, 2003).

Thirdly, there was a need to investigate how science teachers developed stu-
dents’ knowledge of texts in order to navigate and make meaning from such texts.
Given that every science topic presents students with a plethora of technical new
terms to learn (Fang & Schleppegrell, 2010), and because students need to know a
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high proportion of words to comprehend a text (Lesaux, Kieffer, Faller, & Kelley,
2010), teaching of vocabulary is an important component of literacy instruction in
science. Moreover, because science texts, such as science reports, differ from
those of other subjects at the global text level (e.g. noncontinuous texts requiring
students to move back and forward between running text, illustrations and dia-
grams) and the local text level (e.g. specialised types of graph and diagram),
instruction to develop students’ knowledge of structural or organisational features
of texts is also warranted. Students would also benefit from knowing about specia-
lised features of science texts at the level of sentences, particularly since many of
the features identified as being common in science (Fang & Schleppegrell, 2010)
are also identified as features known to inhibit comprehension (White, 2012).
Such features include ellipsis, the use of lengthy noun phrases, complex sentence
structures, passive voice and nominalisation.

Fourthly, it was important to investigate teaching to develop students’ strategies
for reading and writing. After all, the aim of disciplinary literacy instruction is to
develop students’ independent reading and writing in science. Such instruction
might involve deliberate teaching of reading strategies (Conley, 2008; Pressley,
2004) or metacognitive reflection (Schoenbach, Greenleaf, & Murphy, 2012).

Finally, given the explicit statements about the importance of critical literacy in
NZC, we needed to know about teaching practices to develop students’ critical lit-
eracy. Such practices include teachers encouraging students to read from the per-
spective of someone with an opposing perspective, setting tasks where students
produce counter texts, providing multiple perspectives on the same topic and con-
ducting student-choice research projects (Behrman, 2006; Janks, 2013).

The research questions we addressed in this study were: ‘What practices do tea-
chers use in the teaching of science to support students’ learning and achieve-
ment?’ and ‘What knowledge, beliefs and understandings do teachers have about
the literacy and language of science?’

9.1 Methods

The settings of the study were six classrooms in three secondary and two inter-
mediate schools in Auckland. Secondary schools in NZ serve students in Years
9–13 (approximately 13–18 years old) whereas intermediate schools are attended
by students in Years 7 and 8 (approximately 11 and 12 years old). The schools
served mid- to low- socio-economic status communities with ethnically diverse
student populations. The six classrooms comprised two science classes from each
of Years 7, 9 and 11.

The selection of schools and teachers was purposive; we wanted to investigate
the literacy teaching practices and knowledge of science teachers identified as
effective in literacy instruction and who worked in schools serving low- to mid-
SES, ethnically diverse communities. One purpose of the study was to identify
future directions for literacy and language pedagogy, and we reasoned that these
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would be most fruitfully built on a foundation of already effective teaching. We
used publicly available data about schools’ performance in national qualifications
as the first step in identifying potential schools. The main school qualification in
NZ is the National Certificate of Educational Achievement (NCEA) which is a
standards-based assessment system. To gain an NCEA qualification students are
assessed against a range of ‘standards’ in different subjects, each of which repre-
sents a particular skill, understanding or competency (New Zealand Qualifications
Authority, n.d.). We focused specifically on standards identified by national subject
experts as having a significant reading and writing component. First we identified
all low- to mid-decile secondary schools in Auckland where more than 60% of the
Year 11 roll were enrolled in these standards. We then ranked those 29 schools
according to pass rates and invited the highest ranked schools to participate. The
schools with the highest and fourth highest pass rates agreed to participate.

We then invited the principal and head of science to identify science teachers
whom they judged to be particularly effective at developing students’ literacy in
science. We also asked the principal and head of science to nominate a local inter-
mediate school which they judged to have been effective in preparing students for
the literacy demands of high school science.

We used three sources of data: Teacher observations, a measure of teacher sub-
ject literacy pedagogical content knowledge (SLPCK), and teacher interviews.
Members of the research team observed each teacher over three consecutive
science lessons (typically 50–60 minutes) using an observation template.
Researchers actively observed the teaching for 3 minutes then recorded their
observations during the next 3 minutes, in a rotating cycle, enabling a 50% sample
of each observed lesson. Instances of literacy or language instruction were coded
according to their content focus and for what we called ‘instructional depth’. The
categories of content focus were vocabulary (words and sub-word parts), text
structure (e.g. teaching students about organisational features of graphs such as
titles and labels or about section-headings commonly used in science reports), lan-
guage features (e.g. teaching students about passive voice) and spelling and punc-
tuation. The categories of instructional depth were item (e.g. teaching an item of
knowledge such as a definition), activation of students’ prior knowledge (e.g. ask-
ing students to brainstorm synonyms for a word), practice (e.g. matching activities
designed to reinforce understanding of meanings of previously taught words),
strategy: developing students’ metacognition/strategy use (e.g. discussing reading
comprehension strategies; strategies for ‘solving’ unfamiliar words using sub-
word parts such as prefixes and suffixes) and critical literacy (e.g. closely analys-
ing a writer’s word choices to identify bias). Detailed field notes were made about
all texts and teaching and learning activities, particularly those that had a literacy
or language focus.

Teacher observation data were analysed to determine the types of texts used,
and the amount of time teachers spent engaged in different teaching activities.
These quantitative data were supplemented with qualitative analyses of field notes
using the same codes to give us a richer picture of how these forms of literacy
teaching were enacted in classrooms.
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To explore teachers’ knowledge of features of a science text that might compli-
cate comprehension, we employed a Subject Literacy Pedagogical Content
Knowledge (SLPCK) tool (Wilson, Jesson, Rosedale, & Cockle, 2012) that was
completed by the four secondary teachers. The SLPCK tool provided teachers
with a science text to read (one used in a recent national external examination)
and asked them to identify aspects of the language and literacy that might act as
potential barriers for students’ reading, and to suggest teaching moves they might
make in response. Content analysis of the completed tools identified themes from
the responses.

Teacher interviews occurred at the end of each observed lesson, when teachers
were asked whether their learning goals for the lesson included a specific literacy
goal and, if so, the methods used to assist the students in achieving that goal, and
any measures they had used to understand whether students had achieved that
goal. The researcher recorded a summary of the teacher responses, and these sum-
maries were later qualitatively analysed to identify themes.

Qualitative data from the SLPCK measure and teacher interviews were then
analysed in combination to identify the themes emerging from both data sources.
Members of the research team met regularly to test thematic ideas. Percentages
were then calculated to describe the relative frequency of each theme.

The study was approved by the University of Auckland Human Participants
Ethics Committee. The participation of schools, teachers and students was comple-
tely voluntary and all participants were provided with a detailed Participant
Information Sheet and signed a Consent Form.

9.2 Findings

We report firstly on the main activities that teachers and students were engaged in,
regardless of whether or not these activities were focused on aspects of literacy or
language. We then look more specifically at the frequency and properties of text
use and literacy and language instruction observed in the lessons. Data from our
analyses of the SLPCK tool and from the teacher interviews are used where appro-
priate to illustrate, nuance and explain observed patterns of teaching.

9.3 An Overview of Teaching and Learning Activities

Key finding: students’ time in science lessons was divided fairly evenly between
whole-class activities, such as question-and-answer discussions, and individual
tasks such as completing worksheets. There were few opportunities for students to
work in small groups or to engage in extended discussions.

For each 3-minute observation interval, observers made a judgement as to
the main forms of teacher activity, student activity and student grouping.
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Students in science lessons participated mainly in whole-class activities
(50% of observed intervals) or in individual (albeit not individualised) tasks
such as completing worksheets (43%). Although students commonly sat in
groups, the tasks were rarely designed as group tasks (7%). The main teacher
activities during whole-class sessions were question and answer sessions, which
accounted for a third (32%) of all observed intervals, and lectures (17%). The
overwhelming focus of these whole-class activities was on teachers explaining
science concepts and terminology to students. The individual student activities
consisted mainly of practice and reinforcement-type activities such as complet-
ing worksheets. While students worked on individual tasks, teachers divided
their time between roving (20%), management (17%), conferencing (8%) and
modelling (6%). Only one teacher (Teacher 1) incorporated practical science
work such as experiments into their observed lessons. There was an absence of
extended discussion (either about texts or about science more generally) in the
lessons, with no intervals at all coded as having this as the main activity. Class
and group discussions, when they took place, took the form of question-and-
answer sequences characterised by teachers asking closed, checking-type ques-
tions about science ideas and students providing brief answers, often of just one
or two words.

9.4 Opportunities for Reading

Key finding: the majority of texts observed in science lessons were short, teacher
designed texts.

Working from an assumption that texts should be at the heart of literacy
instruction, we analysed the frequency with which texts were used, and what the
features of those texts were. We took a reasonably broad view of texts and
included all texts with any written words, including diagrams with labels or head-
ings and symbolic expressions, but did not count texts that had no written words
whatsoever and were therefore solely oral or visual. In total, 82 texts were
observed in science classrooms.

Texts were predominantly short, with the highest proportion (38%) of texts
containing between 11 and 50 words and a quarter (26%) having 10 or fewer
words. The majority of texts (72%) were created by the classroom teacher and pre-
sented as whiteboard or computer-projected notes or as worksheets. About a fifth
(18.2%) of all texts were sourced from published print sources (books, magazines
and newspapers) but only one-third of those (6.1%) were presented to students in
their original published form; most of the texts sourced by teachers from published
print sources were presented to students as photocopies or computer-projected
copies. About half of the texts (49%) comprised written text only with the remain-
der of texts including at least one visual representation such as a diagram (20%),
illustration (11%), photograph (6%) or table (5%). Forty-five per cent of the texts
consisted mainly of running text in paragraphs, 27% consisted primarily of
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information presented in bullet points and 27% were predominantly visual repre-
sentations of information.

There was little evidence of ‘real world’ texts or digital text. Newspaper or
magazine articles were only observed in two intervals each. Also, all of the text
use observed or discussed in the interviews was limited to single-texts; teachers
made no mention of, and were not observed to use, multiple texts on a related
topic or theme.

9.5 What Do Science Teachers Teach When Science Teachers
Teach Literacy?

Key finding: teachers were very aware of the importance of specialised subject
vocabulary and frequently taught new terminology. There were few instances of
teaching to develop students’ understanding of other aspects of literacy or lan-
guage in science such as the structures or language features of texts.

Some form of literacy or language instruction was observed in 70% of the
observed intervals. Vocabulary was by far the main focus of literacy and language
instruction and this was observed in 62% of all observed intervals. Of the remaining
11 literacy-coded intervals, six included instruction about text structure, four about
spelling and one about the audience and purpose of a text. The literacy focus of
three of the teachers was solely on vocabulary whereas one teacher each also taught
about structure or spelling, and one taught about vocabulary, structure and spelling.
All of the intervals coded as relating to structure related to one form of representa-
tion within a text (such as a Punnett square) rather than to the structure of the text as
a whole (for example about the challenges related to reading discontinuous text that
incorporated running text, illustrations and specialised forms of visual representa-
tion). No intervals were coded as having any instruction about language features at
the level of sentences. We observed little deliberate instruction directly related to
reading or writing processes or strategies. Furthermore, no intervals were coded as
mainly focussed on developing students’ critical literacy, although there were
instances of incidental teacher questioning to promote critical thinking (e.g. about
possible explanations for unusual phenomena or unexpected results in experiments).

Unsurprisingly, given the high rates of vocabulary instruction we observed, tea-
chers in the interviews viewed teaching vocabulary as an integral part of effective
instruction in science. As one teacher put it, ‘If they (students) don’t have the
vocabulary, they can’t express ideas. Definition is the language of science’
(Teacher 3). In the interviews, all six teachers articulated a learning goal related to
vocabulary. In contrast, none of the six teachers identified a reading goal and
although three stated a writing goal, these goals were expressed more as students
doing writing than learning about writing: a typical writing goal was for students
‘to be able to write a paragraph for the assessment’ (Teacher 5). Consistent with
the other data sources, teachers’ responses to the SLPCK tool identified student
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knowledge of vocabulary as the most common barrier to text understanding and
task completion.

Assessment success was a key rationale for vocabulary teaching at the upper
levels. The two Year 11 teachers framed the importance of vocabulary instruction
in terms of what students needed to know and do to succeed in high stakes qualifi-
cations. Teacher 5 said in the interview that it was important to focus on vocabu-
lary ‘as the markers in the assessments are tough on terminology’ and Teacher 6
told her class that it was ‘vital to use these words when it comes to assessments’.

The main vocabulary focus was on teaching specialised subject and general
academic vocabulary. In the SLPCK measure for example, all four secondary
school teachers cited academic topic words, such as sterilise, process and micro-
organism, as potentially problematic vocabulary for students in the provided text.
Three of the four secondary science teachers also identified that students needed
to recognise that general academic vocabulary items, specifically instructional
verbs, such as Name and Explain as they provide clues as to the expected length
and depth of student responses to the tasks. In contrast with the strong focus on
academic vocabulary, no science teacher identified examples of more general, lit-
erate vocabulary related to the context of the text, such as bottling (meaning pre-
serving), air bubbles or refrigerated, as potentially problematic for students.
Consistent with this, there was no mention of non-scientific vocabulary in the
interviews or observed lessons.

Teachers clearly valued and tried to promote the use of correct technical scien-
tific vocabulary. A typical example of this occurred in one of Teacher 1’s lessons
with his Year 7 science class when a student spoke of a solid having ‘hardness’
and Teacher 1 responded that ‘I’d rather we talked about density’. Another teacher
said ‘it’s important students use the vocabulary correctly in context and to know
why it’s not appropriate to use the word spin instead of rotate say’.

Technical scientific vocabulary was seen as being particularly important in the
first few lessons of a topic. One teacher described the key words introduced in
the first lesson of a topic as providing ‘a springboard to the concepts covered
in the next lessons’ (Teacher 1, Year 7) and another stated that vocabulary at the
beginning of a topic because ‘you want to sort it out first because you’re going to
use a lot more of these words throughout the next six weeks’ (Teacher 5).

9.6 Teaching Approaches for Teaching Vocabulary

Key finding: the vocabulary instruction comprised explicit teaching of definitions
of subject-specific items followed by multiple exercises of constrained vocabulary
use. There were few observed instances of teaching to develop students’ indepen-
dent strategies for ‘solving’ and learning new vocabulary.

The typical sequence of vocabulary teaching consisted of explicit teaching of
new words followed by constrained activities designed to reinforce students’
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knowledge of those words. Each of the 109 intervals that featured literacy instruc-
tion was coded according to its ‘instructional depth’. The two most prevalent cate-
gories of instructional depth were item teaching (e.g. teaching word meanings) and
practice (providing students with opportunities to reinforce content covered pre-
viously) which accounted for 31% and 48% of the literacy intervals respectively.

The bulk of literacy intervals coded for item teaching involved the explicit
teaching of word meanings. Most commonly this was done through the teacher
telling students the meaning of new words and/or writing new words and their
definitions on the whiteboard for students to copy. In the interviews and SLPCK
measure all teachers noted the importance of explicitly teaching key science topic
words. There were no instances where the task specifically required students to
infer the meaning of new words from texts, as they would likely have to do when
reading texts independently. The absence of such opportunities is likely related to
the very limited use of extended, contextualised and non-instructional text reported
previously. There were teacher-designed activities however where students were
given a term and definition and had to match it to a slightly reworded definition,
for example, in Teacher 3’s class when students were instructed to read a text that
stated ‘inside the nucleus are thread-like chromosomes’ and then to write the
name of ‘the thread-like strands inside the nucleus of each cell’.

Teachers were very aware of the importance of repeated practice in developing
and reinforcing students’ vocabulary knowledge. One teacher in the interviews
referred to such reinforcement as students needing to ‘play’ with new words.
Teachers in the interviews and SLPCK measure identified a wide range of activ-
ities in which students ‘played’ with new vocabulary in written, visual and oral
forms, including through cloze exercises, matching activities, poems, songs and
crosswords. All of the teachers except Teacher 2 were observed using a variety of
different activities to give students repeated exposure to new words. The most
common approaches for reinforcing new vocabulary that we observed in the class-
room lessons were matching activities (5/6 teachers) cloze activities (4/6 teachers),
labelling diagrams and word finds (3/6 teachers each). In most cases, students
matched words to definitions, although sometimes additional examples, including
pictures, were required. In some cases the reinforcement teachers provided was
embedded in activity but nevertheless very deliberate, for example when Teacher
1 was conferencing with a group during an experiment he said, ‘How are you
going to separate sand from the salt solution’, emphasising solution through tone
and volume.

While most of the item teaching we observed was limited to the teaching of
word meanings, four of the teachers also were observed, or discussed the impor-
tance of, teaching students about morphology. For example, Teacher 6 (Year 11)
drew students’ attention to the prefix bi- when she introduced the term binary fis-
sion by saying: ‘Bi meaning two, as in bicycle or bilingual’. Similarly, Teacher 1
explained to his class that the suffix –ology means ‘The study of something’.
Teacher 3 said in her interview that an important learning goal was on developing
her students’ ‘word knowledge and breaking down word parts to find clues to
scientific terminology’.
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There was limited evidence of teaching of strategies students could use for ‘sol-
ving’ new words. The strategies observed consisted of morphemic strategies to
break words down words to sub-parts to infer meaning and the use of mnemonics
to memorise key terms. We did not observe instances where students were asked
to articulate or reflect on vocabulary strategies they had used or could use indepen-
dently, although one teacher (Teacher 6) tried to capitalise on students’ knowledge
of vocabulary from other subject-areas by asking her class what they knew about
the prefix –micro from mathematics.

The instruction we observed was mainly focused on developing students’
receptive understanding of new science words rather than on supporting students
to use the words themselves in their speaking or writing. The absence of a strong
focus on productive vocabulary in the observed lessons was at odds with the inter-
views in which five of the six teachers expressed both a receptive (‘to understand’)
and productive (‘to use’) vocabulary learning goal in the interviews. A typical
example of this type of goal was that ‘they (students) have to develop definitions,
they have to know what they are, and they should be able to write a paragraph
using some of these words’ (Teacher 6). Despite such goals, there were very few
opportunities for independent and extended writing and the majority of tasks
designed to develop students’ proficiency in using new vocabulary were highly
constrained. Most commonly, students at all levels were required to complete
cloze (fill-the-gaps) activities or to use new words to label diagrams provided by
the teacher with original labels blanked out. In a few cases this required students
to write the missing words in gaps in a short paragraph but more often they only
had to complete short sentences such as ‘Particles in a – (solid) are close together’.
In some cases, even at secondary school, the tasks were even more constrained:
‘There are 365 ¼ d … in a y …, 8 p … in the s …. s …’ (Teacher 4, Year 9).

In summary, data from all three sources indicated that teachers considered
vocabulary to be the key to literacy learning in science, and the literacy teaching
observed was consistent with this. This vocabulary teaching tended to focus on
definitions, supplied by the teacher and learned through repeated practice activ-
ities. Texts used in science lessons were most commonly short, teacher designed
texts. Students had few opportunities to read science texts independently.

9.7 Discussion

Literacy in science can be viewed as a valued learning outcome itself and as a
vehicle for achieving other valued learning outcomes such as understanding
science concepts. The combined results of this study indicate that understanding
subject-content knowledge was the student outcome most valued by the science
teachers; apart from vocabulary, there was little evidence of disciplinary literacy
being viewed as a valued outcome itself. Neither was literacy seen as a primary
means of developing students’ subject-content knowledge; students had few
opportunities to read, write, discuss or learn about the kinds of texts thought to be
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valued in the discipline, or indeed, the curriculum. The assumed shift from reading
in primary to secondary school is commonly thought to be a shift from ‘learning
to read’ to ‘reading to learn’ (Jetton & Alexander, 2004) but we saw limited evi-
dence of either. Rather, science teachers typically provided content instruction,
including vocabulary instruction, through telling, by adjusting or writing texts,
and by providing constrained practice activities such as worksheets. In general this
seemed to be a feature of teachers who compensated for perceived gaps in their
students’ literacy by identifying the science ideas and vocabulary students need to
know, and summarising this in the form of teacher-made notes or modelling for
students.

It is important to note that the general pattern of teaching we identified, while
limiting from a disciplinary literacy perspective, was employed by teachers nomi-
nated as effective within schools that were demonstrably effective in promoting
student success. This may be related to three potential issues with our sampling
procedures. Firstly, it could be that the qualification standards which assess stu-
dents’ content knowledge through reading and writing are not a direct enough
measure of students’ reading and writing. Secondly, we did not have access to
data at the level of classes and therefore the teachers we observed were not neces-
sarily the teachers whose students achieved the highest results. Thirdly, it may be
that the principals’ and department heads’ knowledge of literacy and effective lit-
eracy instruction in science may have been insufficient for them to accurately
identify the science teachers who were the most effective teachers of reading and
writing. It is possible too that although the rates of literacy instruction for the case
study teachers were relatively low, they may have been higher than those of tea-
chers more generally.

This apparent mismatch potentially challenges our assumption that high pass
rates in science assessments would be associated with high rates of literacy
instruction. It may be that students’ relatively high pass rates in these Year 11
assessments happened because of, rather than despite, the teachers’ efforts to ame-
liorate reading and writing demands; developing students’ knowledge of science
ideas in more direct ways may be more effective as well as more expedient than
having them struggle to read challenging text. The evidence we have reported
here does not refute that possibility.

Even if a focus on content at the expense of literacy might help students pass
examinations in the earliest year of the formal qualification system, we are con-
cerned for two reasons. Firstly, the teaching seems more geared to helping stu-
dents answer specific test questions than towards the development of deep
conceptual understanding of science in general or disciplinary literacy in science
more specifically. Secondly, such practices may constrain students’ future science
learning, particularly when the time comes, as we hope it will, that students read
science-related texts in situations where no teacher is available to mediate the
texts, such as in the later years of schooling, at university, in the workplace, or in
everyday life.

Fundamentally, literacy learning in science requires text access and use. There
was little alignment between the types of texts students encountered in class and
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those that the curriculum implies would be important, and those that students will
encounter in external examinations in later years, in the disciplines themselves and
in ‘real world’ contexts. To become skilled users and producers of valued science
texts, students need opportunities to read, write, think about and discuss those
types of texts. We are not suggesting that written texts supplant other ways of
teaching content or providing meaningful contexts to which students can apply
their developing science knowledge, but we are suggesting that written texts
should be used more often for these two purposes. There was ample scope for
more time spent engaged in reading and writing texts. This is fundamental as until
teachers expect students to regularly read and write valued texts in science, there
will be little reason for them to teach students about the features of such texts or
about strategies for reading and writing them.

Alongside text use, students need strategies to demand meaning from these
texts. There were limited opportunities for students to develop knowledge about
the specialised features of science texts, particularly those features identified in the
literature as potential inhibitors of comprehension and meaning-making. The
absence of teaching of such features is no doubt related to the absence of texts
with these features in the observed classes. The teachers were however very aware
of the importance of receptive vocabulary knowledge and invested considerable
instructional time to this. The teachers taught students new words and their mean-
ings and also designed repeated opportunities for students to play with new words
and develop students’ understanding of word parts. The pattern of high rates of
vocabulary instruction but low rates of instruction about other aspects of texts
does not support the conclusion that there was a generalised antipathy to the
notion that science teachers address language and literacy, as has been found in
much of the historical literature (O’Brien, Stewart, & Moje, 1995). It does suggest
however limits to the role that language and literacy is understood to play in
science learning; there was next-to-no instruction employing science texts or about
purposes of science texts, how they are organised or about language features at
the level of sentences. As well as employing texts with features that are valued in
science, it is important that teachers have deep knowledge of how science texts
work so they can anticipate or diagnose reading and writing problems, employ
appropriate teaching strategies to address these problems and evaluate the effec-
tiveness of these actions.

Finally, in line with both the citizenship and professional preparation roles of
science advocated by NZ policy, students need to engage critically with the con-
tent and purposes of scientific (or purportedly scientific) texts. Critical literacy
involves a shift away from ‘getting the correct answer’ to questioning the assump-
tions in texts, critiquing and challenging. In our observations of teachers we saw
no evidence of any instruction that could be characterised as critical literacy. We
would therefore argue, from a position of instructional depth, that students need
opportunities to engage with issues, ideas and concepts, to challenge and critique
them as part of deep learning in science.

In conclusion, we identify four opportunities for subject-specific literacy teaching
to shift in ways that prepare students better to read and write science text. Firstly,
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we see a need to expand the learning outcomes that are valued, from a primary
focus on assessed science content to a broader focus that encompasses using texts
in science appropriate ways, with reading, writing, disciplinary literacy and critical
literacy outcomes as central to these. Secondly, we see an opportunity to frame stu-
dents, rather than teachers, as being responsible for the reading and writing of
science text. Thirdly, there is a need to move from constrained to open-ended lit-
eracy learning tasks. Fourthly, there is a need to move beyond short-term strategies
towards a focus on generative teaching so that students are in a position to read and
write the texts they need as citizens or as emerging science professionals.
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Chapter 10
Analyzing Discursive Interactions in Science
Classrooms to Characterize Teaching Strategies
Adopted by Teachers in Lessons on
Environmental Themes

Ana Lucia Gomes Cavalcanti Neto, Edenia Maria Ribeiro do Amaral
and Eduardo Fleury Mortimer

Abstract The chapter analyzes discursive interactions in science classrooms to char-
acterize teaching strategies adopted by teachers when addressing environmental
issues. We studied classes taught at three different public elementary and secondary
schools in Escada, a town located in Pernambuco, Brazil. We analyzed six episodes
extracted from 6 of 28 video-recorded lessons involving three science teachers and
sixth and seventh grade students. Our analysis took into account discursive dynamics
proposed by Mortimer and Scott. We also considered teaching strategy interventions
whereby teachers exposed students to situations, phenomena, and scientific concepts
to promote science learning and to engage students in decision-making processes.
Our results show that the analysis of discursive interactions characterized various
teaching strategies in classrooms and revealed different aspects of science teaching
and learning that promote scientific literacy. For instance, interactive/dialogic com-
municative approaches seemed to encourage students to actively participate in class-
room discussions and engage in meaning making in regards to scientific concepts
and attitudes. Moreover, the content of classroom interactions involving different
perspectives seemed to support learning beyond conceptual dimensions and motivate
students to make decisions when faced with relevant socioscientific issues.
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10.1 Introduction

Environmental problems arising in the contemporary world have prompted science
educators and researchers to consider that the educational process should focus
more on environmental issues. A new rationale could lead to an emancipation of
culture and humanization that may allow for the emergence of innovative forms of
living around the world. Through this perspective, environmental education could
affect individual ways of life and should be conducted to promote attitudes and
skills such as awareness, knowledge, and capacity as defined by Medina (2003)
for evaluation and critical action in different contexts.

Science and environmental education share several aims when teachers bring
together environmental issues, scientific concepts, and models on the natural
world. In science education, it is important to teach students to serve as active citi-
zens, to fulfill certain roles, and to share responsibilities when faced with scientific
and technological issues related to the environment and society (Cachapuz, Praia,
& Jorge, 2002). According to Carvalho (2006), for environmental proposals,
scientific knowledge of nature and of its technological applications constitutes an
object of critical understanding as a form of cultural knowledge required to under-
stand socio-environmental relationships. In this chapter, we bring together conver-
gent perspectives on science and environmental education to identify teaching
strategies and discursive dynamics in science classrooms that can facilitate scienti-
fic literacy.

10.2 Literature Review

Roberts (2007) considers that scientific literacy is related to curriculum goals, and
it could characterize what school science should be all about and what school
should emphasize about science. He lists the aims and purposes of science educa-
tion, which generate conceptions of scientific literacy: (a) vision I: science education
with an inward focus – products (laws and theories) and processes (hypothesizing
and experimenting) and (b) vision II: science education involving situations wherein
science plays a role, such as decision-making on socioscientific issues. For vision I,
“goals for school science should be based on the knowledge and skill sets that
enable students to approach and think about situations as a professional scientist
would.” For vision II, “goals for school science should be based on the knowledge
and skill sets that enable students to approach and think about situations as a citizen
well informed about science world” (Roberts, 2007, p. 9). From the latter perspec-
tive, science education must involve more than information and concepts, as science
teaching is designed to address the formation of values and attitudes. The second
perspective has informed most science curricula around the world, including the
national curriculum used in Brazil. One goal of the Brazilian curriculum is to
develop abilities that help students view nature as a complex system whereby indi-
viduals in society act as agents who live in relation to the environment and to
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other living beings, sharing responsibilities to make the world a better place
(Brasil, 1998, 2006).

We argue that scientific literacy can complement perspectives on environmental
and science education (e.g., related to the vision II, proposed by Roberts (2007)).
In this case, the process of conceptualization involves fundamental relationships
between individuals and society and social, cultural, economic, and political issues
related to scientific knowledge. In this sense, environmental and science education
can lead individuals to become more aware and to help transform their social con-
ditions for the preservation and conservation of the environment. Norris and
Phillips (2003) argued for distinctions to be made between fundamental and
derived senses of literacy to show that conceptions of scientific literacy tend to
neglect the fundamental sense of literacy associated with skills related to reading
and writing scientific texts. Nevertheless, it is important to expand this concept
toward a more holistic view of literacy that is related to knowledgeability, learn-
ing, and education. In this way, science education can promote scientific literacy
when students engage in reading, writing, discussing, understanding, applying,
and making decisions on scientific, environmental, and social issues.

With regards to teaching approaches in environmental issues, according to
Cascino (2005), a naturalistic view of the environment often emerges in school
contexts dedicated to environmental education. Pedagogical approaches tend to
frame the environment as something to be understood based on laws of biology,
chemistry, and physics while raising questions on the impact of human actions on
nature (Carvalho, 2006). The naturalist view of the environment refers to the per-
ception of nature as a biological phenomenon, where systemic interactions follow
autonomously and independently of the social world, underpinning an understand-
ing of a natural world in opposition to the social world (Carvalho, 2006).
Carvalho (2006) states that a predominantly naturalistic view favors a limited
understanding of the environment based strictly on physical and biological fea-
tures despite interactions between the natural world and human culture. For us, it
seems that the naturalistic view of the environment facilitates vision I approaches
to science education as proposed by Roberts (2007).

In counterpoint to the naturalistic view, socio-environmental views are guided
by a complex and interdisciplinary rationale that involves thinking of the environ-
ment not as untouched nature, but as a field of interactions among culture, society,
and physical/biological dimensions of life processes, whereby all elements of such
relationships mutually change dynamics (Carvalho, 2006). According to this per-
spective, humankind interacts with the environment as one participant of a social,
natural, and cultural system of relations in which one component changes all
others. In a similar way, we can view nature as a product of relationships of appro-
priation and transformation that humans form among themselves, which are
mediated by work and development based on historical conditions (Tamaio,
2002). Socio-environmental views of the environment seem to favor vision II
approaches to science education.

Grace and Ratcliffe (2002) argued that approaches to environmental issues
require teachers to teach values that underlie science, environment, and society.
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They claim that this challenges teachers to make a pedagogical shift, and many
science teachers may find it difficult to do so. However, they cannot evade their
responsibility to explain issues that fundamentally affect human health and the
environment. Pedagogical strategies could lead students to learn scientific and
environmental issues by articulating different dimensions for learning: conceptual,
procedural, and attitudinal dimensions. Conceptual and procedural dimensions are
related to the emphasis in scientific contents and procedures, respectively; and atti-
tudinal dimension is related to the development of actions and values associated to
the studied themes (Pozo & Crespo, 2009). Teachers must determine what stu-
dents already know to design activities that challenge students, to create opportu-
nities for discussion, to offer formative feedback, and to openly discuss their
values and controversial issues (Dillon, 2012).

According to Haydt (1999), teaching strategies stand out as modes of interven-
tion that contribute to teaching and that can expose students to scientific concepts,
situations, or phenomena, thus enabling them to think about concepts, procedures,
attitudes, and values depending on teachers’ choices. Masetto (1997) highlights
that teaching strategies function as tools that teachers use in the classroom to guide
students toward learning outcomes, and then it gets success if they are embedding
instructional value. The adoption of appropriate strategies favors pedagogical out-
comes such as student participation and interest, group integration and cohesion,
student motivation, attention to individual differences, and the expansion of learn-
ing experiences. In relation to critical environmental education, Jacobi (2005)
states that teaching strategies can focus on changing habits, attitudes, and social
practices; skills development; evaluative capacity; and student participation.
Through such a process, discursive interactions established between teachers and
students in the classroom play an important role in helping teaching strategies pro-
mote science learning and scientific literacy.

In analyzing teaching strategies, we consider an analytical framework on dis-
cursive interactions in science classrooms proposed by Mortimer and Scott (2002,
2003), allowing us to examine social interactions that occur between teachers and
students in science classrooms and teachers’ means of promoting such interac-
tions. The analytical framework is based on five interrelated aspects that focus on
the teacher’s role, which are grouped into three dimensions: teaching focus (tea-
chers’ purpose, the content of classroom interactions), teaching approach (commu-
nicative approaches, patterns of interaction), and actions (teachers’ interventions).
We only discuss communicative approaches, patterns of interaction, and teachers’
interventions in this chapter.

The communicative approach focuses on ways in which teachers work with
students to address different ideas that emerge during lessons. Mortimer and Scott
(2003) have identified four classes of communicative approaches, which are
defined by categorizing the talk between teachers and students on two dimensions.
The first dimension represents a continuum between dialogic and authoritative
discourse, and the second dimension involves interactive and noninteractive talk.
In a dialogic communicative approach, attention is placed on more than one point
of view, more than one “voice” is heard, and an exploration or “interanimation”
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(Bakhtin, 1934/1981) of ideas occurs. In an authoritative communicative
approach, attention is placed on only one point of view, only one voice is heard
and there is no exploration of different ideas. An important feature of the distinc-
tion between dialogic and authoritative approaches is that a sequence of talk can
be dialogic or authoritative independent of whether it is uttered individually or
between people. Thus, under the second dimension, interactive talk allows for the
participation of more than one person, and noninteractive talk is performed by
only one person. These two dimensions can be combined to create four classes of
communicative approaches: (1) interactive/dialogic: teacher and students explore
ideas; formulate authentic questions; and offer, consider, and work with different
points of view; (2) noninteractive/dialogic: teacher reconsiders, in her speech, var-
ious points of view, highlighting similarities and differences; (3) interactive/
authoritative: teacher generally guides students through a sequence of questions
and answers, with the aim of reaching a specific point of view, typically one that
supports school science; (4) noninteractive/authoritative: teacher presents a speci-
fic point of view, normally one that supports school science.

Patterns of interaction specify how a teacher and his or her students take turns
in the classroom talk. It is helpful to evaluate whether interactions promote student
engagement in classroom discourse. The most common patterns of interaction are
I-R-E triads (Initiation by the teacher, Response by the student, and Evaluation by
the teacher), but other patterns are also present in classrooms. In these patterns, a
teacher offers a response to a student to prompt a further elaboration of their point
of view and to thereby sustain interaction. In this way, the student is encouraged
to elaborate on and explicitly outline their ideas. In some interactions, a teacher
may prompt students to discuss through short interventions that often repeat part
of what a student has just said or otherwise offer feedback for a student to explain
his or her perspective further. These interactions generate chains of nontriadic
turns (e.g., I-R-P-R-P … or I-R-F-R-F …) where P denotes a discursive action
that prompts a student to talk and where F denotes feedback. Here, feedback is dif-
ferent from evaluation because it favors interactions between teacher and students
to keep going. Evaluation, on the contrary, stops the chain of communication.

The final feature of the analytical framework presented by Mortimer and Scott
(2003) focuses on ways in which a teacher intervenes to develop a scientific story
and to make it available to all students in a class. In this chapter, we use these
forms of intervention to characterize didactic strategies used by teachers in their
classrooms. From Mortimer and Scott (2003), we characterize six forms of teacher
interventions in terms of teacher focus and actions that correspond to: (1) shaping
ideas, whereby a teacher’s action can introduce a new term or paraphrase a stu-
dent’s response; (2) selecting ideas, whereby a teacher can focus attention on a
particular student’s response or overlook a student’s response; (3) marking key
ideas, whereby a teacher can repeat an idea; (4) sharing ideas, whereby a teacher
can share individual ideas with a class; (5) checking students’ understanding,
whereby a teacher can solicit clarification on a student’s idea; (6) reviewing,
whereby a teacher can review activities of a previous lesson or the progress of the
scientific story.
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From the structure presented above, our analysis of discursive classroom inter-
actions enabled us to characterize ways in which teachers interact with students in
constructing meaning. This characterization seems to be essential to understanding
how teaching strategies used by science teachers can promote scientific literacy.

10.3 Methodology

We employed a qualitative approach to our methodological design. The investiga-
tion involved three teachers of Biology (T1, T2, and T3), in three classes of sixth
(T1), seventh (T2), and sixth (T3) grades, each one attended by about 25 students,
in three different public schools across Escada, a town located in Pernambuco,
Brazil. The teachers have the following professional profiles (Table 10.1).

We selected for analysis lessons in which teachers discuss environmental
themes in the classroom. Data were collected from the video-recorded lessons.
Various tables were constructed to illustrate the timing, activities, actions, themes/
contents, and comments for each lesson. These tables provided an overview of the
lessons, situating the analyzed episodes within full lessons. Our definition of epi-
sode is an adaptation of event definition in the tradition of interactional ethnogra-
phy. Thus, an episode is defined as a coherent set of actions and meanings
produced by the participants in interaction, which has a clear beginning and end
and which can be easily discerned from the preceding and subsequent episodes.
The episodes represent moments during the lessons whereby environmental
themes emerged through discursive classroom interactions. From the selected les-
sons, six episodes were extracted and transcribed for analysis – two episodes for
each teacher – and they were organized by numbering turns of speech. We refer to
teachers (T1, T2, and T3) and students (S1, S2, S3, …) using initials and numbers.
In Table 10.2, we present all of the episodes analyzed for this chapter.

In the study, we considered segments of episodes, represented by a set of turns,
that depict different teaching strategies used by the teachers and discursive aspects
that characterize interactions promoted during a specific moment of a lesson.

Table 10.1 Professional profiles of the teachers who participated in the study

Teacher Formation: undergraduate/
specialization courses

Teaching experience Number of
analyzed lessons

T1 Science Teachers of Biology/
Environmental Science

Elementary and
secondary school for
15 years

Two from 14
recorded lessons
for grade 6

T2 Science Teachers of Biology/
Biological Sciences

Secondary school for
13 years

Two from six
recorded lessons
for grade 7

T3 Science Teachers of Biology/Science
and Biological Teaching and Adult
Education

Secondary school for
10 years

Two from six
recorded lessons
for grade 6
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Due to space limitations, we only present the transcription for episode 1.1 in this
chapter. However, all of the episodes are examined in our discussion of the
results.

10.4 Results

We organize our results by presenting the episodes analyzed for each teacher and
by then summarizing our overall analysis of the study data.

10.4.1 Teacher T1

In episode 1.1, T1 had the intention to introduce and develop scientific views by
facilitating an understanding of soil degradation and pollution processes resulting
from deforestation and burning. The teacher used, as teaching strategies, question-
ing, reading the textbook, and oral presentation (when teacher exposes contents to
the students mainly by verbal language), as shown in the transcription for
episode 1.1.

Episode 1.1 Discussion on soil degradation and agricultural practicesa

Turns Pattern of interactions

1. T1: How have human beings contributed to soil degradation?
Can someone guess? Nobody knows ((The class is quiet; the
teacher picks up a book)). Let’s take a look at the textbook, let’s go!
(++++) ((Before the pause, the teacher asks the students to read the
book excerpt)).

I – Initiation

2. READING FROM THE TEXTBOOK: Currently, ineffective
agricultural practices degrade and pollute thousands of tons of soil
worldwide.

3. T1: Check this out briefly … right? Most soil degradation occurs
when vegetation is removed. You see, there are agricultural practices.

I – Initiation

(continued)

Table 10.2 Episodes analyzed

Teacher ID episode Discussion topic

T1 1.1 Soil degradation and agricultural practices

1.2 Soil pollution and prevention measures

T2 2.1 Human effects on ecosystems

2.2 Prevention of human effects on ecosystems

T3 3.1 School waste

3.2 Environmental conservation actions
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(continued)

Turns Pattern of interactions

Do you know what agricultural practices are? S1 says here ((points
to student 1 and asks him to explain)).

4. S1: Agriculture R – Response

5. T1: Agriculture, isn’t it? This involves the planting of foods that
are essential to us, right? Soybeans, wheat, rice, etc. in many cases,
right? This agricultural practice, right? It can harm and degrade the
soil. What happened thousands of years ago? Were cities the same as
they are today? No! Right? Long ago, going back in history, when
Brazil was first discovered, I’m going to talk about Brazil, our
country, when we arrived here in Brazil. When they (colonizers)
arrived here, was Brazil the way it is today?

E – Positive evaluation
I – Initiation

6. S: No R – Response

7. T1: Was the population as large as it is today? I – Initiation

8. S: No R – Response

9. T1: No, and consequently our soils and natural environments
weren’t as they are today, right? The population grew, development
occurred and people started to need more places to live – buildings
and houses, right? Progress occurred – development and industry,
right? Also, the need for agriculture and cattle ranching … what is
cattle ranching? Can anybody tell me? Agriculture, (you) already
know that involves plantation, but cattle ranching? (+++) Anyone
remember? Have you never heard that word before? (++++) Okay,
cattle ranching involves livestock on a farm. There can be cows,
bulls, pigs, horses, etc., right? Often, vegetation is used as
pastureland for these animals, and this can damage the soil. But back
to what we were talking about before, check it out, what happened?
There was a need … ((teacher points to someone near the door).
There was a need for construction. Building became necessary to
do … what? Someone must ….

E – Positive evaluation
I – Initiation

10. S1: Plant trees R – Response

11. T1: What was needed to plant trees? Repeating the
question, meaning
E – Negative
Evaluation

12. S2: Cutting down trees R – Response

13. T1: Cutting down trees, is this clear? ((Teacher reinforces the
student’s response)). This raises the issue of deforestation, which is
highlighted in your book and which also contributes to soil
degradation. So is it deforestation? Is the meaning clear? What does
this mean? What?

E – Positive evaluation
I – Initiation

14. S3: Cutting down trees R – Response

15. T1: Cutting down trees. And, many times…. E – Positive evaluation
I – Initiation

16. S3: Destroying … R – Response
(continued)
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(continued)

Turns Pattern of interactions

17. T1: Somehow, it is destroyed. So why does this happen? You see
I’m not against progress. We cannot be against progress, as it is
necessary. But unfortunately, it brings, in some ways, destruction to
nature, and consequently to the soil. You see, as I was saying, this is
the purpose of deforestation. For people to actually build on and
populate a place, it must be cleared. This was a necessity, but we
ended up destroying the soil. In addition to deforestation ((writing
the word on the chalkboard)), what is the other item we have here?
((Referring to the textbook)) deforestation, what else? Another item?
((Asks students look at the textbook)).

E – Positive evaluation
I – Initiation

18. S4: Erosion R – Response

19. T1: Other point … erosion, this will come later (in the lesson). I
am checking up there (the teacher points to a theme described in the
textbook)). Deforestation we already see, but there is another point
next to it.

F – Feedback

20. S: Forest burning R – Response

21. T1: Exactly, forest burning. Actually, forest burning from
deforestation, right? Why? Because people … ok. I am going to
provide an example. Here in our town, what happens at a sugarcane
plantation? What do people do (in soil) before cultivating sugarcane?

E – Positive evaluation
I – Initiation

22. S: Burn R – Response

23. T1: Burn. Do you think this is necessary? In some ways it is, but
does it harm or benefit the soil?

E – Positive evaluation
I – Initiation

24. S: Harm R – Response

25. T1: It will cause harm because (burning) degrades more and
more (soil), killing microorganisms. Soil supports many living
things, right? Right? Many living things live in soil, and so burning
forests kills these microorganisms and other animals, right?

E – Positive evaluation

26. S1: And (it) pollutes the air. I – Initiation
aConventions used in the transcription:
(+) – pauses;
( ) – insertions from authors;
(( )) – comments from authors;
…. – inconclusive speech or hesitation;
(…) – speech omission
CAPS LOCK – emphasis

In episode 1.1, the teacher focused the content of classroom interactions on a
conceptual level by checking the students’ comprehension of deforestation pro-
cesses, agricultural practices, forest burning processes, etc. (turns 13–21), though
not in the case of forest burning methods for cultivating sugarcane, for which a
local case was highlighted (turn 21). This approach can be used to develop an
understanding of the environment that is associated with the utilization of natural
resources without considering an important dimension related to permanent inter-
actions between the natural world and human culture.
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The interactive–authoritative communicative approach was used in this episode.
A focus on two enunciators – the teacher and textbook – contributed to an empha-
sis on the school science perspective in the discursive interactions. Student partici-
pation was restricted, as interactions permitted by the teacher only allowed
students to speak briefly and to guess what she was thinking (see turns 9–12 and
17–21). In a general sense, students expressed ideas that reinforced what the tea-
cher put forward in the discussion as supported by the textbook used. Patterns of
interaction involved IRE triads (I-R-E (3-5); I-R-E (13-15), I-R-E (21-23) and I-R-
E-I (23-26)) and one short chain (I-R-F-R-E (17-21)).

Several teacher’s interventions were used to introduce agricultural practices as
a cause of soil degradation. She asked the students to read an excerpt from the
textbook featuring this idea (turn 2) and highlighted key points that support the
view that soil degradation is a reflection of human actions. In the following turns
(3–26), the teacher mainly focused on meanings related to scientific perspectives,
highlighting key terms while repeating statements to the students (turns 5, 10, 13,
15, 21, 23, and 25), selecting meanings when responding to a student, and refer-
ring to another perspective expressed in the textbook before discussing the issue
of “erosion” (turn 19). In this case, it seems clear that the textbook guided the tea-
cher’s discourse in the classroom.

It is important to highlight that the teacher drew attention to certain meanings
(turns 11–17), leading students to think about negative effects of deforestation.
She states that it is necessary to clear-cut areas so that humans can build homes,
farms, offices, and so on. However, she does not facilitate dialogic interactions
with the students when discussing opportunities for human beings to live in the
natural world in a harmonious and respectful way. Despite the teacher’s intention
to pose questions on this particular theme, a naturalist view of the environment
prevailed in the teacher’s discourse.

10.4.2 Teacher T2

During the two lessons, the teacher described human effects on ecosystems, and
students gave oral presentations on different roles or ways in which human beings
can preserve the environment using posters that they had created.

For episode 2.1, we observed that the teacher mainly adopted oral presentation
as a teaching strategy. During the episode, T2 presented a brief review of prior les-
sons and asked students to read and present textbook excerpts to facilitate class
discussions. In doing so, it seemed that teacher’s intention was to introduce scien-
tific ideas on ecosystem degradation and to then explore the students’ views
through their presentations on these ideas. The content of classroom interactions
addressed a conceptual dimension when the teacher cited excerpts from the text-
book and a procedural dimension when students engaged planned actions related
to environmental issues.
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In the final moments of episode 2.1, the teacher seemed to reinforce a negative
view of the relationship between human beings and the natural world. It is impor-
tant to highlight that views that explain the origins of Earth, supported by faith in
a Creator who conceived all the things in Universe (creationist view), seem to
reinforce a negative view of human effects on the environment: “… we review
how Earth was constructed … appeared. How God, the creator, gave this planet to
man, right? We commented on all of these things … how we received Earth from
God, and how science states how it was formed … It was beautiful … natural …
without human effects. So what happened? God created man to master all
things … and so now, Earth has adapted to this situation” (T2 in episode 2.1).
This comment suggests that the teacher found it difficult to present a rational and
critical view of environmental issues.

The communicative approach employed was predominantly noninteractive/
authoritative, as the teacher adopted mainly oral presentation as her teaching strat-
egy. When students presented ideas based on textbook excerpts, an interactive/dia-
logic approach was used in the classroom, as the teacher interacted with students
during their presentations. At least two points of view emerged through the discur-
sive interactions: the scientific view, which is represented by ideas presented in
the textbook used, and the student’s ideas. For example, S2 stated: “And so, with
the way that mankind is damaging nature, even human beings could become
extinct. But, if man does not make certain products like chairs, beds, and ward-
robes, how could we survive without a seat or bed? That’s one thing I want to
know … ((asking the teacher)).” The teacher addressed this question by describing
ways in which humankind can intelligently use natural resources without dama-
ging the environment. Despite the occurrence of student participation, interactions
between the teacher and students followed triadic patterns of interaction, with
more than one response provided by the students and with the teacher listening to
them before closing the discussion through an evaluation. The students often lim-
ited themselves to expressing their ideas, but they did not comment on the tea-
cher’s evaluation. In this sense, scientific views prevailed in the face of student
questioning or misunderstanding, and the textbook played a predominant role in
the lesson.

In episode 2.1, T2’s interventions involved reviewing the development of
scientific ideas and sharing and selecting meanings oriented toward a view of the
environment as separate from human issues. This view holds institutions responsi-
ble for addressing environmental issues without consideration of the roles played
by individuals in this context.

In regards to episode 2.2, we highlight a moment when the students’ presenta-
tions were concluding and the teacher tried to organize conclusions of the discus-
sion raised in the previous lesson. Some concluding ideas appeared to emerge
through a poster presented by student S4: “As we can see, here we have the first
figure ((points to the figure)) of wheat crops. Wheat is very important to our lives.
However, this is very different from the first frame ((points to the other figure)).
Here, he (the farmer) is only clearing the forest. If he had already planted wheat
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with his wisdom, we can understand why he destroyed the forest and the trees of
the forest to plant wheat. From his wisdom, he cleared trees and planted wheat
(…).” It seems that the teacher argued that deforestation can be defensible if it
involves growing crops, and she used this case as support for this claim. In the
other hand, she highlighted the roles played by institutions and human beings in
preserving the environment: “If we help human beings be conscious and aware of
our negative effects on nature, we will have a better world.” T2’s position on the
exploitation of natural resources by human beings is not clear. Opportunities and
controversies involving human uses of natural resources were not addressed.

10.4.3 Teacher T3

In the two lessons, T3 explored issues of school waste and environmental conser-
vation. In episode 3.1, the teacher returned to the theme of school waste and asked
questions to have students reflect on causes of other environmental problems (e.g.,
forest burning, deforestation, poverty, disease, violence, waste, consumerism) and
on ways to address and overcome such problems.

The teacher T3 adopted questioning as a teaching strategy throughout the epi-
sode. She guided and engaged students in a classroom discussion, thus encoura-
ging them to think about environmental issues and social compromises. The
content of classroom interactions predominantly focused on the attitudinal dimen-
sion, helping students make decisions and perform critical actions supported by
concise arguments.

The communicative approach used in episode 3.1 was interactive/dialogic, as
throughout the episode, the teacher and students expressed ideas, and different
points of view were taken into account through a discussion. In this sense, much
of the time, extended chains prevailed as patterns of interaction as shown in the
excerpt from episode 3.1 (turns 4–10):

Excerpt from episode 3.1: Illustrating extended chains

Turns Patterns of
interaction

…
4. S1: We have to collaborate. R – Response

5. T3: We have to collaborate, but in what way? P – Prompt

6. S2: By not littering? R – Response

7. T3: But is just not littering collaborating? Could we do more? P – Prompt

8. S3: By not polluting the rivers and air. R – Response

9. T3: Yes – not polluting the air, not polluting the rivers, and not
littering. We can do something to change this (situation), can’t we?

P – Prompt

10. S: We can. R – Response

…
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When the teacher offered her students feedback, she encouraged them to reply
to questions on their responsibilities related to the environment. The teacher’s
interventions suggest that she framed meanings while the students expressed their
ideas, identified key ideas (turn 5), shared meanings (turn 9), and measured the
students’ comprehension by asking them to elaborate on their ideas (turn 7).

In episode 3.2, the teacher posed questions about dengue fever and about areas
where there is a higher incidence of this disease. In doing so, she prompted her
students to think about causes and consequences of this social, health, and envir-
onmental problem. The teacher prompted interactions between the students by
questioning and measuring their level of understanding. Her students then pre-
sented their ideas on environmental issues affecting daily life. In this case, they
discussed dengue fever and school waste. Finally, the teacher asked her students
to reflect on their ideas.

10.5 Discussion

Results point out particular characteristics for each teacher involved in this
work. For teacher T1, our analysis of episode 1.1 shows that the didactic strat-
egy adopted by this teacher mainly involved oral presentation to textbook con-
tent. In this case, the didactic strategy did not appear to promote effective
discussion on themes introduced during the lesson. These discursive features
characterize T1: the teacher’s intention was to focus heavily on the presentation
of scientific views on the themes, the content of classroom interactions was lim-
ited to the conceptual dimension, communicative approaches were mainly inter-
active–authoritative, and patterns of interaction were predominantly triadic
(IRE) with only one short chain. In episode 1.2, T1 sought to enable students to
reflect on negative effects of forest burning on soils. She discussed ways to pre-
vent such environmental consequences, guiding students using scientific per-
spectives. In the discussion, there was an emphasis on pollution as a principal
result of human actions related to garbage disposal. Again, the teacher adopted
predominantly oral presentation strategies while maintaining a conception of
society–nature relationships that was essentially naturalist, and even when she
described behaviors that can promote environmental preservation. Patterns of
interaction were, again, IRE triads and the content of classroom interactions was
predominantly conceptual.

During the two lessons, we verified that teaching strategies adopted by T1 did
not enable students to develop a greater appreciation for different ideas throughout
the construction of meanings. The predominantly authoritative communicative
approach emphasized the school science views on environmental issues, disallow-
ing the emergence of different perspectives. This appears to hinder the develop-
ment of educational services for citizens and goals of environmental education.
Triadic patterns of interaction prevailed during these lessons. The teacher initiated
all interactions, students were afforded few opportunities for participation and the
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teacher’s evaluation did not allow students to develop critical ideas. Table 10.3
shows a summary of the analysis on teacher T1.

In the two lessons, the teacher T2 used strategies that seemed to consider more
than one point of view in discussions, as students were allowed to present their
ideas. Effective student participation through oral presentations promoted an inter-
active/dialogic communicative approach. However, T2 did not promote a deep dis-
cussion on the themes, highlighting difficulties that can arise when developing
values required to make critical decisions on environmental issues. This seemed to
cause teacher T2 to focus the content of classroom interactions on conceptual
dimensions and to limit interactions with students to triadic patterns. In this case,
the interactive–dialogic communicative approach was limited, supporting weak
interactions and superficial discussions. Table 10.4 presents a summary of the ana-
lysis on teacher T2.

In general, teacher T3 adopted teaching strategies that guided students through
environmental education, questioning, study activity proposal, and supervision
when she emphasized two dimensions in classroom interactions: conceptual and

Table 10.3 Summary of the analysis of teacher T1: discursive aspects and teaching strategies

Teaching strategy Oral presentation Reading Questioning

Main discursive features

Teacher’s intention Introducing and
developing a scientific
perspective
Promoting discussion
Guiding students on
scientific ideas

Introducing and
developing a scientific
perspective
Promoting discussion

Introducing and
developing a scientific
perspective
Promoting discussion
Guiding students on
scientific ideas

Content of
classroom
interactions

Conceptual Conceptual Conceptual

Communicative
approach

Noninteractive/
authoritative
Interactive/
authoritative

Noninteractive/
authoritative

Interactive/
authoritative

Teacher’s
interventions

Selecting meanings
Marking key
meanings
Sharing meanings
Shaping meanings

Sharing meanings
Marking key
meanings

Patterns of
interaction

Episode 1.1
I-I-R-E (1-5); I-R-E (13-15); I-R-E (21-23) and I-R-E-I (23-26) – and
one short chain – I-R-F-R-E (17-21)
Episode 1.2
I-R-F-R-F-R-E (1-9); I-R-E (9-11); I-R-E (11-13); I-R-E (13-15); I-R-E
(15-17); I-R-E (17-19); I-R-E (19-21); I-R-E (21-23); I-R-E (23-25);
I-R-R-E (25-28); I-R-E (28-30);
I-R-F-R-E (30-34); I-R-R-E (34-37); I-R-E (37-39); I-R-F-F-F-E (39-43).
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attitudinal. These teaching strategies promoted student participation and the dis-
cussion of different perspectives circulating through the classroom discussion.
Such strategies also helped students make critical and sound decisions. Interactive/
dialogic approaches were used in conjunction with interactive/authoritative com-
municative approaches during the analyzed episodes. Patterns of interaction predo-
minantly included extended chains whereby feedback seemed to prompt students
to think about the relevance of such themes and about their engagement in search-
ing for solutions to environmental problems. Pedagogical positions related to
socio-environmental views were adopted by teacher T3. Table 10.5 summarizes
our analysis of episodes for teacher T3.

According to these results, the three teachers adopted different teaching strate-
gies and discursive dynamics in their lessons. In addition, each teacher seemed to
express a specific view on the environment. We summarize these results in
Table 10.6.

Table 10.6 illustrates features related to teaching strategies and discursive
dynamics in the analyzed lessons that facilitate or inhibit the development of
scientific literacy in science and environmental education. In putting forward
socioscientific and environmental issues in classroom discussions, the teachers did
not necessarily help students develop skills and competencies associated with
scientific literacy. In addition, it is not desirable for teachers’ academic or scienti-
fic views prevail in discussions (see teacher T1). For scientific literacy in a funda-
mental sense (Norris & Phillips, 2003), it is not enough for students to read
textbooks or make oral presentations, and it seems crucial to encourage critical
debates touching on different points of view to achieve meaningful learning
outcomes (see teacher T2). Finally, teach T3’s socio-environmental views based

Table 10.4 Summary of the analysis on teacher T2: discursive aspects and teaching strategies

Teaching strategies Oral presentation Oral presentation by
students

Main discursive features

Teacher’s intention Introducing and developing scientific
ideas
Supporting the student learning process

Exploring students’
ideas

Content of classroom
interactions

Conceptual Conceptual
Procedural

Communicative approach Noninteractive/authoritative
Noninteractive/dialogic

Interactive/dialogic

Teacher’s interventions Reviewing the progression of scientific
ideas
Sharing meanings
Selecting meanings

Sharing meanings

Patterns of interaction Episode 2.1
I-R-R-R-R-R-E (1-7); I-R-E (7-9); I-R-F-R-R-R-R-R-R-E (9-17);
Episode 2.2
I-R-E (1-3)
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Table 10.5 Summary of the analysis on teacher T3: discursive aspects and teaching strategies

Teaching strategies Questioning Proposing and
supervising study
activities

Main discursive features

Teacher’s intention Helping students engage in study activities
Promoting discussions on environmental
issues and social commitment
Developing arguments to help students
make decisions

Motivating students to
plan actions

Content of
classroom
interactions

Conceptual
Attitudinal

Conceptual
Attitudinal

Communicative
approach

Interactive/dialogic
Interactive/authoritative

Interactive/dialogic
Interactive/authoritative

Teacher’s
interventions

Shaping ideas
Marking key meanings
Sharing meanings
Checking student understanding

Shaping ideas
Sharing meanings
Marking key meanings

Patterns of
interaction

Episode 3.1
I-R-F-R-F-R-F-R-F-R-F-R-F-R-E (1-15); I-R-R-F-R´F-R-E (15-22);
I-R-E (22-24); I-R-F-R-F-R-F-R-F-R-F-R-F-R-F-R-R-F-R-F-R-F-R-E
(24-47).
Episode 3.2
I-R-F-R-F-R-F-R-E (1-7); I-R-E (7-9); I-R-F-R-E (9-13); I-R-E (13-15);
I-R-E (15-17); I-R-E (17-19); I-R-F-R-E (19-23); I-R-E (23-25); I-R-F-
R-F-R-E (25-31); I-R-E (31-33); I-R-E (33-35); I-R-F-R-F-R-E (35-41);
I-R-E (41-43).

Table 10.6 Teaching strategies and discursive dynamics found for the three teachers

Teacher/environmental view Didactic
strategies

Content
approach/patterns
of interaction

Communicative
approach

Teacher T1/naturalistic Reading the
textbook
Oral
discussion

Conceptual/
triadic

Interactive–
authoritative

Teacher T2/Creationist view; the
environment is separated from human
beings

Oral
discussion
Oral
presentations
by students

Conceptual and
Procedural/triadic

Noninteractive/
authoritative

Teacher T3/Socio-environmental Questioning Conceptual and
Attitudinal/
extended chains

Interactive/
dialogic
Interactive/
authoritative
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on dialogic communicative approaches established from patterns of interaction in
extended chains and based on questioning on conceptual and attitudinal dimen-
sions of the content seemed to help students discuss environmental issues, funda-
mentally supporting scientific literacy.

Some teaching strategies (e.g., questioning) improved discursive interactions in
science classrooms by creating opportunities for discussion and debate.
Nevertheless, questioning does not guarantee that the students’ points of view will
be taken into account in classroom discourse. When questioning is based mainly
on triadic patterns of interaction, as was the case for T1, communicative
approaches employ a predominantly authoritative and interactive dimension and
questioning serves mainly to measure and control meanings introduced in class-
room discourse. By contrast, when questioning allows students to express their
points of view, as was the case for T3, chains of interaction occur and communica-
tive approaches are predominantly dialogic and interactive.

We highlight two relevant factors from the results of this investigation. First, the
teachers’ views on the environment – whether naturalistic, not well-defined, or
socio-environmental – appear to guide teaching strategies in science classrooms,
mainly regarding the content introduced and opportunities for students to express
their ideas, as allowed by the teacher. There is not a necessary relationship between
dialogic communicative approaches and socio-environmental views and between
authoritative approaches and naturalistic views. As we have shown, T2 presented a
not well-defined view but used a dialogic communicative approach. Nevertheless,
the use of attitudinal content seems to improve opportunities for dialogic communi-
cation and brings about socio-environmental views in classroom discourse.

Second, interactive/dialogic communicative approach played a key role in
engaging students in classroom discussions, and they appeared to favor the devel-
opment of attitudinal dimensions for learning, although they did not guarantee
such an outcome. In the same vein, we consider patterns of interaction in extended
chains that promote dialogic interaction, which other works have examined
(Aguiar, Mortimer, & Scott, 2009; Scott, Mortimer, & Aguiar, 2006).

10.6 Final Remarks

This work presents an analysis of didactical strategies and discursive dynamic
adopted by teachers when they approach environmental issues in classroom, bring-
ing together ways of integrating science and environmental education. In this
sense, it seems necessary to engage students in dialogic and interactive discussions
that offer them opportunities to learn, analyze, form positions, identify solutions,
and make decisions in real life that are supported by scientific knowledge.
According to this perspective, science curricula should not only be concerned with
scientific content but also with values, cultural norms, ethics, policies, and social
demands, guiding teachers and schools toward the development of scientific lit-
eracy in a fundamental sense.
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Chapter 11
Measuring Time. Multilingual Elementary
School Students’ Meaning-Making in Physics

Britt Jakobson, Kristina Danielsson, Monica Axelsson and Jenny Uddling

Abstract This chapter presents results from a study aiming at investigating multi-
modal classroom interaction and its contribution to multilingual students’
meaning-making. The focus is on how science content is elaborated and nego-
tiated through various semiotic resources. Data consist of video and audio record-
ings and digital photographs from a multilingual elementary school physics
classroom during the unit “measuring time.” Theoretically, the project takes its
stance in social semiotics and pragmatist theory. Data are analyzed through
systemic functional linguistics, multimodal analyses, and Dewey’s principle of
continuity. The results reveal that the teacher and the students were engaged
in meaning-making activities involving a variety of semiotic resources with a
potential to develop multilingual students’ scientific literacy. However, some
observations indicate classroom practices that might constitute a hindrance for
meaning-making. The study has implications for ways of promoting scientific lit-
eracy, including learning science, competent action, and communicating through
different modes.
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The discourse of science comprises a specialized language often described in
terms of linguistic density, a high degree of abstractness, and a need for students
to handle multiple resources for meaning-making in parallel (Fang &
Schleppegrell, 2008; Halliday & Martin, 1993; Lemke, 1998), all of which can be
challenging for the learner. For multilingual students, science and its specialized
language might be even more distant from their own lives if they learn science in
their second language.

This chapter presents results from a project funded by the Swedish Research
Council, aiming to study classroom interaction and its contribution to multilingual
students’ meaning-making in science. Our point of departure is the fact that
meaning-making is always multimodal (Kress, 2010), not the least in science edu-
cation (Danielsson, 2016; Kress, Jewitt, Ogborn, & Tsatsarelis, 2001; Lemke,
1998). Also, Lemke (1998) claims that a variety of semiotic resources need to be
used in the science classroom, since each resource can contribute to the content in
specific ways, and since a certain level of redundancy is needed in the learning
situation. We consider a conscious use of various semiotic resources to be particu-
larly important for enhancing multilingual students’ opportunities to develop
scientific literacy. Much of previous research has dealt with either multimodality
in science classrooms or linguistic aspects of science learning, sometimes from a
perspective of second language learning, while fewer studies combine these two
perspectives (Zhang, 2016).

The specified research question for the present study addresses how science
content is elaborated and negotiated multimodally in a multilingual classroom,
with combinations of semiotic resources such as spoken or written language, mod-
els, and action. Through our multimodal perspective, we aim at giving a multi-
faceted characterization of classroom communication and the ways in which
meaning-making takes place through the use of different resources. The results are
discussed with regard to students’ opportunities for developing scientific literacy,
here including learning science, competent action in the science classroom, and
communicating through different modes.

11.1 Theoretical Perspectives

Theoretically, the project takes its stance in social semiotics (Halliday &
Matthiessen, 2004; Jewitt, 2017; Kress, 2010) and pragmatist theory (Dewey, 1938/
1997; Wickman, 2006). From a social semiotic perspective, each choice of resource
for meaning-making is seen as a result of social, cultural, and situational factors in
the context in which the communication takes place, including participants and
available semiotic modes and resources. The choice of resource concerns choice of
semiotic mode (e.g., speech, writing, gesture), or combinations of modes, as well as
choice of particular resource within each mode, such as choice of specific verbal
formulation or gesture. A central concept in multimodal analyses is the notion of
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modal “affordance” (Gibson, 1977; Kress, 2010), here defined as the potential for
meaning-making or potentials and limitations of modes (Kress, 2010, p. 84).

Dewey’s (1938/1997) principle of continuity means that in any meaning-
making situation, earlier experiences are reconstructed and transformed for a pur-
pose, something which has consequences for the present and future situations.
Hence, meaning-making is continuous, but might not always take the route
intended by, for example, a teacher (Lave, 1996; Wickman, 2006). Continuity can
be seen in how students proceed in action, using language and other resources,
and how they relate this to the purpose of the learning activity. In accordance with
Dewey’s (1938/1997) principle of continuity, Johansson and Wickman (2011)
have outlined the significance of purpose for learning science. They differentiate
between ultimate (overall) and proximate (student centered) purposes. Thus, conti-
nuity can be analyzed as a function of the extent to which classroom interaction
and the use of resources are coherent with the purposes of the activity.

11.2 Methodology and Analytical Framework

We present results from an 80-minute-long group session involving 9 students,
5 girls and 4 boys (out of 16), in a grade 5 Swedish elementary school classroom
(students around 11 years old). The school is linguistically and culturally diverse,
located in a suburban area. All students are multilingual with various linguistic
backgrounds (e.g., Arabic, Somali, Turkish, Bulgarian) and varied proficiencies in
Swedish. The language of instruction is Swedish (in the following, examples given
have been translated into English). The teacher is an experienced elementary
school teacher, educated in science teaching and Swedish as a second language.
The analyzed lesson deals with the sundial, and it is the seventh in a total of 22 les-
sons within the unit measuring time, which was followed by the research team.
The overall unit was structured in accordance with the Swedish version of Science
and Technology for Children (NTA, 2005). The chosen lesson is representative of
the unit as regards structure and ways of dealing with content and resources for
learning. The teacher commonly recapitulated the prior lesson and connected to
earlier discussions on the topic at hand. Thereafter, the teacher continued by using
some artefacts to illustrate the actual phenomenon and introduced hands-on activ-
ities and/or reading and writing tasks.

The data consist of video and audio recordings, digital photographs, and stu-
dents’ written texts. The project adheres to the ethical principles outlined by the
Swedish Research Council (2016) concerning information to the participants, the
requirement of consent, confidentiality, and the use of data for research purposes
only. For the sake of anonymity, all students have been assigned pseudonyms.

The data is analyzed through systemic functional linguistics (SFL), multimodal
analysis, and Dewey’s principle of continuity. On the basis of these analyses, we dis-
cuss the ways in which different resources are used in whole class communication
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and small group discussions, respectively, and to what extent teacher-led classroom
discussions around the use of different semiotic resources take place.

In order to capture what resources are used for meaning-making, as well as
how they are used, a framework developed for multimodal text analysis by
Danielsson and Selander (2016) has been used. In this chapter, we focus on the
aspects of the model concerning general structure and the interaction between
resources for meaning-making. The model also includes how values are expressed
through different resources. In this chapter, we comment on the norms about how
to act that can be discerned through our analyses.

Our analyses start with the general structure of the lesson, including thematic
orientation and sequencing (Danielsson & Selander, 2016). First, the ultimate
(overall) purpose of the unit is described, followed by comments on the proximate
purposes of the lesson (Johansson & Wickman, 2011). Then we describe the over-
all design of the lesson according to a number of activities that were noted. For
each activity, we specify the semiotic resources used and the content made avail-
able through them.

In regard to the interaction between resources for meaning-making in the
framework, we start off by presenting and analyzing multimodal ensembles (com-
binations of resources in different semiotic modes that form an entity) with special
focus on a central learning sequence which included spoken and written language
as well as hands-on activities. We specifically examine the process when students
created multimodal texts. Then we examine, in turn, the use of written and spoken
language, a hands-on activity, and models and wordplay. The use of gestures is
commented on in relation to multimodal ensembles and a wordplay that the tea-
cher introduced at the beginning of the lesson.

Regarding written and spoken language, analyses based on systemic-functional
linguistics (Halliday & Matthiessen, 2004) were made to investigate how registers
came into play in spoken and written texts. Register is defined as a “functional
variety of language” related to a specific context (Halliday & Matthiessen, 2004,
p. 27), characterized by certain lexico-grammar resources that are privileged and
used for meaning-making in the context. Different subject domains, like science,
have specialized registers. Learning can be seen as a development in register and a
growing ability to “handle the meaning requirements of situations which are
increasingly abstract and complex” (Macken-Horarik, 1996, p. 247).

Moreover, central to our analyses is to what extent different resources are con-
tinuous, or coherent with the purposes of the activity.

11.3 General Structure and Setting: The Lesson

The ultimate purpose of the lesson, which was expressed at the beginning of the
unit measuring time, was for the students to learn about how people have mea-
sured time through history and to be able to account for the use of different tools.
The teacher had intended to let the students investigate shadows caused by the sun
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by studying them outside, but since it was cloudy she let the students do indoor
activities. During the lesson, several proximate purposes were expressed by the
teacher. One was to learn how gnomons work and that they were tools for measur-
ing time. However, as the weather was cloudy the measuring activity had to be
performed in-doors. Accordingly, this proximate purpose was expressed as “we
have to pretend a little that we’ve had it [the sun] inside here today”. However,
this proximate purpose was not continuous with the ultimate purpose “measuring
time” as the ultimate purpose was not explicitly mentioned in this situation. Also,
other proximate purposes concerned how to act, for example, writing scientific
texts and doing science.

Table 11.1 gives an overview of the various phases of the lesson and the
resources used, that is, a description of the lesson procedure. In regard to the

Table 11.1 Activities and resources used during the lesson (teacher T, students S)

Activity and content Resources used for meaning-making

Recapitulating last lesson
(photos of different
sundials, gnomon,
knowledge demands,
central course content)

Talking: recapitulating last lesson (T)
Gestures: enhancing spoken words (nonsubject-specific, e.g.,
“think” + “pointing towards head”) (T)
Model: gnomon (wooden stick on base) (T)
Writing: content-specific (duplicates “gnomon”) (T)

Introduction: Shows how
gnomons work, talks about
“the sun’s movement
across the sky”

Talking: explanations (e.g., the sun’s movement across the sky,
how to use stick and torch as sundial) (T)
Model: sundial (gnomon, torch) (T))
Gestures: subject-specific (e.g., the sun’s movement) (T & one S)
and nonsubject-specific (e.g., think) (T)
Action: how to make shadows with torch and stick (T & S)

Instruction: How to
understand a prefabricated
diagram and to transform
it into table

Talking: explanations (T)
Diagram: sun’s shadows of gnomon
Writing (multimodal): table with words and figures (T)
Gestures: subject-specific (e.g., “north”+“moving arm upwards”)
nonsubject-specific (e.g., “adjust”+“jiggling one hand” (T)

Learning activity
(individual): Transfer
prefabricated diagram into
table, analyze information
from table

Diagram: sun’s shadows of gnomon (S)
Other tools: notebook, pencil, ruler (S)
Writing: (multimodal) transfer content from diagram into table,
generalize/analyze into written words (S)
Talking: asking questions, answering teacher questions,
comparing results (T, S)

Instruction: How to make
a diagram similar to the
prefabricated one

Model: sundial (gnomon, torch) (T)
Other artefacts: flipchart to create diagram (T)
Talking: explanation (T)
Action: showing how to make shadows of gnomon (T)

Learning activity (pair
work, hands-on): Make a
diagram similar to the
prefabricated one

Model: sundial (gnomon, torch) (S)
Action: holding torch to create “correct” shadow (S)
Talking: discussing and instructing (S), asking/answering
questions (S, T)

Lesson ends: Students
clear away
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thematic orientation of the lesson, we were able to note a movement from the
students’ previous school experiences and everyday knowledge, to the field of
science. This was done by recapitulating what had happened during the last lesson,
and then connecting to students’ everyday experience of sunrise and sunset before
introducing the learning activity around a prefabricated diagram representing
the ways that the sun casts shadows on the ground at different times of the day.
The learning activity involved both scientific content and scientific methods, in
this case measurements (in a diagram) followed by analyses (in tables) and finally
reaching a conclusion from the measurement (in written language). As a next step,
a hands-on activity was performed.

11.4 Multimodal Ensembles

All human communication is to some extent multimodal (Kress, 2010). A typical
example is when speech is combined with gestures, which was also the case in
this classroom. What was striking in this regard was the extent to which the
teacher used gestures in ways that could promote students’ learning in a second
language. Examples are when the teacher said “you have to remember,” pointing
toward her head, and when talking about “yesterday/…/or last week,” gesturing
backwards with her arm. Another example is when she combined gestures and
speech to evoke a mnemonic strategy, which is commented on in relation to
models and wordplay, below. In the following, we specifically comment on the
learning activity where students created multimodal texts individually.

The whole process involved a number of “transductions,” or processes where
content was transferred, or “translated”, from one semiotic mode into another,
and where each resource was used in accordance to its modal affordance (Kress,
2010). The diagram (left, Fig. 11.1) was used to visualize a phenomenon in the
outside world: how the shadows from a gnomon differ according to the sun’s
height in the sky at different times of the day. By transforming this visualization
into a table, the level of abstraction and precision became higher. The next step

Fig. 11.1 Multimodal
student text (Naihma)
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was to make written generalizations about the phenomenon from the table, with
science having specific ways of structuring such texts. Given the notion of
modal affordance, transductions can be challenging, since the “same” content
cannot be expressed as accurately or as thoroughly through any resource. Thus,
changes in form as well as in content will always be needed in transductions
between modes.

When introducing this activity, the students were told by the teacher that since
it was cloudy and consequently not possible to make a diagram of their own, they
would use a prefabricated one. She then explicitly connected the diagram to sun-
dials: “they have also drawn a scale with the time (points at time indications in the
diagram) do you recognize it from sundials?”. When instructing the students to
make a table from the diagram, she modelled one on the flipchart: “out of that
(starts drawing a table on a flipchart) /…/ you’re going to make a table where it
says time (writes ‘TIME’ in left column of table) and length (writes ‘length’ in
right column)”. Before the individual activity commenced, the teacher filled in the
first figures under “TIME” with the help of the students, thus modelling the trans-
duction process from diagram to table. She commented that if the timeline was not
in the middle of the shadow, they would have to adjust the time: “shall we say
nine fifteen? /…/ someone not satisfied with that?”. She settled for 9.10 after some
discussion. Later during the activity, the teacher had similar discussions with indi-
vidual students. Thus, the first step of the activity was given considerable atten-
tion, with a focus on exactness.

The second step involved analyzing and transducting the content in the table
into words. Here, the teacher gave short instructions to individual students or pairs
(see Written language). During this process, she instructed the students to analyze
and write claims from the table, and to use graphic features like bullets instead of
“a mass of text”.

Ammar and Ali finished the activity relatively quickly, and were asked to com-
pare their analyses: “/…/ and then you discuss your analyses … what you’ve
arrived at … okay?/…/ if you agree and if you can see some pattern … if you can
make some general statement”. Instead of comparing the conclusions from the
table, Ammar and Ali compared the time indications in their tables (see Spoken
language), concluding that they had several similarities and a few differences.
Given the teacher’s previous focus on deciding exact times, the pupils’ attention
to similarities and differences regarding time indications is perhaps not surprising.

This learning activity continued for almost 40 minutes. There were a number of
challenges for the students during the transduction process when creating a table
from the diagram: (1) how to make a table, (2) how to decide the exact times, and
(3) how to measure the length of the shadows. The teacher supported the students
individually in these steps: (1) (to Mira): “count the number of shadows and then
you know how many rows you will need … and then you need /…/ another col-
umn for … eh … the heading”, (2) (to Ali, who asked if he could write 12, 13)
“you have to look here because here it might not be exactly thirteen … here it
might be a little bit more”, (3) (to Suado): “and you have to remember that you’re
supposed to measure from the middle of the gnomon”.
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During the activity, it was obvious that the transduction processes were
demanding, and the fact that the shadows in the diagram did not always coincide
with exact hours created confusion. The teacher chose to stress exactness, which
made the students spend too much time on details as hours and minutes.
Accordingly, the proximate purpose of the activity was obscured; to act scientifi-
cally by transferring information from a diagram into a table and then to analyze
data and draw conclusions about the surrounding world. Throughout the activity,
the teacher emphasized norms of how to act in a science class, in this case focus-
ing on exactness, meticulousness, and the forms related to writing.

When the students had finished creating their multimodal texts, a hands-on activ-
ity commenced, during which the students were supposed to create shadows similar
to those in the prefabricated diagram, using a model of a sundial. This process is
described below after the analyses of the use of written and spoken language.

11.4.1 Written Language

When the students had transformed the times and the lengths of the shadows from
the prefabricated diagram into tables, the teacher instructed them individually to
make a written analysis. Apart from giving hints about what to write in the analy-
sis, the teacher told the students to use bullets to achieve a short and concise text:
(to Muna) “have you begun your analysis? /…/ use bullets then”, (to Ammar)
“write down your thoughts … write them in bullets not in a mass of text … write
it in bullets”. Furthermore, students were instructed to write statements, draw con-
clusions, and generalize the result.

The students’ writing varied in form and content. As to form, both bullets and
running text were used, whereas the degree of detailed reporting, drawing of con-
clusions and generalizing varied, as shown in the following examples. However,
all written analyses had a scientific structure in that they focused entirely on the
scientific matter without mentioning any human actors. Likewise, many processes
were relational (Halliday & Matthiessen, 2004), such as was, became, got.

One of the shortest and most generalized statements in bullets was written by
Fatima. She refrained from writing statements on each shadow, and instead went
directly to the final generalizations based on the extreme results:

Analysis of table

• When the sun is the highest in the sky the shadow gets the shortest.
• When the sun rises and when it goes down the shadows are the longest.

Ammar’s report was written entirely in running text, and comprised a combina-
tion of detailed statements and generalizations:

Analysation

At 15.28 the shadow was at its longest, 8,7 cm was the result but at 12.00 the shadow
became shortest, 5,0 cm. The results showed that when the sun is higher up in the sky at
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12 o’clock the shadow is shortest. But the more the sun moves from the middle of the sky
then the shadow becomes longer. The table shows that the sundial’s result became the
same 9.10 o’clock in the morning and at 15.28. The tests started at 8.00 until 16.00.

Before writing, Ammar apparently reconstructed prior experiences of how to
write in science class and asked, “doesn’t any analyzation have a precise order?”
to which the teacher responded “not this one”. After that, when discussing the
order of the results with the teacher, he verbally created the nonidiomatic nomina-
lization (Swe.) *analysering (Eng. *analysation), based on the verb analyse (Swe.
analysera). This invented nominalization was used as headline in Ammar’s
report. A distinctive feature strengthening the scientific style in Ammar’s report
was the way he topicalized time and measure, At 15.28 the shadow was …, at
12.00 the shadow became … and 8,7 cm was the result …. Further adding to the
specialized register in Ammar’s report was the use of scientific participants instead
of human actors, The results showed …, The table shows …, The tests started ….
To express movement, Ammar used the more general and formal (Swe.) förflyttar
sig (Eng. move) instead of the everyday goes in the sentence But the more the sun
moves from the middle of the sky. Ammar used one extended nominal group in his
report: the sundial’s result and after the initial statements of the result, Ammar
summarized them using a consequential explanation, But the more the sun moves
from the middle of the sky then the shadow becomes longer.

A third example was Naihma’s analysis (Fig. 11.1), reporting the hours for var-
ious shadow lengths without drawing general conclusions:

Analysis.

The longest shadows are 9.10 and 15.10.

The one which is shortest is 12.00.

Those which are about [the same] are (11.00–12.00. 13.00)

(10.00–14.00) (14.30–9.10)

When writing their analyses, the students were given an opportunity to develop
their scientific register including an increasing abstractness. The nonspecific
instructions by the teacher allowed for several solutions to the task. However, the
activity was mainly continuous with the proximate purpose “how to write in
science”, in this case focusing on form rather than content. Thus, regarding pur-
poses concerning scientific content, the activity was not continuous.

11.4.2 Spoken Language

During the lesson, the teacher used verbal strategies in ways that might have
enhanced the students’ possibilities to appropriate the specialized register. In
doing so, the teacher moved between everyday and scientific registers (e.g.,
when referring to the gnomon: “stick” vs. “axis”), hereby increasing message
abundance and channels for meaning-making (Brown & Spang, 2008; Gibbons,
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2006). During these shifts, different strategies were used (Brown & Spang,
2008; Fang & Schleppegrell, 2008; Halliday, 1998/2004).

One strategy was defining, for example regarding the abstract term “general”
when the students were supposed to analyze information in their tables: (to Emre
and Muna) “general … do you understand that? something that always applies to
the shadows”, (to Fatima) “general claims they always apply”.

Another example was when Fatima asked about the term gnomon: “if I let my
pencil stand here somewhere, like this … then it’s a gnomon?”. The teacher recast
the wordings into a more specialized register, specifying that “if you use it for
measuring time by the help of the sun”. The teacher’s definition stressed the func-
tion of a gnomon; namely that a gnomon evaluates time with the help of the sun.
Fatima, on the other hand, focused on the representation of a possible gnomon,
here a standing pencil.

A second strategy was exemplifying. When the teacher had mentioned the
points of the compass she exemplified: “you need to know where north is, where
south is, where east is, where west is”. When instructing Ammar on how to write
the analysis from his table she gave examples of what analyses could consist of:
“you should analyze the table and see what you can draw on or write statements
out of the table”. Ammar, who was familiar with the word “statements,” used the
same strategy when illustrating how to write his analysis: “at a certain time, hm,
the shadow got longer”. The teacher then gave further examples of statements:
“then it was the longest and then it was the shortest it was just about as long at
that and that time”.

A third strategy was unpacking nominalizations and packing processes
(Fang & Schleppegrell, 2008; Halliday, 1998/2004). In everyday language, pro-
cesses are typically expressed in verbs (to measure), qualities in adjectives (long
shadow), and things in nouns (a shadow). In more specialized language, pro-
cesses and qualities are often expressed as nouns (measurement, length). This
process is called nominalization. When “unpacking,” measurement is expressed
as measure, while “packing” is the reverse process. During her instruction in
whole class, the teacher explained how to understand the depicted shadows in
the prefabricated diagram:

Teacher: and those who have been doing these measurements got this diagram [shows the
prefabricated diagram] … and they have also drawn a scale with hours labeled … do you
recognize from the sundials we have looked at?

Ammar: from eight o’clock to four [looks at the diagram]

Teacher: yes … they’ve measured … we’re going to work with this, as we haven’t got
any of our own so we’re going to work from this … even though it may not be exactly as
our measurements would have turned out right now … but we’ll come back to that later

During this dialogue, the teacher unpacked the nominalized process measure-
ment into “they’ve measured.” Then she packed the process, measure, into the
abstract, nominalized process. Through the unpacking of the nominalization,
the participants were made visible (they have measured). By using measurement,
the students got a potential entity to compare, analyze, and reason about.
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Later on, when Ammar and Ali were asked to discuss their results of the ana-
lyses, Ammar used the same process, measure, as the teacher and turned it into
the nominalized process, measurement:

Ammar: how did you get that result? did you measure it? and what was the result of your
measurement?

Ali: that it became [inaudible] like this

Ammar: do you think that your result is reasonable?

Ammar’s way of using the process measure as well as the nominalization, mea-
surement, shows a scientific way of using the specialized language, presumably
inspired by the teacher’s verbal modeling, using measurement as something
abstract to theorize about. Accordingly, in their communication, both teacher and
students shifted between registers, as processes were unpacked or packed, and
abstract terms were explained in everyday words and concrete examples. The
shifts between the everyday and the scientific register can also be seen as exam-
ples of how continuity was created verbally.

11.4.3 Hands-On Activity: Creating Shadows
According to the Diagram

After creating their texts, the students were asked to make shadows according to
the prefabricated diagram, using a torch, a piece of white A3-paper and the stick
on a holder (gnomon). The proximate purpose was expressed as: “you’ll have an
A3-paper and then you’re going to draw a line around a gnomon … and then
you’ll try to form the shadows and think about how you’re going to hold the torch
to get the shadows about the same way as in the picture”. In addition, the teacher
asked the students to mark the shadows “within the size of the paper” (Fig. 11.2).
One example was Emre and Naihma who performed the task together.

When the teacher asked the students how to hold the torch in order to make the
shadows as short as possible, Naihma immediately answered “up highest.” Later
on Naihma asked Emre to hold the torch “like this,” in order to make the shadow
as short as possible. Emre agreed, but obviously he was engaged in holding the

Fig. 11.2 Student diagram
(Naihma)
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torch in a way that resulted in Naihma hesitating, asking if they should “do like
that”, which Emre confirmed. Naihma then noticed that she could see “two sha-
dows”, which Emre agreed to by saying “we have two shadows”. The torch was
wider than the stick, and when holding it close to the stick, simultaneously keep-
ing the whole shadow within the size of the paper, a true shadow and a half-shade
occurred on the paper. This phenomenon resulted in the students concluding that
there were two shadows. They did not question their observation, but proceeded
with the activity. At the beginning of the next lesson, Naihma told the teacher that
she had trouble holding the torch. Another student agreed, saying that it was “hard
to find” and difficult knowing “how to make” the shadows. Accordingly, as the
students’ earlier experiences of shadows appeared to be limited, marking the sha-
dows did not seem to clarify how shadows arise and change. Instead the students
appeared to be occupied with the “doing” of the activity, in this case norms about
how to act. Moreover, when recapitulating this lesson during the following lesson,
the discussion dealt with the practice and not with what the students had observed.

11.4.4 Models and Wordplay

A model of the sundial was used during the hands-on activity and in the teacher’s
introduction to the lesson, dealing with “the sun’s movement across the sky”.
During the recapitulation Fatima had asked: “what’s the holder then?”. As com-
mented on above, the teacher explained that the holder was a base for the stick,
resulting in Fatima’s question: “if I let my pencil stand somewhere, like this…
then it’s a gnomon?” and the teacher’s confirmation: “if you use it for measuring
time by the help of the sun… then it’s a gnomon”. Accordingly, both of Fatima’s
questions were justified, clarifying the function of the different parts of the model.
This appeared to make meaning for Fatima since she compared the stick to a pen
as the vital part for measuring time. However, later on when instructing the stu-
dents how to draw a contour around the holder on a piece of paper before creating
shadows, the teacher explicitly said that “now you’ve got the basis for a sundial
you may say”. Fatima appeared to be puzzled by this comment, as the teacher pre-
viously had said that the gnomon was represented by the stick and not the holder.
She commented: “it’s only the holder… it’s not the stick then?”. Yet another puz-
zling circumstance occurred for Fatima as she could not relate the gnomon to mea-
suring time as there were “no figures” on her piece of paper. Hence, using models
in science class demands a thorough presentation concerning what models repre-
sent and how they can be used.

In her introduction to the learning activities, the teacher stressed the importance
of knowing at what points of the compass the sun rises and sets. She began by
stating that the sun rises at one point of the compass and sets in another. Then she
used a mnemonic strategy, building on a wordplay, forming a multimodal ensem-
ble with speech and gestures: “the sun sets (goes down) in the west as the tie goes
down in the vest”, continuously gesturing to make “vest”, “tie” and “goes down”
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clear (in Swedish, the two words “west” and “vest/waistcoat” are homonyms:
Swe. väst). The wordplay, “the tie goes down in the vest” appeared not to make
meaning to the students. Fatima asked what it had to do with the sun and both
Emre and Fatima exclaimed “south!” when the teacher asked the students where
“the tie goes down” while simultaneously pointing downwards into an imagined
vest. When the teacher repeated the question and the gesture, Fatima once again
exclaimed “south”.

For students reasoning about the directions of the compass, the downward ges-
ture would be equivalent to “south” if you relate the gesture to south in a map.
It is plausible that Fatima’s and Emre’s earlier experiences of maps were recon-
structed and transformed in this situation, thus having consequences for their
meaning-making. It was not until Muna exclaimed “vest vest… the sun goes
down in the west!” that the discussion could proceed. Consequently, the wordplay
was not continuous with learning where the sun rises and sets.

11.5 Discussion

During instruction, the teacher made use of several resources, often in multimodal
ensembles, which increased the channels for meaning-making and message abun-
dance. Also, the students were given opportunities to use different resources in a
variety of semiotic modes in their meaning-making. Such teaching can promote
students’ development of scientific literacy. However, an implication of the pre-
sent study is that teachers might need to develop their awareness of their own use
of different resources as well as the ways in which they create opportunities for
students to make meaning of the science content through a variety of semiotic
modes. Students benefit from getting opportunities to reason about their observa-
tions in small groups or whole class, and from receiving instructions about both
how and what to discuss. Furthermore, students would also benefit from discus-
sions about modal affordances and how different resources are related in a given
situation, for example, when involved in transductions from one semiotic mode to
another. Such discussions can promote their disciplinary literacy, including learn-
ing science, competent action in the science classroom, and communicating
through different modes.

In our study, the teacher and the students were engaged in meaning-making
activities involving a variety of semiotic resources in ways that can enhance the
development of multilingual students’ scientific literacy. The communication in
different registers, or everyday and specialized language, noted in this classroom
function as additional resources to support such a development (Gibbons, 2006;
Macken-Horarik, 1996). The analyses revealed that the students were given sev-
eral learning opportunities during the lesson, through talking, writing, and per-
forming hands-on activities. However, the focus was on norms of how to act in
science class and what to include or exclude. In this classroom, “minds-on” in
relation to the actual content, was shown in some students’ written general
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statements about “the sun’s movement across the sky”. Continuity between activ-
ities and purposes (Jakobson & Axelsson, 2012) was shown in various ways.
Examples are the students’ creations of multimodal texts and the hands-on activ-
ity. Here, the students’ undertakings were continuous with the proximate purpose
about how to act in science class. When writing texts, this was shown in the
expected meticulousness according to norms concerning form rather than content.
During the hands-on activity, the norms appeared to concern “doing” rather than
learning the science content.

A variety of semiotic modes and resources were used during the lesson, with
different affordances, or potentials for meaning-making (Kress, 2010; Lemke,
1998). In short, models and diagrams were used to visualize and concretize
abstract phenomena, whereas writing was used for generalizations. Speech was
generally used for teacher instructions and explanations of the content, or for stu-
dent discussions. In addition, the teacher used gestures as parts of multimodal
ensembles to elucidate and reinforce her words.

In detail, the models of the sun and gnomon function as concretizations and
opportunities to experience the phenomena in the classroom during the hands-on
activity. The teacher was explicit that the torch and the stick on a holder were
used as models. However, during the hands-on activity, it was obvious that the
students encountered problems, and were not able to handle the torch to create
shadows in accordance to the diagram showing different shadows at different
times of the day. The wordplay vest–west was used as a mnemonic strategy for
remembering where the sun sets and it was given as a multimodal ensemble with
speech and gestures. Yet, in this case the modes contradicted each other, since the
downward gesture indicated south rather than west. On other occasions with com-
binations of speech and gestures in multimodal ensembles, the modes boosted
each other.

The students created a multimodal text involving a number of transductions,
which is potentially challenging due to the different affordances of modes (Kress,
2010): from diagram into a table, and then into a written analysis which some of
the students also discussed in pairs. Our analyses revealed that these transductions
created problems for some of the students.

Some instances were noted where the participants brought to the fore some
characteristics of what resources to use and how in science class. One example
was when the teacher made explicit that the torch and stick were models. During
other lessons in the unit, she also referred to linguistic specificities of the scientific
register. A manifest initiation of a discussion on language use was made by a stu-
dent, when Ammar, who was familiar with written genres, asked about the struc-
ture of the written analysis. Moreover, the teacher frequently used modelling
during this lesson. One such example was when modelling how to make a table.
Another example was when packing and unpacking nominalizations (e.g., mea-
sure > measurement > measure).

To conclude, using several resources increases the channels for message abun-
dance and student meaning-making. However, teachers have to carefully consider
the combination of multimodal ensembles as well as students’ earlier experiences.
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Chapter 12
Meaning-Making in a Secondary Science
Classroom: A Systemic Functional
Multimodal Discourse Analysis

Qiuping He and Gail Forey

Abstract The purpose of this chapter is to present a framework for examining
meaning-making in the science classroom through a range of resources. Based on
the notion of social semiotics from systemic functional linguistics, we propose a
framework that examines the affordances of meaning in one mode, such as
language, or gesture, or animation, and the multiplying of meaning across these
modes. We argue that knowing what meaning can be afforded by a mode and the
ways to communicate meaning across modes can enhance learning opportunities
in the science classroom. We focus on three modes used in the science classroom,
namely language, gesture, and animation, and propose a framework that helps
unpack the meanings made. We draw on data collected from a 66-minute video
recording of a Grade 9 class studying the process of digestion. We investigate the
organization of meaning in the identified modes and the multiplying of meaning
across modes in constructing explanations. While gestures and animation are
found to make meaning through the logics of time and space, language plays a
significant role in mediating the technicality of scientific knowledge. The findings
also identified two ways of multiplying meaning across modes, namely, creating
multimodal links and reiterating organizing structures. The complex mediation of
meaning within each mode and across modes highlights the need for explicit
instruction by the teacher to support and highlight how meaning is made in
science and other teaching and learning contexts. We suggest that the findings are
relevant for apprenticing learners into the world of science, and also apprenticing
scientists into the world of teaching.
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12.1 Introduction

In apprenticing learners into the world of science, teachers often use a range of
resources1 to make meaning in the classroom. In a science classroom, the
resources such as a gaze, a verbal comment, an action, or a touch can carry certain
meanings. From a social semiotic perspective, each choice of meaning-making is
socio-culturally shaped and is dependent on the conventions of a community
(Halliday & Matthiessen, 2014). The notion of modes or modalities refers to the
resources to represent meaning, as opposed to the resources to disseminate mean-
ing (Kress, 2010). Multimodal research studies the meaning-making beyond
language and incorporates the meaning represented by other modes, such as dia-
grams, gestures, postures, and positions. Different modes afford different kinds of
meaning, that is, they have different semiotic affordances. The notion of semiotic
affordances examines the possibilities and constraints of the potential meaning
that one mode can make (Kress, Jewitt, Ogborn, & Tsatsarelis, 2001). The study
of semiotic affordances of different modes helps reveal the efficiencies and defi-
ciencies in a specific mode. For instance, the mode of speech2 unfolds over time
and thus has rich potential for construing temporal relations. This contrasts with
the mode of visual image, the elements of which are displayed simultaneously
through spatial relations and thus efficiently portray spatial relations (Kress,
2010). Meaning can be multiplied through an integration of modes, where the
meaning made through such integration is greater than the sum of the meaning in
each mode, which is coined by Lemke (1998) as multiplicity or multiplying of
meaning. Multiplying of meaning may occur when a science teacher uses a gesture
to visualize the movement of muscles accompanying the verbal explanation that
“the muscle squeezes.” In this case, both gesture and speech contribute to the
understanding of muscle contraction by relating the abstract process to the obser-
vable hand gesture and unpacking the technical term into commonsense wording.
While research on science education has pointed to the need of analyzing the
meaning-making from a multimodal perspective (Lemke, 1998; Norris & Phillips,
2003), little research illustrates the relation between the meaning afforded in each
mode and the multiplying of meaning across modes. The purpose of this chapter
is to present a framework that examines both the semiotic affordances of indivi-
dual mode and the multiplying of meaning across modes.

The focus of this chapter is on the teacher, and the meanings made by the tea-
cher. As pointed out by Hattie (2003), the teacher is a significant factor leading to
student achievement. During the study, the science teachers reported that their
understanding of disciplinary literacy had improved dramatically, and that this

1The notion of resource in this chapter is general, which covers mode, the resource to represent
meaning, and medium, the resource to disseminate meaning (see Kress, 2010, for a detailed dis-
cussion on modes and medium).
2Speech and writing are considered as two different modes, although both speech and writing
belong to linguistic resources.
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new found knowledge had helped them to improve their teaching, and had an
impact on their students. However, due to time and space, the impact on the
learner is beyond the scope of this chapter (see Humphrey, 2017; Polias, 2016;
Rose & Martin, 2012 for a discussion of the impact on the learner). We begin
with a brief review of research on scientific literacy before presenting the frame-
work for multimodal classroom interactions, which is illustrated through a case
study. Finally, the chapter concludes with the implications for future research on
multimodal classroom interactions.

12.2 Multimodal Research in Science Education

Although the term “scientific literacy” is frequently mentioned in research and
education domains, the precise meaning of this term remains contested among
scholars (Osborne, 2002). In this chapter, we adopt Norris and Phillips’ (2003)
definition of scientific literacy which comprises the fundamental sense of scientific
language and the derived sense of science content knowledge. As advocated by
Halliday and Martin (1993, p. 212), “the evolution of science was, we would
maintain, the evolution of scientific grammar.” Lemke’s (1990) analysis of science
classroom dialogue demonstrates that science learning is the learning of specia-
lized scientific language through which scientists perform their social activities.
Halliday and Martin (1993) further investigated the nature of scientific language
and shed light on its unique features, such as technical taxonomies, abstraction,
and nominalization.3 In addition to language, science discourse has been noted for
construing meaning via multiple modes such as images, diagrams, charts, and
symbols (Kress et al., 2001; Lemke, 1998, 2002).

Kress et al. (2001) described the complex meaning-making in science class-
rooms through the teachers’ adoption of multiple representative resources. Lemke,
in his study of science journal articles (Lemke, 1998) and multimedia resources in
science education (Lemke, 2002), concludes that science communication is “close
and constant integration and cross-textualization among semiotic modalities”
(Lemke, 1998, p. 27). Findings from recent studies on the modes of written and
spoken language (Tang, Delgado, & Moje, 2014), images (Waldrip, Prain, &
Carolan, 2010), gestures (Jaipal, 2010), apparatus, mathematics, and activities
(Airey & Linder, 2009) have urged for an awareness of the relationship between
different modes that support successful learning.

While research on science education has pointed to the importance of analyzing
the meaning-making of different modes (Ainsworth, 2006), limited research incor-
porates the examination of meaning potential in one mode (i.e., semiotic affor-
dances) and the tracking of meaning integration across modes (i.e., multiplicity).
In this chapter, we present a framework that examines semiotic affordances and

3Nominalization is the grammatical choice of taking a verb (v.) and packaging it as a noun (n.),
for example digest (v.) and digestion (n.).
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multiplying of meaning in classroom interactions. This is achieved by examining
how a specific concept is constructed in different modes and tracking how the
meanings are integrated across modes. The theoretical background and the frame-
work are presented in the following section.

12.3 Developing a Framework for Multimodal
Classroom Interactions

The analysis of choices used to make meaning in the science classroom in this
chapter is informed by Halliday’s (1978) social semiotic perspective and Systemic
Functional Linguistics (thereafter SFL). In systemic-functional theory, semiotics
refers to the study of sign systems embedded in social situations and contexts
(Halliday, 1978). A sign system, such as language, is social in that it operates in
social cultural settings, and is semiotic in that it makes meaning within these social
contexts. An SFL approach to language is based on three organizing principles:
stratification, instantiation, and metafunction (Halliday, 1985; Halliday &
Matthiessen, 2014). From the perspective of stratification, language system
consists of the strata of semantics, lexicogrammar, phonology, and phonetics.
From the perspective of instantiation, a text can be regarded as a particular
instance of a semiotic system. From the perspective of metafunction, meaning can
be understood if we deconstruct it based around three social functions, three
metafunctions:

1. the ideas represented — ideational;
2. the relationship developed — interpersonal; and
3. the organization of the message — textual (Halliday & Matthiessen, 2014).

The ideational metafunction concerns how language construes experience of
the external world and the internal mental world as well as the logical relations.
The interpersonal metafunction enacts social roles and relationships. The textual
metafunction organizes the ideational and interpersonal meanings into a meaning-
ful message in the context (see Halliday & Matthiessen, 2014, for a detailed
discussion of metafunctions).

Although the primary focus of SFL is on language, these organizing principles
have been extended and adapted to other modes. The approaches to multimodal
resources informed by SFL can be summarized into two general trends (Jewitt,
2014). One pioneered by Kress and van Leeuwen (2006) is the social semiotic
approach, which emphasizes the context of communication and the ideology
found within signs. The other is systemic functional multimodal discourse analysis
(SF-MDA), approaching one particular “discourse” at a microlevel, with an
emphasis on metafunctional systems and systematic choices (Baldry & Thibault,
2006; O’Halloran, 1998; O’Tool, 2010). Despite some subtle differences, such as
different levels of delicacy in terms of rank and stratification, these approaches are
compatible (see Jewitt, 2014, for detailed discussions). A common agreement in
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all multimodal analysis is that as different semiotic systems are employed to make
meaning, then we need a different metalanguage to describe, discuss, analyze, and
investigate these systems.

Lemke (1998) extends the principle of metafunction from language to multimodal
texts and proposes a typology to explain the interaction between images and written
texts. He argues that the three metafunctions are construed simultaneously during
the meaning-making process where the modalities of visual images and written texts
“are deployed, singly or jointly” (Lemke, 1998, p. 91). The correlation between
Lemke’s terminology and Halliday’s terminology is illustrated in Table 12.1.

In this chapter, we extend Lemke’s framework to incorporate a range of
resources available to the science teacher in the classroom. Figure 12.1 presents
the framework for this study using the resources of language, gesture, and anima-
tion as an example. The presentational meaning is defined as the conceptual
aspects of teaching and learning science, for example, the concept of digestion
and the elements, processes involved as outlined in Fig. 12.1; the orientational
aspect considers the authority building of science and the teacher–students rela-
tions, for example, how the teacher realizes the meaning and develops the relation-
ship with the learners, through, for example, relating the meaning to the learners’

Table 12.1 Halliday’s metafunction and Lemke’s typology

Halliday’s theory of language Ideational
metafunction

Interpersonal
metafunction

Textual
metafunction

Lemke’s typology of printed
documents

Presentational
function

Orientational
function

Organizational
function

The semiotic affordances
of a mode (potential)

The meaning activated

by instances of a mode
(instance)

The multiplying of
meaning across modes

Spoken language

...

T. What’s happening to the

food here?

S: The muscles are

squashing it down.

The multiplying of meaning across

spoken language, animation and gestures

Animation Gestures

Fig. 12.1 The framework for multimodal classroom interactions
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backgrounds and experiences; and the organizational function refers to the struc-
ture and the sequence of different resources in teaching a topic or a concept, for
example, the sequence of activities and information that unfold throughout the
lesson. As shown in Fig. 12.1, the teacher asks the students a question after show-
ing an animation and the ideational concept represented in the animation, the con-
traction of the esophagus is complemented by the teacher’s hand gesture of
squeezing. The semiotic affordances of one mode consist of the potential meaning
that can be made in presentational, orientational, and organizational aspects. The
choices made by the teacher in her use of spoken language, activate certain pre-
sentational, orientational, and organization meanings from the potential pool of
language system. Similar activation happens to the choices found in animation
and gestures, where particular meanings are activated by instances of a mode.
These activated meanings from different modes can be multiplied to construct a
meaning that is greater than the sum of the meaning in one mode. The multiplying
of meaning across modes incorporates the multiplicity of presentational, orienta-
tional, and organizational functions of these modes. Figure 12.1 illustrates how
three different modes, what the teacher says, the animation being played, and the
gestures made by the teacher co-occur at one point in a lesson to reinforce and
multiply the meaning.

This framework enables the mapping of the potential meaning, that is, the
semiotic affordances of an individual mode that co-occur at the same time as other
affordances from different modes and together they reinforce and multiply mean-
ing across modes. The meaning afforded by one mode (i.e., semiotic affordances)
is instantiated through particular cases (i.e., instances) to achieve a particular
communicative purpose. Therefore, identifying the instances of one mode
(i.e., instances) provides access to the overall meaning that one mode can afford
(i.e., semiotic affordances). The instance, the instantiation of verbal language the
muscles are squashing it down, is simultaneously mirrored by the instantiation of
animation, the instantiation of the hand gesture. The meanings made through the
collection of these modes are inter-dependent, and contribute to the understanding of
digestion. When multiple modes are deployed for a particular communicative goal,
the organizational, orientational, and presentational meanings in each mode are inte-
grated and multiplied, and the integrated meaning is greater than the sum of the
meaning of one individual mode on its own (i.e., multiplying of meaning).

The framework is valuable in (a) examining both semiotic affordances and
multiplicity of meaning in science communication, and (b) extending discourse
analysis to incorporate a multimodal perspective. In the next section, this frame-
work is demonstrated through a case study. Due to the limited space, we report
findings from the organizational function with reference to presentational function
when appropriate. The range of affordances available in any classroom varies and
a study of all affordances available in the science classroom is beyond the scope
of this chapter. In this chapter, we limit our analysis to focus on the modes of
spoken language, gestures, and animation in terms of the semiotic affordances
of organizational meaning in each mode and the multiplying of organizational
meaning across three modes.
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12.4 Methods

12.4.1 Data Collection and Selection

The data used in this study is from an in-service professional development (PD)
project conducted in Melbourne, Australia in 2012. One of the aims of this PD
project was to support the teachers’ disciplinary literacy development in ways of
representing and communicating science knowledge using language and other
modes (Forey & Polias, 2017). The project included a three-day workshop led by a
Professional Development Consultant (PDC), and one day of lesson co-planning
with the PDC, after which teachers receive further support through email communi-
cation which included feedback on lesson plans and responses to any questions
raised and a classroom observation. In this chapter, we focus on the data from
one classroom observation, which includes the video recordings of the lesson
(66 minutes), the immediate feedback by PDC members (20 minutes), and the reflec-
tions of the teacher being observed (16 minutes). This extract from the classroom is
selected for the richness found in both the meaning-making through multimodal
resources and the teacher’s reflection. The lesson was taught in English by Ms.
Grace (a pseudonym), an experienced science teacher, who previously worked in the
pharmaceutical industry in Egypt before immigrating to Australia. There were 23,
Year 9 students (14–15 years old) in her classroom, among whom 17 used English
as a Second/Additional Language (ESL/EAL). The aim of this lesson was to under-
stand the function of digestive system by constructing explanations for the processes
in each organ (i.e., mouth, oesophagus, stomach, small intestine, and large intestine).

Informed consents to video-tape the lesson and to use the data for research
purposes were obtained from the teacher, the students, and their parents in advance.
To the extent possible, personal information of the participants was anonymized and
only those directly involved in the research could access to it. The lesson was then
video recorded mainly focusing on the teacher, and the semiotic affordances mobi-
lized by the teacher. The video recording of the lesson formed the primary data
source. Additional data sources were observation notes, informal discussions with
other teachers from the school and a discussion with the teacher after the lesson.
The researcher (one of the authors of this chapter) was the principal investigator for
the PD research project and a participant observer throughout the data collection.

12.4.2 Data Analysis

The video data was reviewed repeatedly to search for representative modes for analy-
sis. Although multiple modes were used in the classroom, language (both verbal and
written), hand gesture, and animation were used most frequently by the teacher in
communicating scientific knowledge and were selected for further analysis. The data
were transcribed and analyzed in three steps. First, the video data was segmented into
five consecutive teaching units to reveal the structure of the lesson: digestion in the
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organs of mouth, oesophagus, stomach, small intestine, and large intestine, respec-
tively. The modes contributing to the scientific knowledge building were identified
and counted accordingly to identify segments for detailed analysis (see Table 12.2).
The unit of digestion in the oesophagus was selected because this unit contained
examples of all modes of interest (i.e., language, hand gesture, and animation).

The second step of analysis focused on the structuring of meaning in one mode to
highlight the semiotic affordances of organizational meaning in each mode. The talk
between the teacher and students was transcribed based on the unit of an exchange.
The visual mode of animation was transcribed as a sequence of frames, each frame
being captured in one second. The visual mode of gestures was transcribed at the unit
of a stroke (McNeill, 2005). The unfolding of organizational meaning in each mode is
related to generic structures: the unfolding stages and phases in “a staged, goal-
oriented social process” (Martin & Rose, 2008, p. 5). The stages are orientation (to
orient the taxonomy), identification (to identify an element in the taxonomy), processes
presentation (to demonstrate processes), and explanations construction (to form expla-
nations). The stages of processes presentation and explanations construction potentially
have several composing sequences (see Section 12.5 for details). The organizational
function of animation is further examined by conducting multimodal analysis of sal-
ience (Kress & van Leeuwen, 2006). Salience refers to the prominence of the elements
in the frame. The salience of each element can be decided depending on whether it is
foregrounded or backgrounded, its relative size, its color, and shape, etc. The hand
gestures were categorized based on McNeill’s (2005) classification of hand gestures
into iconic, metaphoric, deictic, and beat gestures. Both iconic gestures and metapho-
ric gestures are gestures with pictorial content: iconic gestures represent concrete
objects or events whereas metaphoric gestures represent abstract ideas or categories.
Deictic gestures are pointing actions and beat gestures are rhythmic actions. This
chapter focuses on examining the organizational meaning in the teacher’s metaphoric
gestures that are used to represent the digestive process in the oesophagus.

Table 12.2 Teaching units based on concepts and types of modes

Concepts Modes

Digestion in mouth (Fragments of the video)
1. Writing

Digestion in the oesophagus 1. Animation/visual images
2. Speech
3. Hand gestures
4. Writing

Digestion in the stomach 1. Animation/visual images
2. Speech
3. Writing

Digestion in the small intestine 1. Animation/visual images
2. Speech
3. Writing

Digestion in the large intestine 1. Animation/visual images
2. Speech
3. Writing
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The third step of analysis examined the multimodal structuring of the discourse
to identify the multiplying of meaning across modes. The teaching sequence was
mapped with the sequencing of modes to highlight the cross-modal links in the
lesson. The following section presents findings and discussions.

12.5 Findings and Discussions

12.5.1 Generic Stages and Phases in Animation, Gesture,
and Language

12.5.1.1 Animation

The animation sequence of digestion is from a short video produced for educa-
tional purposes. The sequence about the digestion in the oesophagus consists of
five frames (see Fig. 12.2).

Frame 1 informs the constituents of digestive system, orienting the taxonomy in
digestive system. Frame 2 identifies a particular organ (i.e., oesophagus) to be pre-
sented by highlighting the organ in orange. The following frames zoom into the organs
of mouth, oesophagus, and stomach sequentially. These frames present the digestive
process in the oesophagus: while Frame 3 and Frame 5 show the initial state (mouth in
Frame 3) and the final state (stomach in Frame 5), Frame 4 present the digestion in the

Orientation (Frame 1) Identification (Frame 2) Presentation (Frame 3-5)

Fig. 12.2 The frames in the animation sequence (recreated based on the original animation)
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oesophagus. The interpretation of Frame 3, Frame 4, and Frame 5 presenting the pro-
cess rather than presenting the organs is based on the salient elements found in these
frames. The salient elements in these frames are organs comprising digestive system
and the food being digested. Prominence is achieved through contrastive colors and
the contrast of a moving object versus a static one. While the use of contrastive colors
can be identified in all frames, the contrast of the moving and static object is only
found in Frame 4. In Frame 4, the food is represented as a small grey mass that moves
downwards in the oesophagus, which is shown as a static tube in light blue. Both food
and oesophagus are highlighted by using colors that are different from the background
of human body. The food is further accentuated through the movement, which makes
the static oesophagus the background. Kress et al. (2001) point out that there is a
constant foreground and background of modes in science teaching. This is reiterated in
our findings, where even within one mode (in this case, animation), there are shifts of
foreground and background of elements in the information flow.

As shown in Fig. 12.3, three generic stages are identified from the succession
of these five frames: orientation (showing taxonomy of digestive system), identifi-
cation (identifying the underlying organ of oesophagus), and presentation (present-
ing the underlying process of digestion in the oesophagus). The animation
sequence unfolds from the digestive system, the general system, to one component
of the system and then to the specific digestive process in this organ, suggesting a
focalization on presenting the process.

12.5.1.2 Gesture

While gesture can refer to any willful bodily movement, this chapter focuses on
the teacher’s metaphoric gestures that are used to represent the digestive process
in the oesophagus. Metaphoric gestures are gestures with pictorial content used to
visualize and construe abstract entities (concepts) or processes (actions) (McNeill,
2005). The metaphoric gestures identified in the data are shown in Fig. 12.4.

The metaphoric gestures are used to visualize two processes: the contraction
of muscle and the process of food moving downwards through oesophagus.

Digestive system

Oesophagus

Orientation

Identification

Presentation
processDigestive

in oesphagus

Part

(Specific)

Whole

(General)

Fig. 12.3 The generic stages of the animation sequence
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Ms. Grace opened her hands in a natural position and gently squeezed both hands
to imitate the contraction of muscles in the oesophagus. Then she clenched her
right hand and moved her left hand downwards to represent the movement of food
in the oesophagus. Finally, she combined the first and the second gesture, squeez-
ing her right hand, clenching her left hand and moving downwards to repeat the
processes. In this sequence of gestures, the logic of space and time are combined.
While the spatial position of both hands shows the spatial relation of stomach and
oesophagus, the sequential movements of hands and arms represent the sequence
of two processes (i.e., muscle contraction and food movement). The generic stages
of the presentation of gesture can be summarized as Presentation of composing
processes ^ presentation of overall process.

The first gesture (imitation of the contraction of muscles) and the second gesture
(visualization of food movement in the oesophagus) are presented sequentially to
represent two processes which constitute another process visualized by the third ges-
ture (visualization of food movement with the contraction of muscles). Such organi-
zation highlights the relation between the digestive organ and the digestive process.
The link between processes (i.e., muscle contraction and food movement) is created
through the sequential display of gestures. While the animation sequence include the
orientation of digestive system and the identification of oesophagus before present-
ing the digestive process, the metaphoric gestures represent the digestive process.
This set of metaphoric gestures represents the movement of food (Gesture 1) due to
the contraction of muscles (Gesture 2) while only the food movement is presented in
the animation (Frame 4). The findings suggest that the modes of gesture and anima-
tion combine the logic of time and space (Kress, 2010).

12.5.1.3 Language

The language used in the classroom mainly serves two purposes: either to regulate the
classroom or to engage students in the disciplinary knowledge (see Christie & Martin,
2005). This chapter focuses on the scientific knowledge building, specifically on the
construction of an explanation of the digestion in the oesophagus. The excerpts from
transcription contributing to the explanations of the digestion in the oesophagus are
shown below. The teaching sequence is mapped to the interaction between the teacher
(shown as T) and one single student (shown as S) or the whole class (shown as Ss).

Fig. 12.4 The metaphoric gestures representing the digestion in the oesophagus
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Seq Spk. Extracts from transcription

1 T We need to look at that part, the tube-like thing in the picture, which we call
oesophagus.

2 T So that’s the second part of the digestive system. (T regulates the class) Now, the
second part or the second organ of the digestive system we call … is the
oesophagus, so we can see if s like a pipe, it’s like a tube, OK?

3 T And, what is this tube doing? What’s happening to the food here?

S The muscles are squashing it down.

4 T Good, so the muscles are squashing it down. So, it’s basically in the …
oesophagus, the food is ….What’s happening to the food if we start with the
same statement like similar to what we did under for the mouth? (T regulate the
class) Now we’re going to frame a statement similar to what we did for mouth.
So, what’s happening to the food in the oesophagus? Food is …?

SI … going down …
S2 … being processed …

5 T [Writes “Food is…] So it’s being pushed down or …
S … processed …

6 T And how is it pushed down

S By the muscles.

7 T Good, so as the muscles are squashing or squeezing, can we have another word
for that?

S (…)

8 T It’s just like the lollies that you eat — you push them and … those pipe things
that you people eat sometimes. Remember?

S Yes

T So you push them and you get the lolly. So the same thing is happening in the
oesophagus as well.

S Oh, sugar straws!

T Yeah. So the same … the same thing is happening over here as well. (T regulates
the class). So what’s happening in the oesophagus, these muscles are …?

S Pushing

9 T Squeeze … or what could be the other word? What happens when we are
squeezing something? Can anyone think of another word?

S The space gets smaller.

T Con…?

S Contracts.

10 T Contracts, good. So the muscles, as the muscles contract, the food is pushed
down through the oesophagus. So in the oesophagus, what’s happening? The
food is pushed down. Where is it pushed down?

S in the stomach

T in the stomach. And how as the muscles contract? So if we are looking at … if
we write down “as the muscles contract.” Can we look at some process … what
would the process be? Just like digest, it’s digestion; contract … what would the
process be?

(continued)
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Following Martin and Rose’s (2008) stages and phases in reports and explana-
tions, we identified the generic stages in teacher–students verbal interactions:
orientation ^ identification ^ explanation construction, as shown in Fig. 12.5. The
teaching sequence is shown in parenthesis.

The first stage of orientation introduces the name of oesophagus and relates
oesophagus to an everyday item of tube (we need to look at that part, the tube-like
thing in the picture, which we call oesophagus). In the second stage, oesophagus
is identified in digestive system through verbal statement (the second part or the
second organ of the digestive system). The shift to the third stage is provided by
an interrogative question (what is this tube doing?). This signals a shift from the
taxonomy of digestive system to the explanation of the digestive process in the
oesophagus. The use of metaphor here (this tube), instead of the technical term
(oesophagus), enables the control of new information in manageable chunks and
reinforces the shape of oesophagus. Compared with the first two stages, the third
stage is more complex in structuring, comprising four phases: orientation, con-
structing processes, nominalization, and resolution. The first phase of orientation
starts with a WH-interrogative question (what’s happening to the food if we start
with the same statement like similar to what we did under for the mouth?),
followed by a declarative clause (now we’re going to frame a statement similar to
what we did for mouth). The processes to be constructed in the following phase

Orientation (1)

Identification (2)

Explanation constructin (3-12)

Orientation (3-4)

Constructing processes (5-9)

Nominalization (10-11)

Resolution (12)

Fig. 12.5 The generic stages of verbal language and teaching sequence

(continued)

Seq Spk. Extracts from transcription

Ss Contraction.

T Contraction. Contraction of what?

Ss (…)

11 T Contraction of…?

S The muscles

12 T Contraction of muscles. Good. Food is pushed down in the stomach by the
contraction of muscles. [Writes “Food is pushed down in the stomach by the
contraction of muscles.”]
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are food movement and muscle contraction. The statement for food movement is
provided by one student (Food is going down) to answer the question (What’s
happening to the food here?). While several trials are made by the teacher and stu-
dents, only the fourth one is successful. These trials use and recycle synonymies
(pushed down, going down, is being processed), synonyms (squashing, squeezing)
and verbal metaphors (lollies, pipe things) to relate digestion to everyday exam-
ples (you push them and you get lollies, so the same thing is happening in
the oesophagus) as well as using an incomplete utterance to prompt (con …).
The answers given by students in each trial are (i) Oh, sugar straws!, (ii) pushing,
(iii) the space gets smaller, and (iv) contract. This suggests that the learners are
gradually engaged in the science domain. The difficulty in constructing the pro-
cess of contracting can be attributed to the abstract nature of this process and the
dearth of presentation in the animation sequence, where only the process of food
movement is presented. The construction of this process involves several shunts
along a register continuum from one end representing everyday concrete knowl-
edge to the other end of abstract scientific knowledge. By moving along the conti-
nuum of everyday knowledge and scientific knowledge, students are apprenticed
into the world of science (Forey & Polias, 2017; Kress et al., 2001; Polias, 2016).

In the next phase, the process contract is changed into a noun contraction. The
conversion of a verb, a doing process, to a noun, a thing, is referred as nominaliza-
tion. This is achieved by students deducing the analogy “contract-contraction”
from the example given by the teacher “digest-digestion.” The nominalized form
contraction was then extended to contraction of muscles by adding the actor of
this process (muscles). This is achieved by a WH-question (Contraction of what?)
by the teacher to suggest the linguistic form. In the last phase of resolution, the
scientific explanation is constructed: food is pushed down in the stomach by the
contraction of muscles. In the last two phases, the features of scientific language
are highlighted, such as abstraction and nominalization (Halliday & Martin, 1993).
The generic structures of language, animation, and gesture are summarized in
Fig. 12.6.

The stage of explanation construction in language involves both process pre-
sentation and process construction, which are often intertwined with each other.
Similar generic stages are identified in both animation and language, namely, tax-
onomy orientation, oesophagus identification, and processes presentation, where
processes presentation is included in the stage of processes construction in lan-
guage. For both animation and language, an overview of the digestive system is
presented before identifying the oesophagus as the element to be studied, which is
followed by presenting the processes through visualization (in animation) or lin-
guistic resources. The processes presentation involves two related processes: food
movement and muscle contraction. While only food movement is presented in the
animation, both food movement and muscle contraction are presented sequentially
with hand gestures. To some extent, the gestures provide more information about
the movement of food compared with the animation. While the animation only
presents the movement itself, the gesture reveals that such movement is sequen-
tially linked to the contraction of muscles. With the help of language, the relation
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between food movement and muscle contraction is able to move between temporal
(as what is shown in animation, gestures and the third statement) and causal (as
the contraction of muscles becomes the trigger for the movement of food to hap-
pen in the fourth statement). The findings highlight different semiotic affordances
of language, gestures, and animation. Gestures and animation are found to make
meaning by combining the logics of time and space (Kress, 2010). The findings
also highlight the affordances of language to unpack and repack abstract technical
knowledge, which involves constant shunts between everyday knowledge and
science knowledge (Halliday & Martin, 1993; Lemke, 1998).

12.6 Multiplying Meaning: Mapping Between Teaching
Sequence and Multiple Modes

In this section, the multiplying of meaning across modes is examined to identify typi-
cal patterns in the discourse of science education. The teacher oriented the topic by
projecting an animation sequence of the digestion in the oesophagus onto the screen.
This was followed by the identification of oesophagus in digestive system, using ver-
bal language and a pointing gesture. The teacher and students then co-constructed
explanations for the digestion in the oesophagus, where verbal language and metapho-
ric gestures were co-deployed to unpack and repack the scientific knowledge.

Three themes are introduced sequentially in the animation: (i) the taxonomy of
digestive system, (ii) the identification of oesophagus in this system, and (iii) the
process of digestion in the oesophagus. These themes are recycled during the les-
son through verbal language and hand gestures. For instance, the taxonomy of

Language

Stage Orientation Orientation

Stage Identification Identification

Stage

phases

movement
contraction

movement

orientation

process construction

nominalization

resolution
contraction+movement

Explanation construction Process presentation

Animation Gesture

Process presentation

Fig. 12.6 The unfolding of organizational meaning in language, animation, and gesture
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digestive system is reinforced by the teacher’s gesture pointing to the system
shown in Frame 1 in animation (see Fig. 12.2). Similarly, the identification of
oesophagus is reinforced with a deictic gesture, pointing to the oesophagus shown
in Frame 2 of the animation (see Fig. 12.2) and the verbal statement of it as the
second organ of the digestive system. It can be argued that the recycling of these
themes prepares the students to construct this process in an explanation.

The aim of the lesson is to construct an explanation of digestion. Four explana-
tions were constructed to account for the digestion in the oesophagus, with collec-
tive effort from the teacher and students (see Fig. 12.7).

As shown in Fig. 12.7, the technicality accumulates in these explanations and
achieves what appears to be more scientific language in the statement food is
pushed down in the stomach by the contraction of muscles. While language is
used to aid the accumulation by changing the voice and adding an abstract pro-
cess, both language and metaphoric gestures are used to nominalize the process.
Nominalization enables more abstract and complex relations (e.g., causal, classifi-
cation) to be constructed between processes. The accumulation of technicality
through nominalization is achieved in two steps. In the first step, contract is nomi-
nalized as contraction through the use of analogy and metaphoric gestures (see
related discussions in the previous section). In the second step, contraction is
extended to a nominal group contraction of muscles, by using metaphoric gestures
and interrogative question (contraction of what?). The meaning-making of
language and gestures are mutually supportive and create multimodal links to the

As the muscles contract, the food is pushed down through oesophagus.

Food is pushed down in the stomach by the contraction of muscles.

Food is pushed down by the muscles.

Muscles are squashing is down.

Changing to passive voice

(language)

Adding an abstract process

(language)

Nominalizing the process
(language, metaphoric gestrue)

contract

contraction

contraction of muscles

Fig. 12.7 The development of technicality in explanations
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scientific knowledge. As several studies (Airey & Linder, 2009; Jaipal, 2010)
have shown, the co-deployment of language, gesture, and other visual presenta-
tions can elucidate how scientific knowledge is gradually and progressively recon-
textualized in a sequence of episodes. This suggests the importance of using
multimodal representations to create multimodal links in the classroom (Tang
et al., 2014; Waldrip et al., 2010).

The multiplying of meaning across modes can also be identified through the rela-
tionship between animation and language. Two types of participants are introduced in
the animation: (1) digestive organs — mouth, stomach, and oesophagus and (2) the
food being digested. Digestive organs can be considered as either the participant
involved in the process of digestion or the circumstance where this process happens.
In the animation, digestive organs are shown as static objects, while the food is shown
as a moving object. Such contrast suggests that digestive organs are more conceptual
and backgrounded as circumstances while food is more material and foregrounded as
a participant of the process. This correlates with the configuration of meaning in the
fourth explanation, where food is the participant and stomach is the circumstance.

Another way of multiplying the meaning across modes is the reiteration of
organizing structures. Similar generic stages are found in animation and speech;
namely, taxonomy orientation, oesophagus identification, and process presentation
(see Fig. 12.6). In each stage, different modes are used to reinforce the taxonomy
of the digestive system and the process of digestion in the oesophagus. It is noted
that clear signals are provided when shifting to the next stage via verbal orienta-
tion and deictic gestures. It can be argued that using similar organizing structures
in different modes provides more opportunities for students to enhance their
understanding of scientific knowledge.

How meaning is configured and multiplied across modes is summarized in
Fig. 12.8, where the mode explicitly adopted by the teacher is labeled “scaffold”
and the mode that is not directly adopted yet provides relevant information is
labeled “support.”

As shown in Fig. 12.8, the stage of explanation formation is divided into two
substages of processes presentation (to foster students’ understanding of the pro-
cess) and processes construction (to form the explanation about digestion). Such
distinction is made in order to underscore the important role of language in
unpacking and repacking the abstract technical knowledge. In the orientation
stage, animation and verbal language are used to establish the taxonomy of diges-
tive system. In the identification stage, the focus moves from digestive system to
oesophagus. This is achieved through the teacher’s deictic gesture (pointing to the
oesophagus) accompanied by verbal orientation to oesophagus. The animation
also supports the identification of oesophagus in that it provides prior knowledge
about the taxonomy of digestive system. In the stage of processes presentation,
language and metaphoric gestures are co-deployed to scaffold decomposing the
digestion in the oesophagus into two processes (i.e., muscle contraction and food
movement). This stage is also supported by the animation (see the previous sec-
tions for details). The last stage of processes construction is scaffolded through
language, whose role is significant in constructing the explanations.
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It is important to note that the boundary between processes presentation and
processes construction in language is vague as they are interwoven with each other.
This is an example of the complexity of classroom interaction, where the patterns of
instantiation need to be seen as potentiality rather than certainty (Halliday &
Matthiessen, 2014). The complex mediation of meaning occurs within one mode
and across modes, and highlights the need for explicit instruction to orient the flow
of meaning. While research on explicit instructions in the classroom focuses either
on linguistic modes (Rose & Martin, 2012) or on visual modes (Ainsworth, 2006),
findings from this chapter call for explicitness and a greater understanding of the
links across linguistic and visual modes. For instance, following similar organizing
patterns across modes is helpful for recycling the information, which could reconso-
lidate and even enhance the students’ understanding of scientific knowledge. The
similarity of generic stages across modes also demonstrates how meaning tends to
be organized in science discourse. When reflecting on her lesson, Ms. Grace stated
that she was not conscious of the similar generic stages in the animation and
language. This suggests that even an experienced teacher may not be fully aware of
her choices in the classroom (Ainsworth, 2006; Waldrip et al., 2010). There are
instances where meaning-making could have happened but it did not. For example,
Ms. Grace did not provide explicit instructions to scaffold the interpretation of the
animation in terms of (i) the salience of each frame (ii) the choice of color and
(iii) the sequential natural of digestive process. The assumption that students are
able to notice, interpret, and link the meaning across modes independently is fraught
with problems. It is possible that without the teacher’s help, some students would
not be able to notice the multimodal links and stumble in their literacy and content
knowledge development (Tang et al., 2014; Waldrip et al., 2010).
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Fig. 12.8 The sequence and interplay of animation, gesture, and language
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12.7 Conclusion

This chapter demonstrates how the multimodal analytical framework is useful in
examining the meaning-making from two perspectives: the semiotic affordances of
an individual mode and the multiplicity of meaning across modes. The implications
of this study encompass theoretical and pedagogical issues. In terms of theory, this
chapter contributes to the literature on science discourse in three particular ways.
First, it substantiates the literature related to scientific language (Halliday & Martin,
1993; Lemke, 1998) by highlighting the significant role of language in constructing
abstract technical knowledge in science classrooms. It also contributes to the litera-
ture on the multimodal features in science classrooms (Airey & Linder, 2009; Jaipal,
2010) by examining both the semiotic affordances of one mode and the multiplying
of meaning across modes. Finally, whereas research on explicit instruction in the
classroom focuses on linguistic modes (Rose & Martin, 2012) and downplays other
modes, this chapter highlights the need of providing explicit instructions on multimo-
dal resources rather than language alone. We believe that developing the teacher and,
to a limited extent, the learner’s understanding of how multimodal resources are used
to construct meaning in the classroom can enhance teaching and learning. If the
teacher has access to understand the affordances of each mode and the ways to multi-
plying meaning across modes, this will provide greater opportunity for learning to
occur in the classroom.

In terms of pedagogy, this chapter targets educational researchers and teaching
practitioners on the importance of understanding and investigating the meaning-
making in the classroom. The similar generic stages (orientation ^ identification ^
processes presentation) identified in the animation and language can be applied to
other contexts and disciplines for validation. Findings from this study also show
that even an experienced teacher may not be fully aware of the meaning potential
of different modes. Therefore, more attention should be given to the choices of
modes and the ways of multiplying meaning when choosing and organizing the
modes in the classroom to support science teaching and learning.
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Part 4
Science Disciplinary Literacy Challenges



Chapter 13
Literacy Challenges in Chemistry:
A Multimodal Analysis of Symbolic Formulas

Yu Liu

Abstract This chapter aims to advance the understanding of literacy challenges in
chemistry by analyzing symbolic formulas from a multimodal perspective.
Through the analysis of the different formulaic representations of chemical com-
pounds (e.g., copper peroxide), the present study demonstrates that symbolic for-
mulas have evolved an array of grammatical resources not found in natural
language. These grammatical resources, on the one hand, effectively transmit
essential information to experts including the quantitative composition and reac-
tion behaviors of substances. On the other hand, the maximally condensed struc-
ture of symbolic formulas causes comprehension barriers for young learners. It is
pointed out that a functionally oriented multimodal analysis carries implications
for chemistry education, as this approach is able to make explicit the literacy chal-
lenges posed by chemical symbolism, offer useful clues to address the challenges,
and provide concrete methods to probe into students’ alternative conceptions.

Keywords Literacy challenges · multimodal · symbolic formulas · grammar ·
meaning

13.1 Introduction

The past three decades have witnessed an increasing emphasis on the medium for
teaching and learning science (Prain & Hand, 2016). While pioneering studies
focused on language as the central meaning-making resource to shape young lear-
ners’ specialized forms of consciousness (Halliday & Martin, 1993; Lemke,
1990), recent research asserts that language is always nested with other forms of
representation in knowledge production and communication (Danielsson, 2016;
Liu, 2011; Tang, Delgado, & Moje, 2014). It therefore has served as an aspect of
scientific literacy achievement that students are able to engage with the
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multimodal representations employed in science communities and to relate the
different forms of signs to scientifically accepted ideas (Tang & Moje, 2010).

Whereas multimodal representations provide experts with the most effective
means of communication (Yore & Hand, 2010), the semiotic complexity of scien-
tific discourse poses literacy challenges for novices. For example, it has been fre-
quently reported that both school and university students had difficulties in
understanding chemical formulas despite the extensive application of formulaic
expressions in science classrooms (Marais & Jordaan, 2000; Nemeth, 2006;
Taskin & Bernholt, 2014). On the one hand, symbolic representation made a high
demand on learners’ calculation abilities (Scott, 2012). On the other hand, even
those who succeeded in solving numeric problems (e.g., balancing a chemical
equation) might not understand what happened at the molecular or atomic levels
(Smith & Mertz, 1996; Yarroch, 1985).

The present study aims to explore the literacy challenges of chemical formulas
by analyzing how scientific knowledge is symbolically represented. To that aim, I
start with an introduction of the multimodal theory through which symbolic
expressions are conceptualized as semiotic resources to create particular domains
of experience. Then the analytic tools of transitivity and rank are proposed to
demonstrate how chemical formulas exploit a number of unique grammatical
resources to represent the quantitative and the qualitative aspects of chemical sub-
stances, and why students may have a limited conceptual understanding despite
their mastery of mathematical operations. I also discuss the implications for teach-
ing and learning chemistry.

13.2 A Multimodal View of Literacy Challenges in Chemistry

This chapter uses the term “multimodal” for two main purposes. First, it serves to
highlight the representational nature of chemistry education as a semiotic ensem-
ble, where curricula contents are represented and communicated in diverse modes
in addition to natural language alone. Second, this notion points to a specific the-
ory underpinning the present study, that is, the social semiotic interpretation of all
communicative signs as meaning-making resources to constitute human culture
(Halliday & Hasan, 1985).

From a social semiotic perspective (Kress, Jewitt, Ogborn, & Tsatsarelis, 2001;
Lemke, 1998), all forms of representation simultaneously fulfill three generalized
functions: to represent what is going on or happening in the world (ideational
meaning); to take an attitude toward the presentation and make an evaluation
(interpersonal meaning); and to organize related elements into a coherent message
(textual meaning).

With a focus on the ideational meaning, Lemke (1998) endeavored to elucidate
the nature of scientific discourse as representational hybrids by analyzing the
semantic patterns produced within individual modes and across different modes.
Each mode has its own functional specialization, which cannot be exactly
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duplicated by other forms of representation, so semiotic resources need to comple-
ment each other to cover the whole set of meanings of a scientific concept. Lemke
(1998) emphasized that semiotic resources in the same multimodal representation
do not simply have their individual meanings added together, but can modulate
each other’s meanings to capture the complexity of scientific ideas.

The meaning-based approach to scientific discourse offers an explicit account
of students’ learning difficulties. Whereas young learners’ limited understanding
of scientific concepts tends to be attributed to the lack of meta-visualization cap-
abilities (Gilbert, 2005, p. 15), multimodal research does not regard novices’ alter-
native conceptions about chemistry as internal cognitive deficits, but as difficulties
in interpreting, relating, or translating external representations in the same way as
scientists do (Cheng & Gilbert, 2009, p. 59). Following Lemke’s (1998) semantic
model, these representational difficulties can be further re-conceptualized as
literacy challenges in grasping the scientific meanings made within the same
semiotic resource and across different forms of representation. Accordingly, a
multimodal analysis of symbolic representation is a promising means to illuminate
the semantic complexity of chemical formulas and the corresponding literacy
challenges.

13.3 Data and Analytic Methods

The data for analysis are chemical formulas collected from introductory science text-
books for secondary school students, which seem to become a major cause of learn-
ing challenges (Taskin & Bernholt, 2014). While formulaic expressions may exploit
visual-spatial resources (e.g., in structural formulas) to communicate significant
information, the present study focuses on linear symbolic signs and only analyzes
empirical formulas and molecular formulas. The empirical formula differs from the
molecular formula in that the former represents the simplest ratio in which atoms
combine, while the latter indicates the actual number of atoms that interact to form
a molecule (Gallagher & Ingram, 1997, pp. 68–70). For example, the empirical
formula and the molecular formula for Ethane are CH3 and C2H6, respectively.

Two main kinds of symbols can be found in a modern chemical formula. In the
expression CuO2, for example, Cu and O are symbols standing for chemical
elements whereas the subscript 2 is a mathematical symbol. Admittedly, the sym-
bolic representation is assumed to include both chemical and arithmetic signs
(Talanquer, 2011, p. 184), and substantive chemistry education studies (Liu &
Taber, 2016; Taber, 2009) have demonstrated their close and effective cooperation
in the construction of scientific knowledge. However, this research makes a dis-
tinction between element symbols and mathematical expressions in a formula with
the aim of revealing how the two kinds of signs mutually modulate each other’s
meaning. The semantic modulation across different modes has been identified as a
major source of learning difficulties for novice students in science education
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(Lemke, 1998), but remains underexplored in the field of multimodal research
(Jones, 2006, p. 55).

To explore the functions of chemical formulas, the present study adopts a social
semiotic method of grammatical analysis (Halliday & Matthiessen, 1999, 2004).
Within this perspective, grammar is not confined to a system of formal linguistic
rules of correctness, but serves as an essential resource to construe ideational,
interpersonal, and textual meanings (Kress et al., 2001). This study mainly exam-
ines the symbolic construction of scientific knowledge and thus the analysis of
chemical formulas is restricted to the ideational function fulfilled.

One grammatical resource to construe ideational meaning is “transitivity”1

(Halliday & Matthiessen, 2004, p. 170), which provides a means to demonstrate
how different domains of experience (i.e., “doing,” “being,” “saying,” “thinking,”
“behaving,” and “existing”) are represented in the grammar of a clause. For
instance, a transitivity account of “Iron(III) oxide is reduced to iron” does
not merely analyze this clause as a sequence of formal categories like “nominal
group ^ verbal group ^ prepositional phrase.”2 Rather, the transitivity system
models the experience of “doing” or “happening” construed in this clause as a
material process, and links the grammatical units in the clause to their respective
functions in the process.

As Table 13.1 indicates, a process type consists of two central functional compo-
nents: a Process, which is typically realized by a verbal group (e.g., “is reduced”)
and one or more Participants involved in the process, which is typically realized by
a nominal group (e.g., “iron(III) oxide”). Further to this, a process type may include
an element of Circumstance in the grammatical form of a propositional phrase (e.g.,
“to iron”). The three components in Table 13.1 are combined to form an instance of
the material process, representing the experience that something undergoes a change
and thus plays a different role.

Table 13.1 Example of the transitivity analysis

Iron(III) oxide Is reduced To iron

Function Participant Process: material Circumstance

Class Nominal group Verbal group Prepositional phrase

1According to Halliday and Matthiessen (2004), the transitivity system discriminates six types of
process to sort out a wide range of experience. The material process is the resource to represent
actions and events (e.g., “Molten ionic compounds conduct electricity”). The relational process is
the resource to classify and define (e.g., “Covalent compounds are normally gases”). The mental
process represents perception, cognition, and affection (e.g., “Students need to understand basic
chemistry”). The verbal process construes the experience of “saying” (e.g., “The teacher
explained the effect of concentration”). The behavioral process construes people’s physiological
and psychological behavior (e.g., “The teacher frowned at the student”). The existential process
represents occurrence and typically employs the structure “there is/was …” (e.g., “There are sev-
eral definitions of oxidation”).
2The ^ sign indicates a sequence, and it means “followed by.”
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Another analytic means adopted in this study is the grammatical constituency
of rank. Following Halliday and Matthiessen (2004), a clause can be analyzed into
word groups or phrases at a lower rank, which can be further analyzed into words
at an even lower rank (see Table 13.2). It is important to note that from a social
semiotic perspective (Halliday & Matthiessen, 2004), the grammatical labeling of
language is functionally oriented and thus a letter like “i” in “iron” does not count
as a constituency unit, for it has no semantic significance in this word.

Also noteworthy is that the function of a grammatical unit (e.g., a clause) can
be performed at a lower rank (e.g., a word group or a phrase) through the mechan-
ism of rankshift or downranking, which, according to Halliday (1998), has the
meaning-making power to facilitate scientific evolution. For example, when the
experience of the clause “iron(III) oxide is reduced to iron” is compacted in a
word group “the reduction of iron(III) oxide to iron,” a previous Process in the
form of a verbal group (i.e., “is reduced”) becomes a new entity in the form of a
noun (i.e., “reduction”). As nouns are the primary resource to construe phenomena
into classes (Halliday, 1998), the mechanism of rankshift therefore enabled scien-
tists to categorize a particular type of chemical change and set up a technical
taxonomy (e.g., the contrast relationship between “reduction” and “oxidization” in
modern chemistry theories, see Liu & Owyong, 2011).

While the social semiotic methods of grammatical analysis were mainly used to
explore the functions of language in scientific discourse (Halliday & Martin, 1993;
Lemke, 1990), recent research has successfully extended the analytic means like
transitivity and rank to demonstrate the meaning-making patterns of mathematical
symbolism (O’Halloran, 2000, 2005) and chemical signs (Liu & Owyong, 2011;
Liu & Taber, 2016). Furthermore, a growing amount of chemistry education
research (Jacobs, 2001; Sanger, 2005) tends to identify chemical symbolism as a
specialized language. A semiotic model is therefore needed to compare symbolic
expressions with natural language, for it provides a common platform for concep-
tualizing the two modes.

13.4 Grammatical Construction of Chemical Formulas

As Taasoobshirazi and Glynn (2009) observed, chemical formulas have developed
into a remarkably short and reduced mode of representation, which facilitates effi-
cient communication among experts, but sets up comprehension barriers against

Table 13.2 Example of the rank analysis

Rank scale Examples

Clause Iron (III) oxide is reduced to iron

Word group/phrase Iron (III) oxide is reduced to iron

Word Iron (III) oxide is Reduced to iron
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novices. From a functional standpoint (Liu & Owyong, 2011; Liu & Taber, 2016),
reduction of formulaic expressions may stem from the operation of several gram-
matical resources employed in chemical symbolism to encode particular domains
of experience. The following multimodal analysis focuses on the evolving repre-
sentations of copper peroxide, one of the first compounds to be symbolized in
modern chemistry. It aims at demonstrating how and why chemical formulas his-
torically developed a range of grammatical resources in the construction of scienti-
fic knowledge.

13.4.1 The Operative Process in Chemical Formulas

Modern symbolic formulas were first designed by the Swedish scientist Jacob
Berzelius to represent compounds in the 1810s when chemists were intensely
interested in the quantitative composition of chemical substances (Brock, 1993).
According to Klein (2003), Berzelian formulas provided an effective means
to record the outcome of experimental analysis and demonstrate the numeric
relations between elemental constituents in a compound. For example, Berzelius
(1814, as cited in Klein, 2003, p. 10) symbolized copper peroxide as Cu + 2O
and explained that it was composed of one portion of metal and two portions
of oxygen.

From a social semiotic perspective, Berzelian formulas originally incorporated
a specialized transitivity configuration from the symbolic discourse of mathe-
matics: the operative process (O’Halloran, 2000). To illustrate, the symbolic
expression for copper peroxide comprised two operative processes. The first one
represented an arithmetic process of adding, where both Cu and 2O functioned as
the Participants with the addition operator as the Process. The second one was an
arithmetic process of multiplying. This operative process consisted of two
Participants: the mathematical symbol 2 and the element symbol O, while the
Process in the form of the multiplication sign was omitted.

Although the experience of “calculating” can be regarded as one kind of
“doing,” the operative process in symbolic expressions differs from the material
process in natural language. For instance, in the material process “The boss
counted his money,” humans (e.g., “the boss”) and everyday objects (e.g., “his
money”) can enter into the transitivity configuration as Participants. By contrast,
the operative process Cu + 2O restricts its scope of Participants to algebraic
expressions (e.g., 2) and chemical elements (e.g., Cu, O), thereby creating a reality
that goes beyond the realm of mundane experience. Further to this, based on the
improved experimental measurement of the masses of reacting substances,
Berzelius assigned “a determinate quantity” to the element symbol for each sub-
stance in 1813 (Klein, 2003, p. 16). Then the operative process in symbolic formu-
las made it possible to calculate the weight of chemicals needed in a reaction,
which contributed to both chemistry research and chemical manufacture.
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13.4.2 The Reactive Process in Chemical Formulas

It is important to note that in Berzelius’ original symbolic representation for com-
pounds, the plus sign not only represented the additivity of numbers but also sig-
nified the chemical combination between elemental constituents (Klein, 2003,
p. 19). According to Brock (1993), Berzelius used the plus sign for a second pur-
pose of applying electrochemical theories to explain reactivity. For example, Cu +
2O indicated that one portion of copper was electropositive whereas two portions
of oxygen were electronegative, and copper peroxide was formed by the mutual
neutralization of opposite charges (Brock, 1993, p. 154).

The chemical combination meaning of the plus sign might have given birth
to another specialized process type in Berzelian formulas: the reactive process
(Liu, 2009). While the reactive process resembles the material process in construing
the experience of “doing,” their transitivity configurations have two major diffe-
rences. First, the meaning scope of the reactive process is considerably reduced to the
electrochemical interaction between specialized entities like elements, atoms, and
electrons. Second, the material process may take a one-Participant transitivity con-
figuration to describe chemical reactions, but the reactive process must consist of at
least two Participants (Liu & Taber, 2016). As shown in Table 13.1, “iron(III)
oxide” is the sole Participant to actualize the material process “Iron(III) oxide is
reduced.” For novice learners who do not understand that the technical term
“reduce” implies the presence of an agent to donate electrons, the one-Participant
material process could cause misconceptions. However, the equivalent reactive
process (e.g., Fe2O3 + CO) seems to provide a more transparent account of the
reaction, for it has two equally important Participants (i.e., Fe2O3 and CO).

Berzelius’ symbolization of compounds brought about a semiotic transition
from a word group (e.g., copper peroxide) to a symbolic representation (e.g.,
Cu + 2O). This transition was not merely a process of substituting names, but
involved significant semantic shifts (Liu & Owyong, 2011). Whereas the word
group “copper peroxide” was likely to stand for a stable entity containing two con-
stituents, the reactive process Cu + 2O enabled experts to conceive the compound
from a dynamic perspective as an ongoing interaction between two elements. This
dynamic interpretation opened a new avenue for further development of modern
chemistry theories such as valency and bonding.

13.4.3 Parentheses in Chemical Formulas

The dual functions of the plus sign made it possible to have the operative process
combined with the reactive process in the same chemical formula so as to repre-
sent a compound’s quantitative and qualitative composition in an economical way.
However, scientists in the early 19th century found it necessary to distinguish
mathematical additivity from chemical reactivity (Klein, 2003). Parentheses were
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therefore employed as a grammatical device to highlight the chemical behavior of
elemental constituents in a compound.

For example, European chemists designed different formulaic representations
for alcohol in the 1830s. Berzelius symbolized alcohol as (2C + 6H) + O, whereas
Dumas proposed the representation (2C + 4H) + (2H + O). In terms of the arith-
metic operation of additivity, there existed little difference between the two
expressions. Both of them showed that alcohol consisted of two portions of car-
bon, six portions of hydrogen, and one portion of oxygen (Klein, 2003). On the
other hand, the two models implied significantly different chemical meanings.
From a social semiotic perspective, parentheses in chemical formula serve as a
crucial resource to perform two functions: to group chemical entities into different
reactive processes, and to arrange the reactive processes in a specific order similar
to the use of brackets in mathematics (O’Halloran, 2000, p. 366).

To illustrate, the parenthesis in Berzelius’ representation (2C + 6H) + O demon-
strates that this formula possessed two reactive processes at different levels. At the
first level, the reactive process had two Participants: 2C and 6H. At the second level,
the Participant in the form of 2C + 6H and the Participant O entered the same reactive
process. In contrast, Dumas’ formula (2C + 4H) + (2H + O) incorporated three reac-
tive processes at two levels. At the first level, there existed two reactive processes: the
Participants 2C and 4H entered one reactive process while the Participants 2H and O
entered the other. At the second level, the reactive process consisted of two
Participants: one in the form of 2C + 4H and the other in the form of 2H + O.

The grammatical analysis suggests that Dumas was likely to interpret alcohol as
a structurally more complex substance than Berzelius, for Dumas’ model demon-
strates that the formation of this compound involved three (rather than two) different
chemical combinations. Further to this, it appears that the two scientists did not
agree with each other on the elemental constituents’ behaviors and properties in the
compound. For instance, Berzelius’ expression shows that two portions of carbon
were chemically combined with four (rather than six) portions of hydrogen.

13.4.4 Structural Condensation of Chemical Formulas

When Berzelian formulas won increasing popularity among scientists in the early
19th century, their Process/Participant configurations (i.e., the operative process
and the reactive process) were gradually condensed into a short and reduced form,
possibly in order to represent structurally more complex compounds. For example,
Berzelius symbolized copper(II) persulfate as CuO2 + 2SO3 and explained that
this compound was composed of one portion of copper peroxide and two portions
of sulfuric acid (Berzelius, 1813, as cited in Klein, 2003, p. 10). Subsequently, the
original expression for copper peroxide (i.e., Cu + 2O) changed to CuO2 through
the use of superscripts and the ellipsis of the plus sign.

Admittedly, the two grammatical strategies introduced by Berzelius for
structural condensation of chemical formulas were similar to those found in
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mathematical symbolism (O’Halloran, 2000, p. 366). However, it should be kept
in mind that Berzelius’ use of the two devices was not consistent with the conven-
tions of algebraic notations (Klein, 2003), which may cause comprehension
difficulties for novices. First, Berzelius’ ellipsis of the plus sign was the same as
the ellipsis of the multiplication sign in mathematics (Whewell, 1831, as cited in
Klein, 2001, p. 28). In addition, Berzelius’ use of superscripts in chemical formu-
las was likely to be confused with the use of exponents in mathematical opera-
tions. To address this issue, Liebig recommended subscripts instead in 1834, and
thus CuO2 was remodeled as CuO2 in modern usage (Brock, 1993).

13.4.5 The Historical Rankshift of Chemical Formulas

As might be clear from the preceding account, Berzelius and other scientists
designed and redesigned the symbolic representation for chemical substances dur-
ing the evolution of chemistry. From a social semiotic perspective (Liu &
Owyong, 2011; O’Halloran, 2000), the symbolic expressions for compounds like
copper peroxide performed their functions at three constituency levels of chemical
symbolism analogous to the ranks of word, clause and phrase respectively in nat-
ural language (see Fig. 13.1).

In the first stage, two major kinds of symbols were employed to represent a
compound. The first kind included the symbols for elements (e.g., Cu, O) while
the second kind comprised mathematical signs (i.e., 2, +, ×), though the plus sign
also stood for chemical combinations. From a functional standpoint, both the two
kinds of symbols appear to operate at the constituency level analogous to the rank
of word (Liu & Taber, 2016). For example, the element symbols are similar to
nouns in that they stand for chemical substances. Furthermore, the plus sign and
the multiplication sign resemble verbs for representing chemical reactions and
arithmetic operations.

A number of chemistry educators and philosophers of science (Markow, 1988;
Restrepo & Villaveces, 2011; Weininger, 1998) claim that element symbols are
equivalent to letters in language. Despite their similarity in terms of graphology

word

• Cu, O,

• 2, +, ×

clause
• Cu + 2O

phrase

• CuO2

• CuO2

Fig. 13.1 Historical
evolution of the symbolic
representation for copper
peroxide

21313 Literacy Challenges in Chemistry: A Multimodal Analysis of Symbolic Formulas



(e.g., the element symbol for oxygen O and the letter “o”), such a comparison
may have problems. First, not all element symbols consist of only one letter.
The symbol for copper Cu, for instance, comprises two letters. Second, a letter
itself (e.g., “o”) has little meaning in a word (e.g., “oxygen”). By contrast, a sym-
bol like O is a meaningful unit in the discourse of chemistry, for it has the poten-
tial to denote a chemical element and one atom of this element. Accordingly,
element symbols are functionally similar to nouns in language, especially abbre-
viations (e.g., “Dr.” for “Doctor”), as both of them have meanings compacted in a
reduced form.

In the second stage, scientists combined the symbols together following their
empirical research to represent how a compound was formed out of chemical and
arithmetic operations. These operations were symbolized as the reactive process
and the operative process at the rank of clause. For Berzelius, the clausal config-
uration Cu + 2O not only demonstrated the numeric relation between the constitu-
ents of copper and oxygen (e.g., their combination ratio is 1:2), but it also
indicated that the two elemental constituents were electrically combined in a com-
pound (Klein, 2003).

In the third stage, the linear structure of Berzelian formulas was maximally
condensed to represent the qualitative and the quantitative composition of a com-
pound in an economical way. The short and reduced form made a formulaic
expression in modern usage (e.g., CuO2) look like a word in language (e.g.,
“cut”). Thus, recent chemistry education studies (Goodney, 2006; Jacob, 2001;
Nemeth, 2006) drew an analogy between a chemical formula and a word in natural
language. This analogy, however, does not fit from a functional standpoint.
For instance, in the word “cut,” none of the individual letters (i.e., “c,” “u,” “t”)
plays any semantic role. By contrast, the element symbols (i.e., Cu, O) and the sub-
script (i.e., “2”) in the formula CuO2 carry essential qualitative and quantitative
information about the compound, as they all performed the function of Participants
in the previous reactive and operative processes of Cu + 2O. Therefore, a chemical
formula has multiple semantic cores, and it is functionally analogous to a phrase in
language following Halliday and Matthiessen’s (2004) linguistic rank scale
framework.

Compared with the original symbolic components in the first stage and the
symbolic representation for copper peroxide in the second stage, the Berzelian for-
mulas in the third stage had the multiplication operator and the plus sign elided,
and employed the spatial resource of superscripts and later subscripts instead.
From a functional perspective (Halliday & Matthiessen, 2004; Liu & Owyong,
2011), the semiotic transition from Cu + 2O to CuO2 served as an instance of
rankshift in symbolic expressions, because a previous clause was restructured to
function at the lower rank of phrase. Through the mechanism of rankshift, experts
gained an efficient means to represent the formation of chemical compounds. On
the other side, chemical formulas have become a source of learning difficulties for
novices (Taskin & Bernholt, 2014), especially when young learners are not expli-
citly taught why and how formulaic expressions in modern usage developed a
reduced form for the accumulated empirical information.
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13.5 Implications for Chemistry Education

The multimodal analysis of chemical formulas carries pedagogic implications.
First of all, the unique meaning-making patterns found in the preceding grammati-
cal account are useful to illuminate the literacy challenges posed by chemical for-
mulas. Yarroch (1985) reported that many high school students who successfully
balanced a symbolic equation were not able to explain the reaction on the submi-
croscopic scale. This learning difficulty may be attributed to the semantic com-
plexity of chemical formulas, which are capable of incorporating two different
types of transitivity configurations (i.e., the operative process and the reactive
process). Accordingly, novices’ mastery of the operative process does not guaran-
tee their mastery of the reactive process. For instance, to successfully calculate the
relative formula mass of CuO2, students only need to perform the basic arithmetic
operations of multiplication and addition: 64 + (16 × 2), even if they do not know
how this compound is formed through ionic bonding. To resolve this learning
difficulty, teachers should put an emphasis on both the numeric and the conceptual
sides of symbolic formulas when students are assigned to balance chemical equa-
tions. Likewise, young learners will gain a clearer understanding of the functional
difference between an empirical formula (e.g., CH3) and a molecular formula
(e.g., C2H6) if the teacher can clearly explain that the former expression only com-
prises the operative process whereas the latter combines both the operative process
and the reactive process.

A multimodal analysis of chemical formulas also yields useful clues to address
the literacy challenges. One formidable challenge is the use of subscripts in chemi-
cal formulas. Arasasingham, Taagepera, Potter, and Lonjers (2004, p. 1521) found
that only half of the university students in their study understood that subscripts could
represent the reaction ratios of elements in a compound. The analysis of the historical
signs for copper peroxide in this study provides evidence that a chemical formula
(e.g., CuO2) actually evolved from an operative/reactive process (e.g., Cu + 2O).
Thus, the subscript in a modern chemical formula was previously the stoichiometric
coefficient in the symbolic representation for reactions. If students are taught the
historical context for how chemical formulas have come out, they may have less
difficulty in grasping the meaning of notations like subscripts.

Third, social semiotic multimodal research provides the analytic methods to
probe into students’ (mis)understanding of chemical symbolism. A multitude of
empirical research (Arasasingham et al., 2004; Keig & Rubba, 1993; Yarroch,
1985) has demonstrated that novices often interpret symbolic expressions by relating
a group of symbols to particular meaning. This way of interpretation is therefore
similar to a functionally oriented analysis of chemical signs, although young lear-
ners’ mapping of connections between grammar and semantics may differ radically
from experts’. For example, Smith and Mertz (1996, p. 235) noticed that students
were prone to regard NiCl2 as a substance containing diatomic chlorine Cl2. It is
therefore likely that the learners identified NiCl2 as the reduced form of the sym-
bolic representation Ni + Cl2. In terms of its transitivity configuration, Ni and Cl2
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function as two equal Participants to actualize the reactive process. This analysis
reveals that the novice students had a very limited understanding of bonding. They
seemed to believe that a nickel atom could be bonded to a diatomic molecule of
chlorine to form nickel(II) chloride and there existed covalent bonds between the
chlorine atoms in the compound. In contrast, experts tend to analyze NiCl2 as the
condensed expression of the reactive process Ni2+ + 2Cl−, which clearly shows that
the compound of nickel(II) chloride is formed through the ionic bonds between the
constituent elements. Thus, it is recommended that science teachers encourage stu-
dents to expand structurally condensed formulas like NiCl2 to explain their own
understanding of a scientific concept. It is also worthwhile for science teachers to
learn basic multimodal analytic frameworks such as transitivity to compare students’
self-generated representations with the authorized ones in textbooks.

13.6 Conclusion

This chapter is meant to make contributions to both multimodal studies and literacy
research for chemistry education. The multimodal analysis of chemical formulas
has shown how different modes such as the element symbols and the mathematical
symbols modulate each other’s meaning through a number of grammatical
resources. For instance, while the incorporation of the operative process and the
reactive process into chemical formulas efficiently represents both the quantitative
and the qualitative composition of a compound, its use in science education
increases the semantic complexity of symbolic expressions and thus may cause
comprehension problems for novice learners, as this grammatical device is likely
to blur the distinction between mathematical additivity and chemical reactivity.

The present study also advances the understanding of literacy challenges posed
by chemical formulas. As briefly exemplified in the preceding discussion, the
functional account of formulaic expressions has a great potential to make sense of
students’ learning difficulties and to develop effective pedagogy. Yet further
research is needed to explore how the nexus between the research on multimodal-
ity and scientific literacy serves to improve the design of curriculum and instruc-
tion for chemistry education.
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Chapter 14
Gains and Losses: Metaphors in Chemistry
Classrooms

Kristina Danielsson, Ragnhild Löfgren and Alma Jahic Pettersson

Abstract This chapter reports on findings from classroom communication in
secondary chemistry teaching and learning. The data was analyzed qualita-
tively regarding the use of metaphors and analogies in relation to atoms and
ion formation, with an intention to shed light on students’ scientific under-
standing as well as on their enculturation into the disciplinary discourse.
Theoretically we draw on social semiotics, which allows analyses of language
use in its widest sense, comprised of verbal language, images, action, gestures,
and more. In our data, we identified common disciplinary metaphors in
science, as well as metaphors connected to everyday life. Through the analyses
based on systemic functional linguistics (SFL), we also identified anthropo-
morphic metaphors, with particles, atoms, and ions being humanized with
intentions and feelings. Linguistic choices signaling metaphoric language were
mainly noted in relation to quite obvious metaphors whereas no such signals
or explanations were noted in connection to anthropomorphic metaphors. The
study has implications for the design of classroom practices, including the use
of discussions to enhance a more reflective use and understanding of the gains
and losses around metaphors.
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14.1 Introduction and Background

The complex nature of scientific language and its representations in different
semiotic modes (such as verbal language, diagrams, 3D models, e.g., Jewitt, 2017;
Kress, Jewitt, Ogborn, & Tsatsarelis, 2001) has proven to be challenging for
students (Fang, 2005; Halliday & Martin, 1993; Lemke, 1990, 1998; Norris &
Phillips, 2003; Yore & Treagust, 2006). The present study focuses on one aspect
of the discourse of science and representations in areas of science, namely the use
of metaphors. Metaphors are integrated in the discourse of science as a way of
creating new knowledge (Ogborn, 1996; Sutton, 1992) and in educational con-
texts, analogies and metaphors are suggested as tools to make abstract or complex
content more accessible (Aubusson, Harrison, & Ritchie, 2006; Sutton, 1992).
Also, they can be expressed through different modes of representation. However,
metaphors can be challenging for students. Therefore, teachers need to find ways
of creating classroom practices that develop both students’ understanding of con-
tent and their disciplinary literacy, that is, the ability to interact and communicate
through the specialized language in a wide sense, comprising verbal language and
various forms of representations, which are sometimes based on metaphors.

All disciplinary areas constitute social, historical, and cultural practices. From a
sociocultural perspective, a consequence of this is that learning science also
involves understanding and appropriating specific norms, meanings, concepts, and
ways of communicating and acting, all of which combine to create meaningful
activities in the science classroom (Lave & Wenger, 1991). Aikenhead (1996)
claims that a “border-crossing” from everyday subcultures to the subculture of
science needs to be made explicit to the students, not the least for students with
competing or conflicting world views, for whom the border-crossing can be an extra
challenge (Brown & Kelly, 2007; Tan, Calabrese Barton, Kang, & O’Neill, 2013).

In order to participate in a meaningful way in a science practice for students
with various worldviews, Rogoff (1995) stresses three aspects: apprenticeship,
guided participation, and participatory appropriation. Apprenticeship corresponds
to the community processes which refers to the specific nature of activity as well
as relations to institutional structures in which it occurs. Guided participation
refers to an interpersonal plane and attempts to describe what happens “between
people as they communicate and coordinate efforts while participating in a cultu-
rally valued activity” (Rogoff, 1995, p. 142). Guidance refers to a direction of the
activity offered by the cultural and social values. Wenger (1998) points out that
the participation dimension must be balanced by the reification dimension, that is,
the processes where a common understanding is turned into meaningful artifacts.
Accordingly, artifacts such as tools, models, procedures, stories, and language will
reify some aspects of its practice. Wenger claims that participation and reification
form a duality, with the two aspects being analytically inseparable from each other
(ibid.). Similar ideas justify teaching practices where the teacher assists students
in their transition from the everyday story (an everyday point of view) to the
scientific story (a scientific point of view) (Mortimer & Scott, 2003). This, in its
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turn, is in accordance with the notion of the importance of disciplinary literacy for
a person to be able to participate in the knowledge construction and social prac-
tices of the discipline (Moje, 2007). Aikenhead’s assertion that the border-crossing
needs to be made explicit is parallel to claims that teachers must help students
translating between the everyday and the scientific language to keep the varieties
“straight for the students” (Lemke, 1990, p. 173), thus making the register of
science (how to communicate within the field) explicit.

As mentioned, the focus of this chapter is the use of metaphors in science class-
rooms. There are several ways of defining “metaphor,” although a central aspect is
that metaphors create the “possibility of activating two distinct domains”
(Cameron, 2002, p. 674). Similar to Cameron, in this study we include analogies
in the concept. Furthermore, we here include metaphors expressed both linguisti-
cally and through other semiotic modes, such as images, or in combinations of
modes (Danielsson & Selander, 2016). When new nature phenomena are discov-
ered, this creates a need for new concepts to communicate about and further
develop the field. For example, the discovery that electrons move at approximate
distances to the nucleus has generated the two metaphors “electron orbit” and
“electron cloud”. These metaphors meet a need to take different perspectives
depending on what to emphasize: either a well-organized structure, which can
explain chemical bonding, or the proximal distances of quickly moving electrons.
Thus, it could be argued that science cannot be understood without metaphors. As
regards metaphors employed for pedagogical reasons, some have come to be used
quite frequently and across cultures, such as the analogy between electronic move-
ment and “planetary orbits”, while others are more provisional, and in some cases
dependent on the language in use (e.g., the apple as an analogy to the atom, which
was found in our data). As opposed to more obvious scientific terminology (like
“protons” or “neutrons”), which does not build on everyday concepts, metaphoric
expressions – including metaphors that have been integrated in scientific
discourse, such as “electron cloud” – can be incorrectly understood in their every-
day sense, thus creating unexpected obstacles for a novice in the field (Askeland
& Aamotsbakken, 2010; Golden, 2010). Furthermore, metaphors might not only
be challenging from the linguistic perspective, but also in regard to the relation
between the source and the target, or in relation to the reach of the metaphor, since
the parallelism between the concepts is always partial (Haglund, 2013). A specific
type of metaphor used in science is anthropomorphisms, where scientific concepts
are described as having intentions, feelings, and desires (Tibell & Rundgren,
2010, p. 28). Studies in science education have reported that students sometimes
actually hold anthropomorphic views as true (Tibell & Rundgren, 2010). Hence,
there are both potential “gains” and “losses” (i.e., possibilities and hindrances)1 in
relation to metaphor use in education. One way of dealing with these possible

1The discussion around “gains and losses” is informed by the concept of semiotic affordance,
introduced by Gibson (1977) and later used in social semiotic perspectives of multimodality
(e.g., Kress, 2009; Danielsson, 2016). In short, affordance concerns the meaning making poten-
tial of a resource in a specific communicative situation.
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gains and losses with metaphors in science education could be to work in explicit
ways, for instance, to discuss the reach of a metaphor, or what aspects of the nat-
ure phenomenon the metaphor emphasizes, something which is also suggested as
an effective way of helping students with the border-crossing into the scientific
field (Tobin, 2006).

The use of metaphors is thus central to the scientific disciplines as such, as well
as for science education. At the same time, metaphoric language is a phenomenon
which has gained attention in linguistic research (Lakoff & Johnson, 1980;
Svanlund, 2007). Hence, metaphoric language can be described from a linguistic
point of view, and possible obstacles in relation to learning can be discerned from
such a perspective. However, to fully understand the gains and losses with meta-
phoric language in science, and to develop teaching practices within the area, there
is a need for cross-disciplinary research and cross-domain collaboration among
science teachers, science educators, and linguists (Tibell & Rundgren, 2010). This
chapter is an attempt to contribute to the field meeting these requirements, as one
of the authors is a linguist focusing on disciplinary literacy within the science
field, one is a science educator (chemistry), and one is a PhD student in science
education, with a background as a science teacher (chemistry).

In this chapter, we present results from analyses of metaphor use in different
modes in teachers’ and students’ meaning making in secondary school science
classrooms. The study draws on multimodal perspectives of social semiotic theory
(Jewitt, 2017). From this perspective, each choice in meaning making is viewed as
a result of social, cultural, and situational factors in the context of the communica-
tive situation. A foundation of the social semiotic perspective is systemic-
functional linguistics (SFL) (Halliday, 1978; Halliday & Matthiessen, 2004).
According to SFL each communicative event contains three perspectives, corre-
sponding to three basic meta-functions of language use: the content that is con-
veyed (ideational metafunction), how the content is organized (textual
metafunction), and how relations are created through interaction (interpersonal
metafunction). Analyses based on these meta-functions yield different perspectives
on the ways in which the communicative resources are used. The framework was
developed for linguistic analyses, but has later been used for other modes of com-
munication (Kress & van Leeuwen, 2006; Martinec, 2004; O’Halloran, 1999) or
combinations of semiotic resources in different modes (Danielsson, 2016;
O’Halloran, 1999). In the following, we will present results of analyses related to
the ideational meta-function.

14.2 Aims

The aim of this study is to describe and analyze how teachers and students use
metaphors when working with chemistry content in secondary science classrooms,
in this case to explain and discuss the atomic structure and ion formation. We will
also describe if, and how, metaphors are made explicit for the students through
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classroom discussions. We relate the results to “gains and losses” (see above) in
the learning process, for example, in relation to the reach of the metaphors.

An important aspect of the study is whether we can discern possibilities or hin-
drances for students’ understanding of content and for their border-crossing and
participation in a science practice, including an enculturation into the disciplinary
discourse.

Our research questions are:

1. What characterizes metaphorical language (in a wide sense) used by teachers
and students in chemistry classrooms focusing on the atomic structure and ion
formation?

2. What possibilities and hindrances for students’ understanding of the content
and for their border-crossing and participation in a science practice can be dis-
cerned in relation to the use of metaphorical language?

14.3 Data

The present study builds on data collected within the multidisciplinary project
Chemistry texts as tools for scientific learning, financed by the Swedish Research
Council (Eriksson, 2011). That project followed a series of lessons in a number of
Swedish (in Sweden) and Finland-Swedish (in Finland)2 secondary school chemis-
try classrooms (grade 8–9, students aged 14–15 years) dealing with the atomic
model, the periodic table of elements, and chemical bonds. To delimit, yet at the
same time ground the present study on a relatively rich set of data from the overall
project, video recordings of communication in three classrooms were used: one
Swedish and two Finland-Swedish classrooms, with between 20 and 25 students
in each class. In the present study, we have analyzed teaching episodes where tea-
chers explain the structure of the atom, the relative stability of different substances
in the periodic table, and ionic formation. Each of these episodes lasted for around
10 minutes, and occurred during various parts of the unit followed by the overall
project. In the following, we present results from qualitative analyses of metaphors
used in relation to the atomic model or ion formation. The research team in the
overall project did not express an interest in metaphors, so any such occurrences
in the data are metaphors that the participants themselves chose to use in the com-
municative situation.

The study aligns to the ethical principles outlined by the Swedish Research
Council (2016) concerning informed consent and confidentiality. Student names
are avoided and teachers have been assigned pseudonyms. The Swedish teachers

2Finland-Swedish is a variety of Swedish spoken in Finland. Apart from Finnish, Swedish is an
official language in Finland and it is the first language of around 5% of the population. In areas
with a high proportion of Swedish speakers, some schools use Swedish as the language of
instruction.
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were given names beginning with /s/ while Finland-Swedish teachers were given
names beginning with /f/. The data presented in the following derive from Sture’s
(Swedish), Fred’s and Fredrika’s (both Finland-Swedish) classrooms.

14.4 Analytical Methods

The video recordings of the teaching episodes were transcribed. The transcriptions
included spoken communication alongside with comments on gestures, blackboard
notes, or the use of artifacts, such as concrete models or the periodic table of ele-
ments. After that, the team conducted a thematic analysis in order to get an over-
view of the data (Bryman, 2012). Instances of metaphoric use were grouped into
the different areas that the metaphors could be connected to, in this case the scien-
tific or the everyday life domains, or anthropomorphisms.

To answer our first research question, detailed analyses of the occurrences of
metaphoric language were made using the systemic functional linguistics (SFL)
framework (Halliday & Matthiessen, 2004). In the present study, we have ana-
lyzed our data in relation to the ideational meta-function and specifically pro-
cesses, participants, and circumstances, which are basic parts of the transitivity
system (Halliday & Matthiessen, 2004, p. 302, for a model). Through transitivity
analyses the type of process (that something happens, is said, is, or is perceived),
what participants are involved in the process (who or what does, is, says, owns
what, etc.), and the circumstances around the process (where, how, when, etc. the
participant did, thought or said something) are identified. In line with a number of
Scandinavian scholars (Andersen, Petersen, & Smedegaard, 2001; Holmberg &
Karlsson, 2006), we have considered four basic process types, namely relational,
material, verbal, and mental processes. In the framework of Halliday and
Matthiessen (2004), there are two more process types: experiential and beha-
vioral. These two types were merged with relational and material processes,
respectively, due to their close relationship to these process types (Holmberg &
Karlsson, 2006).

The process types can be connected to three different “worlds of meaning”: a
world of abstract relations (relational processes), a mental world (mental and ver-
bal processes), and a physical world (material and verbal processes) (Halliday &
Matthiessen, 2004, p. 172). Relational processes typically deal with the ways in
which something is related to something else, such as “the atom consists of differ-
ent particles”. Material processes typically demand some kind of energy from the
first participant, which can be seen as an actor, such as “the electrons move
quickly around the nucleus”. Verbal processes imply that something is said, for
example, “we say that the nucleus is positively charged”. Mental processes are
inner processes, and they imply some kind of mental activity of the first partici-
pant, who functions as an experiencer: “before, scientists thought that the atom
was the smallest particle”. In the participant analysis, you also differ between first
and second participants: “Mendelejev (first participant) developed the periodic
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table of elements (second participant)”. By performing transitivity analyses, pat-
terns in the use of metaphorical language can be distinguished, for example, to
determine the areas that the metaphors could be connected to. Also, the parts of
the transitivity system that are used to express the metaphor can be discerned.
This in turn can be used as a basis to discuss what connections the students need
to make in order to understand the metaphor.

In order to analyze participation and meaning making in scientific practices
(our second research question), we have used Rogoff’s (1995) three aspects of
analysis: apprenticeship, guided participation, and participatory appropriation. In
this study, we focus on the guided participation referring to the interpersonal plane
in order to describe and analyze how students’ participate and reify aspects of the
scientific practice in relation to the sub-micro level of the atom and ion formation.
The “participation” focus on how students get involved in different activities, with
whom and with what materials. The “guidance” focus on the direction of the activ-
ity in which the students are engaged (ibid.). In this study, the direction of the
activities is connected to the different areas, or source domains, that the metaphors
could be connected to: the science domain, the everyday life domain, or anthropo-
morphic metaphors. By investigating guided participation in the communication
around metaphors, both obstacles and instances of “signs of learning” (Kress,
2010) can be discerned.

14.5 Results

The metaphors used in the teachers’ expositions were noted both in connection to
the atomic structure (including electronic movement and electronic configuration),
and ionic bonds. As mentioned in the description of our analytical methods, the
source domains could become salient through any part of the transitivity analysis
(process, participants, circumstances), or in combinations of them. In the follow-
ing, the results are presented with regard to the following source domains: the
science or everyday life domains, and anthropomorphic metaphors.

14.5.1 The Science Domain

Not surprisingly, throughout our data, we found quite a few examples of meta-
phors that are more or less integrated into the disciplinary discourse. Examples of
this are nucleus (Sw. kärna),3 electron clouds or shells, and attraction between
ions. Such metaphors can be challenging both regarding their reach and in relation

3The fact that nucleus and seed is the same word (kärna) in Swedish makes the Swedish term
more obviously metaphoric than the English nucleus, which is probably perceived as nonmeta-
phoric for most English speakers.
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to the fact that the expressions have an everyday sense that students might already
be familiar with, leading to risks of misinterpretations. Some metaphors were con-
nected to other parts of the scientific field, like planetary orbit (Sw. planetbana,
where bana also corresponds to Eng. track), or circulating satellites. Here, we can
also note the use of concretizing models in the classrooms (Fig. 14.1).

The SFL analysis revealed that many of these metaphors functioned as partici-
pants, like “the electron cloud /… / swirls around”. At times, they were also
expressed through material processes, like “ions with opposite charges attract
each other”. In other cases, the metaphor was expressed in circumstances, like
“electrons on a shell”. They could also be introduced in circumstances, like “as a
kind of first explanation we say that they [the electrons] are in the electron cloud”.
By stating “we say that”, some kind of metaphoric expression is indicated.
Explicitly expressed analogies were also found, like “Electrons circle around the
nucleus in orbits (Sw. banor) similar to satellites circulating around the earth”.

When first introducing the atom, many teachers chalk-talked (Artemeva & Fox,
2011), drawing a model on the blackboard (or equivalent) at the same time as they
talked about the different particles.

Figure 14.1 shows Fred’s drawing during one of the first lessons in the content
area. Here, he used two disciplinary metaphors, nucleus (Sw. kärna) and electro-
nic cloud (Sw. elektronmoln). When making the drawing, he tried to explain what
is meant by “electron cloud”:

there are two central parts of the atom /… / something in the middle and something
around it /… / the electronic cloud which is around this atom … swirls around at a high
speed … not in well-defined orbits but at a certain distance … they swirl around there
freely … around and around” [makes a circular gesture with the chalk around the electro-
nic cloud in the drawing] (Fred, lesson 2)

Sture introduced the atomic model during one of the first lessons. During the
third lesson, he returned to the atomic model. He chalk-talked, using Lithium as
an example, trying to involve the students in deciding where to draw the electrons.
After having drawn two circles around the nucleus, he indicated the numbers of

Structure of the atom

protons
nucleus

neutrons

electronic cloud

Fig. 14.1 Model of the atom, Fred’s classroom
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electrons on each shell, writing 2- on the first circle and 1- on the second circle,
commenting:

two electrons on one ring. or you usually say a shell … I will write that here [draws a line
from the outer circle and writes “electron shell” at the end of the line] … electron shell
(Sture, lesson 3)

A few minutes earlier, a student had come up with the word ring (another word
for circle, Sw. cirkel) when Sture pointed at a period in the periodic table of ele-
ments asking what that was (he had drawn the inner shell of the Lithium atom on
the whiteboard and wanted the students to note that you probably needed a new
shell for the third electron). Somewhat surprised, Sture picked up the word and
went to the whiteboard to draw a new circle around the first shell. This is an
example where a teacher makes it possible for the students to participate and to
reify the use of the atomic model (Rogoff, 1995). In this case, it was achieved by
using the periodic table to explain how the student’s self-generated analogy of
rings could be connected to the periods.

14.5.2 The Everyday Life Domain

The scientific content was quite frequently connected to the domain of everyday
life. These analogies were mainly used to explain the atomic structure and its par-
ticles and they were based on everyday objects, such as bicycle spikes and apples.
The analysis revealed that in teachers’ expositions, these metaphors were often
introduced as second participants, where the first participant was typically the stu-
dent or an indefinite “you”, while the process was mental (e.g., think), as in “if
you think of an apple” or “if you think about the spikes in a bicycle wheel”. By
using such constructions, the teacher signals that some kind of analogy is used.

When talking about the atomic structure, the Swedish teachers used a big and
well-known sports arena outside Stockholm, the Globe (shaped as a globe), to
illustrate that atoms consist of a lot of empty space. This analogy typically
involved other metaphors, as in the following sequence in Sture’s classroom.

Sture started out talking about the fact that there are many different substances,
and that they have similar structures. He told the students that he was going to pre-
sent a simplified model, but before doing that, he showed the students a concrete
wooden model of the Carbon atom (Fig. 14.2), asking the students what it “looks
like inside”. However, these wooden models are usually used to build molecular
models. When Sture tossed the wooden ball in the air talking about the inside of
an atom, the students appeared to feel uncertain. It took some time before they
responded, but one student mentioned the different particles (protons, neutrons,
and electrons) and another student added “and nothing”.

With the probable intention of picking up “and nothing”, Sture went on, introdu-
cing the Globe, making a drawing on the whiteboard while talking (Fig. 14.3). Sture
asked a student whether he had been to the Globe and then commented: “it’s pretty
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big in between. I really do not know how big … but it is amazingly large … there is
room for horses and stuff and hockey and everything”. Then he went on using a
football, size 5, as an analogy to the atomic nucleus: “now we are thinking like this
that we hang up a football in size five like this … ok?”, drawing a dot in the middle
of the circle. Then Sture asked a student: “What was it out here then?” pointing at
the circle around the nucleus. One student responded: “Places to sit”. This indicates
the difficulties to follow the reasoning of the Globe as an analogy for the atom since
the student refer to the Globe as a sports arena instead.

After that Sture drew a small dot on the circle, telling the students that it was
“a small green pea”. He emphasized that there is a lot of space in the arena, mark-
ing the area between the “football” and the “pea” with a green pen, saying that
this is empty space. Interestingly, throughout the metaphoric explanation, Sture
did not stress that the analogy was used to illustrate the atomic model. Also,
throughout this analogous explanation, disciplinary language was more or less
nonpresent (the nucleus and electrons were not mentioned). Further examples

Fig. 14.2 Concrete model of
carbon atom, Sture’s
classroom

“football”

“green pea”

Fig. 14.3 “The Globe”, two stages, Sture’s classroom
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below will reveal that this pattern was typical for Sture’s classroom. As mentioned
above, Sture introduced the Globe metaphor after the student had said “and
nothing” as a response to what is inside an atom. However, the students in this
example showed obvious difficulties participating in the reasoning about the
Globe as an analogy for an atom, and they received no guidance from Sture for
how to reify the model of the atom. Instead the discussion at times evolved around
the actual sports arena. In other classrooms, teachers used the apple as an analogy
for the basic atomic structure, stressing that the atom has a nucleus surrounded by
electronic shells. What is important to note here is that in Swedish, the same word
is used for “nucleus” and “core,” or “seed” (Sw. kärna), and similarly, the
Swedish word skal can be used both for (electron) “shell” and “peel”, something
which makes the apple a possible metaphor in that linguistic context. Here, we
will use Fredrika as an illustration (Fig. 14.4).

Fredrika chalk-talked while going through the different parts of the atom. During
her exposition, the students answered questions about the particles of the atom.

After having stated that the protons and neutrons are in the nucleus, Fredrika
introduced the apple as a metaphor:

if you have trouble understanding what kind of nucleus (Sw. kärna) this is or what is
meant by it … so it is in the middle … the furthest inside you can get … if you think of
an apple it is like the core (Sw. kärnhus) inside … where the seeds (Sw. frön) are … here
are the protons and neutrons … while the electrons … they move and are spinning around
it [makes circular gestures with her arms] (Fredrika, lesson 1)

As opposed to Sture’s exposition, we can note that Fredrika combined meta-
phoric language with subject-specific terminology (protons, neutrons, electrons).
In her blackboard notes, only subject-specific terminology was used. Sometimes,
as in this case, metaphors that are integrated into the scientific discourse, such as
“electron cloud” were incorporated in the notes (Fig. 14.4).

As was commented on above, Fred, too, used the metaphor “electron cloud”.
However, when speaking about the electrons spinning around the nucleus like a
cloud, Fred introduced two additional metaphors, taken from the domain of every-
day life, bicycle spikes and a thin film, to explain the speed of the electrons. At the
end of the transcription excerpt below, we can also note how Fred touched upon

Repetition of the atom:
An atom consists of:
protons positive

in the nucleus
neutrons neutral

electrons negative – in the electronic
cloud

Fig. 14.4 Blackboard note, Fredrika’s classroom
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the subject-specific “electron cloud”, but through an explicit simile, using the
everyday word “cloud” without the subject-specific complement “electron”:

the electron [in the hydrogen atom] moves at the same distance from the nucleus but it
spins around and around and around … quickly quickly … if you think about the spikes
in a bicycle wheel [“draws” lines like bicycle spikes from a center point with his hands in
the air] … you can see them when they are still … but when you spin the bicycle wheel
[gestures as if giving speed to a wheel] you cannot distinguish the spikes and instead it is
like a thin film when they spin [gestures with his hand in a two-dimensional circle] /… /
this is similar . they spin around and you get the impression that they are everywhere .
thus it is like a cloud. (Fred, lesson 3)

In the teaching episodes above, both Fredrika and Fred were very careful to
name the elementary particles and making drawings. Similar to Sture, both
Fredrika and Fred were careful to explain that the models were simplified, and in
their attempts to explain the structure, they introduced analogies. Both Fredrika
and Fred were explicit that they used an analogy (e.g., “if you have trouble /… /
think of an apple”, “it is like a cloud”), though neither of them asked the students
how they interpreted the analogy, nor did they discuss the reach of the metaphors.
The students in their classrooms did not use the metaphors in the discussions, nor
did they participate in the use of metaphors for the atomic model (Rogoff, 1995).
However, results from the overall project reported elsewhere (Danielsson, 2011b)
revealed that in interviews some students talked about an “empty outer shell”
when asked about the structure of, for instance, a Sodium ion in comparison with
the atom. Such comments reveal that students had taken the shell metaphor lit-
erally and that the reach of it was not clear.

14.5.3 Anthropomorphic Metaphors

Numerous anthropomorphic metaphors were found in our data. Through these
metaphors, chemical particles were described as having intentions and feelings.
Examples are noble gases or ions being content or lazy, jumping electrons, or
atoms striving to become stable, or giving away and taking electrons. Many of the
less obvious metaphors in our data were anthropomorphic, and they were often
expressed through processes (like the last two examples). In the data, these pro-
cesses were quite often material, thus implying some kind of action from a partici-
pant being an actor with a clear intention, for example, “jump to another atom”.
But in some cases chemical particles were first participants involved in mental
processes as in “atoms want to have a full outer shell”. Other metaphors were attri-
butive, as “the noble gases are content”. Expressions like “Halogenes gladly
(Sw. gärna) form chemical bonds” also imply feelings as well as intentions.

What is particularly interesting is that anthropomorphisms were seldom explicitly
talked about as metaphors in the classroom discussions. This is especially true for
the less obvious metaphors, with particles striving, placing themselves and giving
away or taking. Such metaphors were used both in speaking and writing (Fig. 14.5).
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As regards anthropomorphisms, Sture’s classroom stood out. In the following,
we will look a bit more closely at one of his expositions. When introducing
valence electrons, Sture used Sodium as an example. Then he drew a model with
three electronic shells with one electron placed on the outer shell. He pointed at
the electron saying: “and this little beggar … how to you think it feels?”, with a
student responding “lonely”. Then another student clarified: “you said before that
they like to be in pairs but this one is lonely”. Sture commented that “he she or it
does not have any feelings” but that they could try to imagine the situation for the
electron, further elaborating a humanization of the particles: “does this feel good
do you think? … this is really harassment … and what do you think the main
office [points at the nucleus] thinks about it?”.

The metaphoric way of explaining why some substances are more reactive than
others was also filled with metaphoric language in Sture’s explanations. Interestingly
enough, after having stated that the atoms or particles have no feelings, Sture consis-
tently used such metaphors during the rest of the teaching period, rather than using
disciplinary language. Also, the fact that the expressions were metaphoric was seldom
brought to the fore. Instead Sture talked about Noble gases as having “reached their
Nirvana”, “not wanting to play with others” or being “drunk (Sw. ‘full’) and happy”4

and he stated that the reactive substances in the seventh group of the periodic table
are “the meanest substances”. The students picked up these metaphors and used them
both in talking and writing in the classroom (Danielsson, 2011a).

14.6 Discussion and Conclusions

Through our analyses we discerned interesting patterns regarding the use of meta-
phors. Our first research question concerns the characteristics of metaphorical lan-
guage used by teachers and students regarding the atomic structure and ion formation.

First, the metaphors used could be connected to the scientific or everyday life
domains, or they were anthropomorphic. Connected to the scientific domain were

Ionic bonds (see pictures p. 112)

• If a chemical substance wants to 
give away electrons and another 
one wants to take, then positive 
and negative ions are formed.

• Different charges are drawn 
towards each other (attracts) and 
therefore ionic bonds are formed.

• The ions are packed in crystalline 
structures.

Fig. 14.5 Blackboard note from Fredrika’s classroom

4This is a word game that works in Swedish, since Swedish full means both “drunk” and “full.”
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metaphors that have been integrated into the scientific discourse, such as attrac-
tion, electron clouds, and atomic shells, or metaphors connected to other scientific
fields, like planetary orbits. Connected to the everyday domain were objects like
apples, and bicycle spikes. A large number of metaphors were anthropomorphic,
such as “they [noble gases] don’t want to play with others”.

Second, through the SFL-analysis (Halliday & Matthiessen, 2004) we discerned
patterns as to how the metaphors were expressed linguistically, with metaphors
being expressed as processes (“atoms want to have a full outer shell”, “electrons
jump”), first or second participants (“this electronic cloud swirls around”, “think
of an apple”), or attributes connected to the participants (“drunk and happy”) and
circumstances (“the electrons swirl in the electronic cloud”). Metaphors expressed
in processes were often anthropomorphic, and what was especially interesting was
the fact that a number of these were mental processes (want, like) with chemical
particles or substances as the first participant having a role as an experiencer.
When anthropomorphic metaphors involved material processes (jump, give, take),
the processes imply a first participant with the role as an actor with an intention of
doing something. An important finding was that metaphors or analogies were only
seldom presented explicitly (“you can think of the atom as an apple”) or through
other linguistic choices indicating analogies (“as a kind of first explanation we say
that they are in the electronic cloud”). Such expressions were mainly connected to
relatively obvious metaphors such as apples, clouds, or thin film.

Our second research question concerns possibilities or hindrances for students’
understanding of content, and their border-crossing into the field of science. In
regard to the scientific content, different properties of the atom were foregrounded
depending on the choice of metaphor, and at the same time other features were dis-
regarded. This is as true for metaphors that have been integrated into the scientific
discourse, such as electron clouds, shells, or orbits, or attraction, as it is for more
provisional metaphors, such as apples or bicycle spikes. The cloud metaphor focuses
on the fact that electrons do not move in exact circles. However, the everyday
concept “cloud” does not imply any particular movement at all. The shell metaphor
is useful for analyses of chemical reactions. However, it implies something quite
concrete, and as mentioned, student comments about empty shells, previously
reported from the overall project (Danielsson, 2011b) indicate that the border-
crossing into the scientific domain can be challenging if metaphors are understood
literally, or if the reach of them is unclear. The orbit metaphor, on the other hand,
implies no concrete object and involves a movement. Yet, this orbital movement
appears to be quite exact. Thus, each of these metaphors as resources to explain
scientific aspects of the atom has different affordances (Gibson, 1977; Kress, 2009),
or “gains and losses”. In our data, we also noted that at times the use of metaphors
could lead the focus away from the science content to the actual source of the meta-
phor, as when teacher and students started talking about horses, hockey, and places
to sit, when a sports arena was used as an analogy to the atom.

Even though the teachers in our data clearly expressed that models are just
simplified models, a striking result was the relative lack of discussions around
metaphors. Neither did the teachers discuss the reach of the analogies or the
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affordances (gains and losses) that can be connected to the respective choices.
Sometimes the teachers signaled that they were using analogies, but such signaling
was mainly noted in relation to metaphors such as apples, or bicycle spikes.
Conversely, in connection to anthropomorphic metaphors, no such signals or
explanations were noted. Instead, chemical particles were presented as actors with
intentions and feelings or with human attributes. Such metaphors were used to a
great extent, something that indicates that this way of presenting the content is
more or less a normal part of the discourse of school science. The ample use of
such metaphoric language, in combination with the fact that previous research has
indicated that students tend to consider anthropomorphic metaphors as true
(Tibell & Rundgren, 2010), calls for a greater awareness among teachers about the
challenges associated with such expressions.

We also noted that the tendency to use metaphoric expressions sometimes led
to a situation where scientific language was avoided, thus hindering the students’
border-crossing into the field of science with regard to the discourse of science.
When using metaphors as pedagogic tools for explaining the scientific context
through connections to the students’ previous knowledge or everyday lives, there
is a risk that the everyday expressions are used at the expense of disciplinary lan-
guage. If you normally talk about noble gases as “drunk and happy” instead of
stable, or reactive substances as “mean”, students will not get the opportunity to
gradually appropriate the disciplinary language (Lemke, 1990, 1998).

We believe that in order to enable students’ border-crossing into the scientific
arena, the metaphoric language used in science activities need to be made explicit to
the students (Aikenhead, 1996; Tobin, 2006). A teacher’s choice to use a metaphor is
always based on an idea to foreground a specific aspect of a phenomenon. One exam-
ple taken from our data is when the teacher used a large sports arena (the Globe) in
analogy with the atom. The idea behind this analogy was to foreground that there is
nothing in the space between the particles (Mortimer & Scott, 2003, p. 95). However,
the teacher, in this specific situation, did not support the students in applying the
scientific point of view by making explicit why to choose this particular analogy, and
the reach of it. Therefore, the students’ attention was drawn to misleading features of
the analogy (in this case places to sit, instead of empty space). To encourage students
to generate other metaphors (Haglund, 2013) (both disciplinary specific and more
provisional) in order to highlight “empty space” could be another productive way of
highlighting content in parallel with the gains and losses around metaphors.

To conclude, metaphoric language is part of the scientific discourse, therefore
an essential characteristic of the scientific “story” (Mortimer & Scott, 2003, p. 18)
and central to the development of scientific literacy. In addition, analogies are
used as pedagogical tools to make visible or explain scientific content. However,
in order for metaphors and analogies to be efficient tools in the science classroom,
they need to be discussed explicitly or reflected upon, for example, in regard to
their reach. The teachers in our study used an abundance of metaphoric language.
At the same time, only seldom were such use discussed explicitly. Through such
discussions, the scientific content is focused on, at the same time as the students
get access to the scientific “story”. For teachers to be able to accommodate such
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discussions, and to get the gains of using metaphors they need to be aware both of
their own use of metaphoric language, and the gains and losses of the metaphors
used. We hope that our study can be a contribution in raising such awareness
among science educators and teachers.
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Chapter 15
Image Design for Enhancing Science Learning:
Helping Students Build Taxonomic Meanings
with Salient Tree Structure Images

Yun-Ping Ge, Len Unsworth, Kuo-Hua Wang and Huey-Por Chang

Abstract Drawing on cognitive theories of graphic comprehension and on systemic
functional semiotics, the intention of this study is twofold: first, to examine the effects
of image design on reading comprehension of science texts; second, to investigate
the process of meaning-making when reading image and verbal text. An experiment
was conducted to test the hypothesis that image designs with salient tree structure can
cue better reading comprehension about the concept of the biological classification
system. A 5-phase interview was developed to investigate the reading comprehension
in different textual conditions. 12 Taiwanese students from year 7 were assigned as
the participants either in a control group to read the text with the textbook images or
in a treatment group to read the same texts but with a salient tree structure image
designed to be more coherent with the textual information. The participants are
further identified in terms of low, medium, and high level of prior knowledge
on the topic according to a pretest. The results support the hypothesis which shows
the textbook image did not efficiently activate as many theme-related meanings
as the tree-structure one. Moreover, there are many misunderstandings embedded
in the design of the textbook image which might also be potential risks for the
other readers. The influence of prior knowledge on the reading comprehension was
negligible. Implications are drawn for the importance of image design in textbooks
and biology pedagogy, and value of extended large-scale research in this area.
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Keywords Image design · reading comprehension · multiple representations ·
meaning-making · tree structure

15.1 Introduction

Images and words are the most common representations used in science textbooks
to mediate modern scientific paradigms (Kuhn, 1972). The complementary use of
images and language constrains the interpretation of each mode by reference to the
other, facilitating deep understanding of the concepts (Ainsworth, 1999). However,
not all images have the same facilitative effects for science learning and it has been
shown that some image designs facilitate more efficient learning than the others
(Canham & Hegarty, 2010; Schnotz & Bannert, 2003). In general, appropriate image
designs can lead to better science learning whereas ill-designed images are possible
causes of misconceptions (Catley, Novick, & Shade, 2010; Eilam, 2013).

The importance of image design has been articulated in many studies which are,
however, limited in a number of ways. First, most studies focus on the images related
to physics (Mayer & Gallini, 1990), chemistry (Seufert, 2003), meteorology
(Canham & Hegarty, 2010), earth science (Lee, 2010), and geography (Schnotz &
Bannert, 2003). Biological diagrams, particularly those depicting abstract concepts in
science learning materials for younger students have received little attention. Second,
many such studies have prescribed how images should be designed to be efficient but
have not included any empirical validation (Fleming, 1987; Kosslyn, 2006). Third,
most of these studies verify hypotheses through quantitative data analysis only and
do not engage in qualitative analyses to determine why some image designs fail to
facilitate efficient learning (Canham & Hegarty, 2010; Schnotz & Bannert, 2003).

Based on our previous finding, there are variant types of image designs which
can represent taxonomic relations (Ge, Chung, Wang, Chang, & Unsworth, 2014).
Some explicitly represent taxonomic relations by tables or tree structures whereas
the others represent these relations implicitly by simply different positions. It has
been claimed that taxonomic images with tree structure may better facilitate readers’
understanding (Ifenthaler, 2010; Nesbit & Adesope, 2006). Furthermore, if visual
cues are explicit enough to highlight the key concept, it is believed the cues can pri-
vilege the recognition of target ideas (Larkin & Simon, 1987). This study investi-
gates the reading comprehension of taxonomic images by manipulating image
design in order to reveal how different image designs affect meaning-making.

15.1.1 Research Questions

1. What are the effects of image design on junior high school students’ reading
comprehension of science texts with an accompanying taxonomic image?

2. Which image design do students judge most appropriate for use in science
textbooks?

3. On what basis do students justify their choice of image?
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15.2 Theoretical Framework

Our theoretical framework integrates both cognitive and semiotic perspectives to
interpret how and why image design influences reading comprehension. The cogni-
tive perspective focuses primarily on the design of an efficient taxonomic image in
concert with words to build a coherent mental representation, while the semiotic per-
spective focuses more on the interplay of semiotic resources in image and language
in communicating meaning. The integration of both perspectives can illuminate an
understanding of the relationship between visual comprehension and semiotic
construction of meaning through image–language relations in science texts.

15.2.1 Cognitive Theories About Image and
Language Comprehension

When reading texts involving multiple representations, comprehension requires
readers to build referential connections between corresponding elements in words
and images (Seufert, 2003). Knowledge construction depends on whether readers
could connect inter-related visual and verbal elements to construct a coherent men-
tal representation. Readers would search for relevant elements across representa-
tions and identify the relevant relations in order to build meanings. If the mental
representations built from a text and relevant image are not compatible with each
other, meaning construction would be difficult due to the process of analogical
structure mapping between different representations (Gentner & Markmann, 1997;
Seufert, 2003). Therefore, the image display plays a crucial role in comprehension.
If the visual representation generated from the image display maps onto the struc-
ture of a mental model then the comprehension will be reinforced. Otherwise, the
meaning construction will be impeded by different representation configurations.

According to Gestalt principles, the visual perception is by no means the sum of
the parts. The perception of what will be regarded as a whole and what will be as parts
is determined by the functional relations of visual elements in an image (Wagemans
et al., 2012). For example, common region is a tendency for the elements within the
same bounded region to be perceived as a group (Palmer, 1992). If the elements within
a given region share property similarity, such as two black dots circled by an oval,
they are more likely to be perceived as a group (Wagemans et al., 2012).

Image structure is thus recommended to be designed to cue specific concep-
tions (Lee, 2010; Schnotz & Bannert, 2003; Seufert, 2003). For example, a world
map representing time difference by time zone format is more efficient in cuing
the understandings related to which kind of the task assessed (Schnotz & Bannert,
2003). It is believed that explicit cues can highlight and thus privilege the recogni-
tion of target ideas (Larkin & Simon, 1987). However, comprehension involves a
variety of interdependencies among the visual elements (Lee, 2010). Some cues
will orchestrate with the whole whereas others might counter the intended effects.
Too many visual cues could overwhelm readers’ cognitive load and lead to no
benefits at all (Chandler & Sweller, 1991).
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With regard to the representation of the classification system, two considerations
are suggested. First, tree structure has been widely accepted as effective in represent-
ing hierarchical relationship through node-link assemblies (Hurley & Novick, 2010;
Novick & Catley, 2007). Usually recognized as cladograms or concept maps, tree
diagrams are powerful tools to represent evolutionary relationships in modern
biology and externalize the structure of conceptual knowledge in a text (Nesbit &
Adesope, 2006; Novak & Gowin, 1984). Second, it is advisable to avoid unneces-
sary details in order not to increase the cognitive load and lead readers astray (Cook,
2006; Paas & van Merrienboer, 1993). Third, prior knowledge is also essential in
considering the effects of image design on meaning construction (Seufert, 2003).
Readers with higher levels of prior knowledge tend to have better and deeper under-
standing of the image and text. For those with insufficient prior knowledge, compre-
hension of visual representation would be difficult and problematic (Cook, 2006).

When reading texts involving multiple representations, comprehension requires
readers to build referential connections between corresponding elements in words
and images (Mayer, 2003; Seufert, 2003). Knowledge construction depends on
whether readers could connect inter-related visual and verbal elements to construct a
coherent mental representation. Readers would search for relevant elements across
representations and identify the relevant relations in order to build meanings. If the
mental representations built from a text and relevant image are not compatible with
each other, meaning construction would be difficult (Seufert, 2003).

15.2.2 A Semiotic Theory of Image and Language Relations

Based on the concept of language as a social semiotic resource (Halliday, 1978), our
semantic framework extends the grammar of visual design (Kress & van Leeuwen,
2006) and intersemiotic identification (Unsworth & Cléirigh, 2009) to interpret
image–text relations. Science texts are highly “packed” in meaning because the lan-
guage configuration has been transformed to represent generalized and abstract ideas
(Halliday, 1998). The process of linguistic unpacking of science texts could restore
hidden meanings that are embedded in the disciplinary discourse.

The grammar of visual design proposes that the meaning-making in images can
be described formally as with a verbal grammar (Kress & van Leeuwen, 2006).
The visual components of a science image are independently self-organized and
structured rather than being a merely duplication of verbal texts. Instead, each
image has three embedded dimensions of meaning: ideational meaning referring
to the meaning of subject matter; interpersonal meaning referring to the relation-
ships between image and readers; textual meanings referring to the meaning of
compositional arrangement of images.

The construction of meaning from the words and images depends on image–
language relations (Unsworth, 2006). Unsworth and Cléirigh (2009) further elaborate
how the meaning can be made by mutual identification. Either image or verbal text
can be used as an “identifier” to identify the other mode. For example, if readers are
not familiar with the image, the language elements can function as identifier to gloss
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the image. On the other hand, when readers are more familiar with the image, then
the image will visualize the language. Therefore, we suggest that either image or text
can be the mode of departure to identify the other. Though this intersemiotic identifi-
cation is proposed from a semiotic perspective (Unsworth & Cléirigh, 2009), it
matches the notion of structure mapping between corresponding elements in different
representations (Gentner & Markmann, 1997; Seufert, 2003). When readers read an
image and a text, the meaning construction requires referential connection from both
resources which interrelate the corresponding elements and corresponding structures
in different representations. However, if the image structure does not agree with the
text, mapping might not be processed successfully and then comprehension will be
impeded (Schnotz & Bannert, 2003).

15.3 Method

This study was mainly concerned with two variables that might affect students’
reading comprehension. One was the impact of alternative image design on read-
ing comprehension of the same text. To investigate this study, we designed an
alternative image, the form of which we believed to be more facilitative in com-
prehending science concepts than the image in the textbook. Our concern was the
effects of alternative image designs. As well as focusing on image design, we also
accounted for prior knowledge as a variable affecting reading comprehension. The
participants were differentiated into low, medium, and high level prior knowledge,
based on the result of a pretest.

15.3.1 5- Phase Interview

Since readers construct meanings integratively from images and text and this process
can be initiated either from image or text (Unsworth & Cléirigh, 2009), the investiga-
tion of visual comprehension was controlled in an interview contexts by first present-
ing the image isolated from the verbal information and then revealing the additional
caption and finally the text in a 3-phase interview (Pozzer-Ardenghi & Roth, 2005).
To investigate visual comprehension further, these novice learners were asked to
evaluate synonymous images. Therefore, a 5-phase interview was developed with
two additional phases (shown as Fig. 15.1). In the first phase, the image-only context,
participants received no verbal information in textual format. The caption was pro-
vided in the second phase. In the third phase, the associated text was revealed. Then,
in the fourth phase participants accessed the same text with the synonymous image.
Finally, in the fifth phase participants were asked to judge one image that they
believed to be more appropriate in science textbook and provide their reasons.

Rather than simply thinking aloud, our participants were invited to express the dif-
ficulties they experienced in relation to understanding particular parts of the image and
text. Furthermore, they were prompted by asking “anything else?” to be exhaustive in
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their interpretation of meanings. All the interviews were coded according to the
themes of the reading material (shown in Fig. 15.3). If the underlying idea of the inter-
pretation was not correct, the contents would be coded as a misunderstanding.

15.3.2 Reading Materials

The reading materials consisted of text and images about the biological classification
system for defining groups of living things on the basis of shared characteristics and
the name of those groups. The image used a laddered structure of classification labels
to identify the grey wolf in seven sequential ranks (shown in Fig. 15.2). All verbal
themes in the text were examined to check if corresponded to the visual elements.
As shown in Fig. 15.3, in addition to the primary theme of naming the grey wolf in

Read only image
Interpret

What does this mean?

What does this mean?

Back to the image, what does it mean now?

What does this mean?

Back to the image, what does it mean now?

What does this mean?

Why do you prefer this one?

Back to the image, what does it mean now?

I

Read the captionII

Read the textIII

Read another image

in different design

IV

Compare 2 images &

Select one preferred

V

Fig. 15.1 The process of 5-phase interview
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the classification system, this image also represented rank order, taxonomic relations
between superordinate and subordinate order, relations between ranks and the number
of animals, and relations between ranks and animal relationships.

According to cognitive load theory, too many colors and locating the classification
terms far from grey wolf could obscure the primary theme. Moreover, the result of
examining the verbal text in Fig. 15.3 revealed that the textbook image was short of
an embedded Theme 4 in which there should be other branches other than grey wolf
to represent the real structure of classification system. Then, as suggested, an alterna-
tive image reformatted with tree structure which reduced the colors to make the grey
wolf salient was created as a treatment image (shown in Fig. 15.4).

15.3.3 Participants

Our participants were 12 students in year 7 from two urban junior high schools in
middle Taiwan who volunteered to take part in the study. These participants were
randomly assigned into either control group or treatment group. The control group
read the control image first and then the treatment image in the fourth phase.
The treatment group had the opposite order of reading the images. According to
the Taiwanese science curriculum, basic notions of classification in biology are

Image: naming grey wolf in classification system
Theme 1: Naming grey wolf in 
classification system

Theme 2: Taxonomic relations
between super-ordinate and
subordinate order

Theme 3: Rank order

Theme 4: Under each rank,
there are multiple subordinated
units in lower ranks.

Theme 5: Relations betwee
rank and the amount of animals

Theme 6: Relation between
rank and animal relationships

Caption: naming grey wolf in classification system

1 Scientists group those species

Verbal text

2 which are closely related to each other into one genus.

3 Similar genera are grouped into a family.

4 Through this way,

5 seven classification ranks are set up,

6 as shown in the right image.

8 “Kingdoms” are the units at the highest rank.

9 Compared to other ranks,

10 the rank of kingdom has greatest variety of living things

11 and the relationships between different kingdoms are most
     remote.

12 “Species” are the units at the lowest rank.

13 Each species contains the living things

14 which have the most similar characteristics and closest
     relationships.

7 These ranks include kingdom, phylum, class, order, family, genus,
   and specie.

Fig. 15.3 Themes embedded in the reading material
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generally taught in the primary school. More advanced notions are located in the
curriculum of year 7. None of our participants had received the relevant lesson on
biological classification before the study.

15.4 Findings

All the interviews were transcribed in Mandarin and coded according to the
themes of the reading material. If the underlying idea was not appropriate, the con-
tents would be coded as a misunderstanding. The effects of image design are
shown by Phases in the following:

15.4.1 Phase 1. Image Only

This phase isolates the participants from verbal information. It is not easy for the
participants to identify the primary theme of the image. Naming the classification
of grey wolf requires the participants to identify seven taxonomic terms in the
ranks. Most participants were struggling in making meaning by picking up some
of the visual elements. Only five could successfully name grey wolf in seven ranks
and make this identification meaningfully. Four out of five are from the treatment
group (shown in Table 15.1). Only one is from the control group.

According to the interview, these participants picked up the theme immediately
without hesitation. For example, a participant, MT2 (the first code M indicating
the level of prior knowledge; the second T indicating the group from), from the
medium level of prior knowledge in the treatment group told how he identified the
theme of the image as follows:

01 Interviewer: What does this image mean?

02 MT2: It (grey wolf) is chordate, mammal, carnivore, Order Canidae, Genus Canis, and
Species grey wolf.

04 Interviewer: How do you know this?

05 MT2: I follow the ascending order (of the yellow boxes in this image).

06 Interviewer: Why don’t you mention the other terms?

07 MT2: Oh, it’s because these all in yellow boxes.

Table 15.1 Identification of the primary theme related to caption in phase 1

Identity prior knowledge Control group Treatment group

#1 #2 #1 #2

Low

Medium ✓ ✓

High ✓ ✓ ✓

246 Y.-P. Ge et al.



According to Line 07, it was the yellow boxes framing the grey wolves which
helped. Though the other participants from treatment group did not mention the
yellow boxes, they all named the grey wolf by classification system. In contrast, the
only participant from the control group, HC1, also did this but on a different basis.

11 Interviewer: What does this image mean?

12 HC1: This lets me know which type grey wolf is.

13 Interviewer: How do you know this?

14 HC1: Coyote looks like grey wolf. But it is not the same species with grey wolf. If
excluding bear from Order Carnivore, then the rest will be Family Canidae. Jellyfish
would be the species most distant from grey wolf. This is the least relationships between
jellyfish and grey wolf.

18 Interviewer: How do you know this?

19 HC1: Because we can only find jellyfish and grey wolf in Kingdom Animal. Jellyfish
is absent hereafter from this row (Kingdom Animal). It is likely that Formosan blue mag-
pie is not mammal because mammals are listed in Order here. Formosan blue magpie
appears (from top) until Phylum. It disappears in Class. Also killer whale is not Order
Carnivore.

24 Interviewer: Why do you say so?

25 HC1: It (killer whale) only presents at mammal (box). It disappears in the rows down
from Order Carnivore. Though red fox looks like coyote and grey wolf, it is not Genus Canis.

28 Interviewer: Why do you say so?

29 HC1: Because it (red fox) only presents (from top) until Family Canis. It is not Genus
Canis.

Based on HC1, the classification is determined by excluding animals from the
boxes. The approach, “if excluding … from …, then the rest would be …” (Lines
14 and 15) is different from that of the treatment group. However, this is not just a
coincidence but shared by the other participants, HT1 and MT1, when they read
the textbook image in Phase 4. As a later stage in the interview, the verbal text
had been revealed but these two participants still made the identification in a man-
ner similar to what HC1 has done in Phase 1. Neither did they use any words
related to classification. Instead, many words with exclusive meaning were used.
All these words are marked in bold face.

30 HT1: This is the result of sieving (the animals) many times. Jellyfish is not a vertebrate
of animal kingdom. So it (this image) separates jellyfish from the group. And then mam-
mals. Birds are not mammals. They are oviparous. Therefore, it (the bird here) is
excluded. In Order Carnivore, whales are not carnivore. They eat algae. Then bears are
not Family Canidae so it (this image) picks fox, coyote and grey wolf out.

40 MT1: Kingdom, then jellyfish disappears (from Phylum Chordata) because jellyfish is
Mollusca, not vertebrate, therefore, it is out of phylum. The next, class, because
Formosan blue magpie is oviparous, therefore (the image) delete it. Killer whale is omni-
vore so delete it. The next, only bear is bear family, the rest are all Family Canidae so
keep them. The next is genus. Fox is not Genus Canis so delete it. The rest are coyote
and grey wolf. Finally only the animal grey wolf is grey wolf species.
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This alternative interpretation is realized like the process of sieving out unwanted
things so that only what is wanted remains. All the participants interpreting via this
alternative approach did not use words related to classify. Meanwhile, the verbs
used by the participants who interpreted the tree-structure image were “differentiate,”
“tell from,” “branch out,” and “classify.” The following is an example.

50 Interviewer: What does this diagram mean?

51 MT2: It is about classification. Carnivores are those differentiated from mammals. And
then it keeps differentiating downward until Species Grey wolf and Species Coyote.

53 Interviewer: What else?

54 MT2: It is clearer to have these animals classified. And, that’s it.

Actually the word “classify” in Chinese means first dividing things into several
parts and then grouping those similar together. We were curious if the image
design cued different ways of defining classification. If this was the case, then the
word use should be different. An examination of the word use related to classifica-
tion was therefore developed. The results in Tables 15.2 and 15.3 show that
almost all the participants used classifying words when reading the tree-structure
image but only two did when reading the textbook image.

In addition to the unusual way of defining classification, a misunderstanding
was generated by reading the textbook image. MC1 identified “kingdom” as
meaning the same as “kingdom animal.”

Interviewer: What does this image mean?

MC1: The classification of all animals.

Interviewer: According to the diagram, how do you know this?

MC1: Kingdom is the category which includes the greatest number of animals. It includes
all the animals.

Table 15.3 Word use of related to classification in interpreting the textbook image

Identity prior knowledge Control group in phase 1 Control group in phase 1

#1 #2 #1 #2

Low

Medium ✓

High ✓

Table 15.2 Word use of related to classification in interpreting the tree-structure image

Identity prior knowledge Control group in phase 4 Treatment group in phase 1

#1 #2 #1 #2

Low ✓ ✓ ✓ ✓

Medium ✓ ✓ ✓ ✓

High ✓ ✓ ✓
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Interviewer: What is kingdom? Have you learned it before?

MC1: Kingdom, mm, is animal kingdom. No, I haven’t.

Interviewer: Can you say again what kingdom is?

MC1: Kingdom is animal kingdom.

We examined the textbook image. The reason MC1 responded in this way was
probably due to these name tags in the same box. This is a design with potential
risk of generating misunderstandings.

15.4.2 Phase 2. An Image with Caption

With the revealing of the caption, the number who could identify the primary
theme increased slightly (shown in Table 15.4). The newly increased member is
one from the treatment group with a low level of prior knowledge. The meaning-
making in the control group involved little change.

Though the meaning-making did not increase markedly in this phase, a new
misunderstanding appeared among the participants with low prior knowledge.
LC2 could not understand why there were so many identical grey wolves as he
misinterpreted these as evolved species.

LC2: This (Formosan blue magpie) is created by means of this jellyfish. And then, the
next are whale and brown bear. One produces two and then more.

Interviewer: What do you mean “one produces two and then more”?

LC2: Finally there are many.

Interviewer: What do these grey wolves mean?

LC2: There are many kinds of grey wolves. This is a grey wolf belonging to Family
Canis. This is another belonging to Genus Canis. This is Order Carnivore. And this is
Family Canis. Grey wolf can be divided into these types.

Interviewer: What else?

LC2: We can tell different kinds of grey wolves. There are many kinds of grey wolves.

Interviewer: Do you think the grey wolf here (in Class Mammal) is the same as the grey
wolf here (in Order Carnivore)?

LC2: No, they are different.

Table 15.4 Identification of the theme related to caption in Phase 2

Identity prior knowledge Control group Treatment group

#1 #2 #1 #2

Low ✓

Medium ✓ ✓

High ✓ ✓ ✓
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LC2 misunderstood that each grey wolf represented a distinct species. This
misunderstanding is similar to the idea that Chinese have many food habits. Some
are vegetarians. Some are omnivore. But all of them are classified as Chinese and
looked very similar. The misunderstanding does not stop here. Both LC2 and LT1
demonstrated similar misunderstandings in Phase 4.

15.4.3 Phase 3. An Image with Caption and Verbal Text

With the revealing of verbal text, more thematic meanings were generated in this
phase (shown in Table 15.5). The gap between low and high group, however, in
this phase became larger rather than narrowing down.

In addition, the way of interpreting hierarchical order was reversed by three partici-
pants, LT2, MT2, and HT2. The original way was top-down from kingdom to species
when provided with one of the images. Now the way was bottom-up from species to
kingdom which was consistent with the verbal text. The following is an example.

LT2: It seems that species grey wolf and species coyote belong to Genus Canis. Then
Genus Canis, Genus Fox, and Genus Lycaon belong to Family Canidae. Family Bear,
Family Canidae, and Family Felidae belong to Carnivora Order.

Interviewer: Why is the direction of your explanation the opposite from what you have
said a few minutes ago? At that time you explained the image from top to down.

LT2: Because it (the verbal text) says that closely related species are combined into one Genus.

Though the verbal text causes a reversion of interpretation, it did not cancel
misunderstandings. Both LC2 and LT1 maintained the misunderstanding about
multiple grey wolves generated in Phase 2. Moreover, a missing Theme 4 was
common among the control group. In contrast, almost all the participants from the
treatment group could determine this embedded meaning. This is a very note-
worthy difference between groups.

15.4.4 Phase 4. With Additional Image, Caption and Verbal Text

By reading an alternative synonymous image, most participants could directly derive
multiple thematic meanings in this phase. In contrast, no participant demonstrated
understanding of more than one thematic meaning in Phase 1. The difference in the
number of participants identifying themes is shown in Table 15.6.

Table 15.5 Number of the themes identified in Phase 3

Identity prior knowledge Control group Treatment group

#1 #2 #1 #2

Low 0 0 0 2

Medium 2 4 3 5

High 3 4 5 4
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In this phase, two synonymous images and all verbal information were
revealed. Most participants made progress in identifying at least two themes. The
rarely identified Theme 4 was now understood by the control group when they
read the tree-structure image (shown in Table 15.7). Only LC1, LC2, and LT1
could not identify this implicit theme.

15.4.5 Phase 5. Image Judge and Justification

Here, the participants were asked to judge which image was more appropriate to
use in textbook. The result shows that 8 out of 12 judged the tree-structure image
as their preferred choice (shown in Table 15.8). The reasons after reorganization
were represented in Table 15.9.

According to Table 15.9, all the reasons referred to ideational meanings. The miss-
ing Theme 4 was identified by LT2, MC1, MT2, HT1, and HC2. The reason to jus-
tify the textbook image by the other four participants was to confirm the helpful cues.

Table 15.7 The timing of identifying Theme 4 among all the phases

Identity prior knowledge Control group Treatment group

#1 #2 #1 #2

Low Phase 1

Medium Phase 4 Phase 4 Phase 1 Phase 1

High Phase 5 Phase 4 Phase 4 Phase 3

Table 15.6 Number of the themes increased from Phase 1 to Phase 4

Identity prior knowledge Control group Treatment group

#1 #2 #1 #2

Low 0→1 0→0 0→0 0→1

Medium 0→2 0→3 1→2 1→4

High 1→4 0→3 1→4 1→5

Table 15.8 Image judge between the textbook image and tree-structure image

Identity prior knowledge Control group Treatment group

#1 #2 #1 #2

Low ♦ ♦ ♣ ♣
Medium ♣ ♣ ♦ ♣
High ♣ ♣ ♣ ♦
♦ represents the textbook image.
♣ represents the tree-structure image.
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15.4.6 The Number of Misunderstandings in the Four Phases

As more information was revealed gradually, the number of misunderstandings
fluctuated in different levels of prior knowledge groups (shown in Figs. 15.5–
15.7). As the more verbal information was provided, it was expected that the mis-
understanding would become fewer. In Fig. 15.5, the participants with low prior
knowledge, however, had even more misunderstandings. LC2 and LT1 had the
most misunderstandings in Phase 3.

Table 15.9 Reasons of selecting an image to be printed in textbook

Selection
prior
knowledge

Tree-structure image Textbook image

Low •
aClassify by more detailed
branches. List all the kingdoms.
(LT2)

• Highlight important places. (LT1)

• Easier to understand by the pictures
and arrows. Label relationships clearly.
(LC1)

• Can see the living things more clearly.
Easier to know the living things by
labeling name tags. (LC2)

Medium •
aClassify by more detailed
branches. (MC1 & MT2)

• Provide more animals for us to
know. (MC2)

• Represent more clearly by deleting
animals which are not included. Help
me to know which animals are
included. (MT1)

High • Can know more kinds of animals.
(HT1)

• Can easily tell the classification of
grey wolf. (HT1)

•
aRepresent classification by
multiple and detailed branches.
(HT1 & HC2)

•
aFind the difference between grey
wolf and the other animals. (HC1)

• Easier to understand. Easier to tell the
classification levels of grey wolf. The
animals for comparison remained and
labeled with names. The arrows and
boxes marking the relations between
relationships and categories are helpful.
(HT2)

arepresents the reason is related to the missing Theme 4.
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Fig. 15.5 Number of the
misunderstandings with low
prior knowledge
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15.5 Discussion

15.5.1 The Effects of Image Design

The 5-phase interview helped us to investigate the effects of image design in different
conditions. Particularly in Phase 1 when the image was isolated from the verbal infor-
mation, the impacts between groups are clear. The tree structure was more successful
in cuing the primary theme. Partly because the tree structure is so commonly used in
representing classification that it quickly maps on to participants’ mental model and
retrieves the relevant concept. In contrast, the participants were not familiar with the
textbook image so that the identification was not as easy as the tree-structure image.
And the indented boxes cue another aspect of understanding classification by sorting
out those that do not share similar characters. The left edge of the textbook image,
regularly indented one by one, is like a v-shape sieve. Together with the common
region formed by those animals repeated vertically, the tendency of grouping a sieve
function mapping mental model so that the interpretations subconsciously used
the verbs related, such as “separate,” “exclude,” “delete,” and “is out of.” In contrast,
the salient tree structure in yellow frame successfully cues the understanding of clas-
sification by grouping those with similar characters. The words used by participants
were “differentiate,” “tell from,” “branch out,” and “classify.” Their interpretations
were highly related to the image design.
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Fig. 15.7 Number of the
misunderstandings with high
prior knowledge
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Actually both methods of interpretation are legitimate in biology. But there are
possible risks for the textbook design. The regularity of these indented edges
might suggest the classification system is neatly organized. Since the textbook
image serves more like a metaphor to represent a rough idea about the classifica-
tion of grey wolf rather than an authentic diagram to illustrate the system. If this
motivation is not perceived by the novice learners, misunderstanding may well
occur. Moreover, the boxes are framed by solid lines, instead of dotted ones,
which also hint that the composition of each rank is real. For example, the animals
in Genus Canis are definitely many more than those represented by the coyote and
grey wolf. In addition, another risk is embedded in the arrangement of name tags.
The coexisting classification ranks and units hint these tags are the same. Thus
MC1 was guided to say “kingdom, mm, is animal kingdom.”

One last problem of the textbook image is the most salient. The system lacks
the other subordinated units other than the single hierarchical line represented by
the name tags. That is, there should be other kingdoms in addition to the Kingdom
animal. Therefore, all the participants from control group did not mention any
other branches until the presence of the tree-structure image according to
Table 15.7. For novice learners, their perceptions were limited by the image. An
important question is why the verbal text could not recover the missing branches?
Due to the nature of science texts, this theme is only embedded among the sen-
tences. So that even after the text was revealed, the meanings remained sealed and
not until the presence of the tree-structure image did the control group start to
identify the existence of other branches.

From the linguistic perspective, mutual identification between representations
provides a possibility to decode the meaning (Unsworth & Cléirigh, 2009). The
already-made meaning construction from Phase 1 to 3 forms a basis for the con-
trol group to comprehend the tree-structure image. It is then easier to identify
multiple themes and find out the missing theme unrepresented in their previous
reading.

On the other hand, the cognitive perspective argues that comprehension
requires readers to build referential connections between corresponding elements
across representation modes (Seufert, 2003). If both words and image don’t pro-
vide any referents as in the reading materials experienced by the control group,
these novice learners could not possibly build Theme 4 by themselves. Only when
the tree-structure image offers an alternative visual cue can the participants then
recover the missing Theme. If meaning-making in reading comprehension is like
solving a jigsaw puzzle, then the revelation of new information could offer clues
to complete the original work.

15.5.2 The Effects of Verbal Text

The 5-phase interview helped us to see the effects of image design in different
contexts of textual affordance. Many people might take for granted that readers
would have better understanding about an image if additional verbal text were
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provided. To some extent, this is the case. However, if the image design is not
appropriate, the text is limited in facilitating further comprehension.

The influence of the text is first shown by the shift of the meaning constructions
after the text was revealed. Three participants reversed their way of interpreting the
classification system and shifted to follow the bottom-up order of the verbal text. By
reversing the direction, the structure mapping between representations and mental
constructions can be resolved finally. If the image was read in association with the
verbal text in the interview from the beginning, this change would not have been
found. A second aspect of the addition of the text is that, although the text provided
access to more understanding of the topic, the control group were still unable to
identify Theme 4, suggesting that the image viewed by this group did not prompt
interaction with the text to reveal this implicit theme to the participants.

15.5.3 The Influence of Prior Knowledge

The influence of prior knowledge is clear by comparing the results through phases.
When those with medium or high prior knowledge could discern thematic theme in
Phase 1, none of the participants from low level of prior knowledge were able to
achieve this. Even when the majority of participants had successfully identified mul-
tiple themes in Phase 4, these low participants were still struggling. What they had
identified remained as the surface features of the image, such as the animals or name
tags. Their perception of the images was so disparate that no integrated meanings
could be made to map with the verbal one. Moreover, as Fig. 15.3 reveals, even
with the text, these participants still seemed unable to make more meanings and the
text only offered more possibilities for them to mix their piecemeal perceptions into
misunderstandings. In contrast, those who had more prior knowledge, as shown in
Figs. 15.5 and 15.6, were able to use the text as a key to successfully decode the
image. Therefore, their misunderstandings decrease in successive phases.

15.5.4 Participant Image Choices and Reasons

The ultimate theme identification in Phase 4 also resonates with the outcomes of
the participant choices of images in Phase 5. The reason why the tree-structure
image was judged as the more appropriate to use in textbooks relates to the eva-
luation of these two images. The representation of tree-structure image seemed
more intelligible, plausible, and fruitful in interpreting the classification system,
thus supporting it as a more efficacious image. In their reasons for preferring the
tree-structure image, LT2, MC1, MT2, HT1, HC2, and HC1 mentioned their
awareness of the missing Theme 4. These participants included those who had
low and medium levels of prior knowledge, which is a further confirmation of the
significance of the tree-structure image in cueing meaning construction for these
students. Therefore, the judgment is significant.
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15.6 Conclusion and Implications

The 5-phase interview helped us to see the effects of image design in different
contexts of textual affordance. Two synonymous images represented the same
topic but were associated with different reading comprehension results. As a
powerful tool verified by the interview data, the salient tree-structure image design
cues taxonomic relations more successfully than the original textbook image
design. The factor of image design is crucial in meaning-making either from the
image alone or from the image in combination with text.

The presence of verbal text could facilitate the comprehension. However, the facili-
tation is limited by two ways. First, it is limited by the nature of science text.
Particularly when the image fails to represent a complete structure of the concept. The
meaning-making of novice learners depends mostly on the nature of the image repre-
sentation. The ill-designed image will result in either reading difficulty or misunder-
standings. The representation of the tree-structure image is more consistent with the
current scientific paradigm and compensates for the absence of missing theme in the
text. Therefore, it facilitates better reading comprehension than the textbook image.

Second, a greater amount of semiotic information does not necessarily guaran-
tee better understandings. The effect of the extent of semiotic information depends
on readers’ prior knowledge. For the readers with better prior knowledge, the cap-
tion and verbal text offer resources of mutual identification and enhance compre-
hension. However, for those readers with poor prior knowledge, the additional
verbal text just cast more information to confuse them.

The tree-structure image is judged to be superior by the majority of partici-
pants. Through the comparison of two images, even as novice learners, our partici-
pants could discern the key differences between them. An effective image design
is not difficult for learners to identify.

However, without effective pedagogic intervention, student reading of science
materials might generate many misunderstandings. This suggests that teachers
should develop explicit pedagogy to help students to comprehend the science
materials. Particularly for those students with poor prior knowledge who struggle
even when they are provided with ample semiotic resources.

Our findings inform the future research a deeper concern about image design.
The results provide valuable information by arguing for textbook publishers,
science teachers, and science educational researchers. The design of our treatment
image offers empirical evidence to support the principles of image design
(Fleming, 1987; Kosslyn, 2006). Though the findings from the interviews offer in-
depth insight about the effects of image design, they were derived from the experi-
ence of a small number of participants. Nevertheless, the findings suggest the
value of a large-scale study to investigate in greater breadth and depth the effects
of variation in image design on student comprehension of science concepts from
their interpretation of image–language relations in science texts.
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Part 5
Disciplinary Literacy and Science Inquiry



Chapter 16
Inquiry-Based Science and Literacy: Improving
a Teaching Model Through Practice-Based
Classroom Research

Marianne Ødegaard

Abstract This chapter is based on the outcomes of The Budding Science and
Literacy research project in Norway. The project included several video-based class-
room studies, which aimed to continually improve a teaching model of integrated
science inquiry and literacy instruction in collaboration with practicing science tea-
chers (six primary teachers and their students). The main aim of this chapter is to use
these studies to improve and clarify the model so the essential features are easily
communicated to users. The data sources for the studies were classroom video obser-
vations and interviews. The main analytical approaches were (i) variations in multiple
learning modalities (read-it, write-it, do-it, talk-it) and (ii) the distribution of different
phases of inquiry (preparation, data, discussion, communication). The results indicate
that literacy activities embedded in science inquiry provide support for teaching and
learning science. The greatest challenge for teachers is to find the time and courage to
exploit opportunities for consolidating conceptual learning in the discussion and com-
munication phases. Investigation on students while they communicated their inquiries
revealed that students’ word knowledge develops toward conceptual knowledge
when they are required to apply the key concepts in their talk throughout all phases
of inquiry. In interviews, students expressed that literacy and the role of text in
science was not clear. Nevertheless, multiple literacies emerged, “schooled” and
everyday literacy practices, when students connected literacy to science inquiry.

Keywords Inquiry-based science education · literacy · conceptual understanding ·
literacy practices · video study

16.1 Introduction

In this chapter, a teaching model based on the importance of inquiry and literacy
in science is explored through several studies conducted as part of the Budding
Science and Literacy project (Ødegaard, Haug, Mork, & Sørvik, 2014). All of the
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studies (Haug, 2015; Haug & Ødegaard, 2014, 2015; Melhus, 2015; Ødegaard
et al., 2014; Sørvik, Blikstad-Balas, & Ødegaard, 2015; Sørvik & Mork, 2015)
elaborate on different aspects of the Budding Science teaching model. The results
are summed up, and implications for the teaching model are discussed. The focus
is on improving and clarifying the model so the essential features are easily com-
municated to users, who are mainly science teachers in elementary and secondary
schools.

Inquiry and literacy have a twofold role of providing structures that support
science content learning and being important areas of content knowledge in the
science curriculum (Knain & Kolstø, 2011; Norris & Phillips, 2003; Wellington &
Osborne, 2001). Pearson, Moje, and Greenleaf (2010) claimed that science and lit-
eracy serve each other and that a curriculum based on the two will provide
synergy effects. Science learning benefits from embedded literacy activities, as lit-
eracy learning benefits from being embedded within science inquiry.

16.2 Local Context

When the Norwegian national curriculum in science was changed in 2006 and
then revised in 2013, the reform was in line with international trends in science
education. The revised curriculum includes an increased focus on science inquiry,
scientific practices, and the nature of science (Abd-El-Khalick et al., 2004;
Ministry of Education and Research, 2006/2013; National Research Council,
2012; Rocard et al., 2007), with a new cross-curricular demand to integrate subject
literacies, denoted as basic skills, in all subjects (reading, writing, arithmetics,
oral, and digital competence). However, implementation studies showed that the
demand to focus on basic skills did not seem to be understood and thus was not
perceived as meaningful by teachers (Møller, Prøitz, & Aasen, 2009), which led to
the adjustment in 2013 (Mork, 2013) (see Chap. 2, Knain and Ødegaard).

As a consequence of the new curriculum, many teachers expressed that teaching
inquiry-based science was challenging, especially when it was combined with basic
skills. This teaching style was new to them, and they lacked teaching resources and
models. The promotion of the Budding Science teaching model was an attempt to
meet the teachers’ requests for resources and develop a framework for how inquiry
and literacy together might foster good science teaching and learning.

16.3 Inquiry-Based Science, Scientific Literacy, and Literacy

Inquiry involves engaging students in critical thinking to deepen their understand-
ing by using logic and evidence about the natural world (Crawford, 2014). Inquiry
includes being curious, asking questions, designing and carrying out investiga-
tions, interpreting data as evidence, creating arguments, building models, and
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communicating findings (Barber, 2009). The Budding Science and Literacy
project’s understanding of science inquiry concurs with Crawford’s (2014) and
Barber’s (2007) interpretations.

Inquiry-based science is often described as consisting of various inquiry fea-
tures and is a “multifaceted activity” (National Research Council, 1996) that
involves posing questions (Chinn & Malhotra, 2002), exploring (Bybee et al.,
2006), testing hypotheses (Gyllenpalm Wickman, & Holmgren, 2010), designing
and carrying out investigations (Crawford, 2014), analyzing data (Krajcik et al.,
1998), making explanations based on evidence (Barber et al. 2007), and debating
and communicating findings (Wu & Hsieh, 2006). Some present inquiry-based
science as inquiry cycles, for example, the 5E learning cycle model (Bybee et al.,
2006) that consists of the Engagement, Exploration, Explanation, Elaboration, and
Evaluation phases. The Seeds of Science/Roots of Reading program describes
several inquiry cycles with increasing sophistication in the ways students employ
evidence to form logical explanations (Barber et al. 2007). However, Bell,
Urhahne, Schanze, and Ploetzner (2010) emphasized that inquiry processes do not
appear in a fixed order and should not be interpreted as steps in a linear fashion.
In a recent review of inquiry-based learning studies, Pedaste et al. (2015) identi-
fied from various inquiry cycles five distinct general inquiry phases: orientation
(stimulating curiosity, addressing a learning challenge), conceptualization (stating
theory-based questions and/or hypotheses), investigation (planning exploration or
experimentation, collecting, and analyzing data), conclusion (drawing conclusions
from the data, comparing inferences with research questions), and discussion (pre-
senting findings by communicating with others and/or engaging in reflection).
These phases have several possible pathways and do not necessarily occur in
cycles. The Budding Science and Literacy project describes inquiry-based science
through four phases: preparation, establish data, discussion, and communication
(Ødegaard et al., 2014).

An understanding of scientific inquiry and the nature of science is fundamental
to the development of scientific knowledge and scientific literacy, and the notions
of scientific literacy continue to be discussed. DeBoer (2000) suggested a broad
conceptualization of scientific literacy that included the public’s understanding
and appreciation of science. Norris and Phillips (2015) noted that the concept of
literacy in general has transitioned from being defined as the “ability to read and
write” to include “having education and knowledge typically in a specific area”
and that scientific literacy refers to being educated and possessing knowledge in
and about science.

However, literacy, as the ability to read and write, is fundamental in order to
engage in science inquiry and is a crucial part of scientific literacy. Literacy, in its
fundamental sense, is based on the essential role of text in science and involves
reading and writing and being fluid in the discourse patterns and communication
systems of science (Norris & Phillips, 2003). Specific literacy practices that under-
lie science have often been seen as tools that help scientists do science, not as
essential features of the nature of science. Norris and Phillips (2015) stated that
scientific literacy practices should be incorporated into science teaching and
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learning as a natural part of science itself, just as observations are. Further, Norris
and Phillips explained how science and reading involve inquiry by analyzing,
interpreting, and taking a critical stance on information. Pearson et al. (2010)
pointed out how doing inquiry-based science also has synergy effects on students’
reading abilities because students use the same cognitive strategies.

Focusing on scientific literacy practices as a natural part of school science falls
under the perspective of Vision I of scientific literacy defined by Roberts (2007);
it looks inward at the products and processes of science itself. Vision II of scienti-
fic literacy is portrayed as related to situations with a scientific component that
students are likely to encounter as future citizens. Roberts describes the relation-
ship between the two visions as “these two visions [are] in a kind of mating dance
wherein they complement one another” (2007, p. 730). Vision I forms the basis of
Vision II, but Vision II can provide a context for making Vision I relevant to
students (Roberts, 2007). Inquiry-based science in the Budding Science and
Literacy project provides contexts that transcend the subject of science, bringing
in the students’ everyday lives and other socioscientific issues, thus relying on the
broad perspective of scientific literacy included in Vision I and II.

16.4 Inquiry-Based Science and Literacy Studies

Several promising science and literacy projects have supported employing literacy
tools with doing inquiry to acquire knowledge in science. In a review, Pearson
et al. (2010) emphasized among many the Concept-Oriented Reading Instruction
(CORI) program (Guthrie et al., 1996; Guthrie, Wigfield, & Perencevich, 2004).
The CORI framework emphasized the role of science and science inquiry as a set-
ting to provide students with various types of interaction that facilitate reading to
promote reading engagement through content-area learning. Palincsar and
Magnusson (2001) developed the Guided Inquiry Supporting Multiple Literacies
research program, in which firsthand investigations (hands-on) and secondhand
investigation (consulting the text to learn from others’ interpretations) were com-
bined to support teachers’ and students’ participation in science inquiry. The
Seeds of Science/Roots of Reading program (Cervetti, Pearson, Bravo, & Barber,
2006) is described as an approach with multiple modalities in which inquiry-
oriented reading, writing, and talking activities are embedded within hands-on
scientific inquiry (see Fig. 16.1 from Pearson et al., 2010). In the Nordic action
research project, Students as Researchers in School Science (Knain & Kolstø,
2011), language and literacy activities were developed as important support struc-
tures for science inquiry (Bjønness & Kolstø, 2015). Large-scale studies have
shown that integrated inquiry-based science and literacy activities lead to
improved learning outcomes (Cervetti, Barber, Dorph, Pearson, & Goldschmidt,
2012; Fang & Wei, 2010). However, there have been calls for more research to
understand the challenges teachers encounter in the classroom when they integrate
science and literacy (Howes, Lim, & Campos, 2009).
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16.5 The Budding Science Teaching Model

When the Budding Science teaching model was first developed, it was greatly
influenced by other science and literacy projects. The main idea was that class-
room teaching should consist of systematic variation of inquiry activities, which
implies that students use multiple learning modalities (doing, reading, writing,
talking) (see Fig. 16.2). This model was consistent with the Seeds of Science/
Roots of Reading teacher program (Cervetti et al., 2006). Science, as a
knowledge-building enterprise, naturally includes inquiry and multiple activities,
such as doing experiments, reading scientific articles, writing reports, and present-
ing and discussing scientific studies. The model proposed that by systematically
varying the learning activities, students in science education were to learn more
about the nature of science and gain multiple learning experiences connected to a
science topic, and thus obtain more robust knowledge.

The students also systematically alternated between firsthand and secondhand
investigations to make meaning of the world surrounding them. Firsthand investi-
gations are practical “hands-on” investigations, and secondhand investigations are
text-based investigations that involve texts written about scientific studies per-
formed by others (Palincsar & Magnusson, 2001). In the program, text-based
inquiries were integrated as a natural part of science inquiries as in academic
science and showed how texts can enhance and support “hands-on” inquiries.
The continuous shift between firsthand and secondhand inquiries was a crucial ele-
ment of the model. The students practiced searching for evidence and arguments
in experience-based information and text, and this activity supported the

Students model the process

of erosion by shaking hard

candles in a jar and observing

the candles get smaller

Students create an

illustrated storyboard to

chronicle the erosion of

an ocean cliff.

Students read a

book about erosion

and the natural

forces that can

cause it.

Students discuss the risks

of building a house on a

cliff overlooking the

ocean.

DO it!

Talk it!

Read it!

Write it!

Fig. 16.1 An approach with multiple modalities to learning about the concept of erosion (Barber
et al., 2010) (adapted from Pearson et al. 2010)
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development of scientific language (Barber et al., 2007; Mork, 2005). The inten-
tion was for students to understand more about the dynamics between data and
text in authentic science (Norris et al., 2008) and to recognize the synergy effects
of inquiries in science and literacy (Cervetti et al., 2006; Pearson et al., 2010).

Another important feature of the initial Budding Science teaching model
(Ødegaard, 2011) was that teachers explicitly focus on metacognition, modeling
learning strategies and formative assessment, during the multiple classroom activ-
ities. The students were also systematically reminded to link their own work to the
nature of science context and the end product of the inquiry. The teacher was to
provide reasons for his or her pedagogical choices and make his or her teaching
methods visible, so the students understood why they were doing what they did.
This integrated model (not only teaching what the students should learn but also
how they should do it; Weinstein, Bråten, & Andreassen, 2006) has also been used
successfully in projects such as Communities of Learners (Brown, 1997) and
CORI (Guthrie et al., 2004). Research conducted in Norwegian lower secondary
reading and science classrooms indicate that explicit teaching strategies are not
used systematically (Anmarkrud & Bråten, 2009; Ødegaard & Arnesen, 2010). The
objective of explicit teaching strategies was that the students gained a metacogni-
tive understanding and insight into their own learning strategies, and consequently
the students’ ability to transfer knowledge should increase. Lave and Wenger
(1991) described this as transparency in the learning process: the use of tools (here:
learning strategies) and understanding the use are integrated. In concrete situations,
“transparency” makes knowledge and understanding more available to students.
The nature of science was also made transparent. In this program, the students read
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Fig. 16.2 The first Budding
Science teaching model
(Ødegaard, 2011), inspired
by Barber et al. (2007)
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narratives of scientists’ work connected to the theme and performed practical
inquiry activities that made the students see the links between learning and doing
inquiry in science education and scientists’ knowledge building.

16.6 The Budding Science and Literacy Research Project

To evaluate the Budding Science teaching model, a research project was designed.
Several studies were completed during the research project using various cases
with a range of perspectives. These studies used the same data material and consti-
tute the basis for this review.

To develop a functional and valuable teaching model, there was a need for
researchers to work closely with teachers and students. Interested and experienced
elementary school teachers were invited to enroll in a professional development
course based on inquiry-based science and literacy, operationalized through the
Budding Science and Literacy teaching model. Thus, the teachers’ professional
classroom competence was combined with researchers’ competence in science
education. The teachers tried out classroom activities between course meetings
and reflected together with researchers about the purpose of evaluating the practi-
cal experiences with the teaching model. To elaborate and increase students’
knowledge about inquiry and literacy in science classrooms, a classroom research
project was designed. The aim of the project was to study how the interaction
between inquiry-based science and literacy could support the teaching of science
and students’ meaning making in science. The research findings from the various
studies are presented here with a discussion of how they guided the improvement
of the Budding Science teaching model.

16.7 Methodological Design

All studies in the Budding Science and Literacy project had the same methodolo-
gical design: a combination of video observations and interviews. Video observa-
tions enabled analysis and comparison of different layers of activities in order to
search for patterns (Ødegaard & Klette, 2012). The focus was to explore how an
inquiry approach influenced literacy activities in science classrooms and vice
versa. Analyzing videos of classroom activities provides an overview of the varia-
tion and succession in the inquiry and literacy activities (Ødegaard, Haug, Mork,
& Sørvik, 2014). This video analysis formed the basis for several in-depth studies
(Haug, 2014, 2015; Haug & Ødegaard, 2014, 2015; Sørvik, 2015; Sørvik et al.,
2015) by providing a database of systematically coded activities that could under-
pin the selection of cases for further investigation.

Six teachers from four schools and their students were studied during a sequence
of science lessons (five to ten lessons per teacher) (see Table 16.1 for more
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information). The grades ranged from first to fifth grade. The teachers were
recruited from a professional development course that engaged them in the
Budding Science and Literacy teaching model. All of the teachers used adapted
versions of Seeds and Roots units with teacher guides (Barber et al., 2007) as curri-
culum resources. This included several short student textbooks in various genres,
student investigation notebooks, and materials for hands-on activities. The teacher
guides presented the do it, talk it, read it, and write it approach linked to special
topics and urged teachers to expose students to these multiple learning modalities
while learning central concepts (e.g., system, structure, and function in the “Body
systems” unit and observation, evidence, and inference, included in all units).
Although the teachers were encouraged to follow the teacher guide closely, this
was not required. Each lesson was videotaped in a classroom overview angle. In
addition, two students in each lesson wore a head-mounted camera to capture stu-
dent dialogue and activities (Frøyland, Remmen, Mork, Ødegaard, & Christiansen,
2015). Teachers and a selection of students from each classroom were interviewed.

For the overview analyses, a coding scheme was developed for two layers of
activities: learning modalities (oral, reading, writing, practical) and inquiry phases
(preparation, data collection, discussion, communication; see Table 16.2). The
video recordings were analyzed with Interact coding software, and the occurrence
and duration of each code were recorded (Ødegaard et al., 2014). The in-depth
project studies analyzed the video observations and teacher and student interviews
(Haug, 2014; Sørvik, 2015).

16.8 Review of Studies: Findings

All studies in the Budding Science and Literacy project used the coding as the
starting point for further analyses. An overview of this coding was published in
the article “Challenges and Support in an Integrated Inquiry and Literacy

Table 16.1 Overview of background information about participating teachers, schools, and
recordings (adapted from Ødegaard et al., 2014)

Teacher Years of
teaching

Science
creditsa

Grade No. of
students

School location Total video rec.
(in min.)

Anna 0–5 16–30 5 14 S 343

Betsy 11–15 16–30 1 18 R 165

Birgit 11–15 16–30 4 24 R 426

Cecilia 20+ 16–30 3 19 S 540

Ellinor 11–15 31–60 3 16 R 224

Emma 20+ 16–30 3 21 R 269

(Suburban/Rural) Σ 1967
aGeneralist teacher education includes 16–30 ECTS credits in science (60 credits is 1 year full-
time study).
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Teaching Model” (Ødegaard et al., 2014). In addition to providing an outline of
the Budding Science and Literacy data material, this study explored how the rela-
tionship between multiple learning modalities and science inquiry might challenge
and support the teaching and learning of science. The video observations were
analyzed using the coding scheme presented in Table 16.2, and variations in multi-
ple learning modalities and the distribution of different phases of inquiry were
scrutinized. The inquiry phases were identified in an iterative process as the
researchers reflected on theory and watched video examples of classroom activ-
ities. Four overarching inquiry phases were distinguished: preparation, data, dis-
cussion, and communication, which were operationalized by what were identified
as central inquiry processes (Table 16.2). A graphical representation of the main
findings is presented in Fig. 16.3. A summary of the coding for all six classrooms
revealed that the inquiry phases had separate patterns. For example, the multiple
learning modalities were well distributed in the preparation and data phases,
whereas the discussion and communication phases were characterized mainly by
oral activities. Four of the six teachers spent less time in the discussion phases
than the teacher guides suggested. This result implies that the teaching resources
for an integrated inquiry and literacy approach in science could include increased
support for teachers to provide their students more time in the discussion phase of
their inquiries. Designing a greater range of learning modalities to scaffold the dis-
cussion phase is suggested.

The study “From Words to Concepts. Focusing on Word Knowledge When
Teaching for Conceptual Understanding in an Inquiry-Based Science Setting”
(Haug & Ødegaard, 2014) aimed to investigate how two teachers’ instruction sup-
ported the development of students’ conceptual understanding from the prepara-
tion phase to the communication phase of an inquiry. The two teachers were
selected based on the criteria frequent use of science concepts and incidents of stu-
dents communicating their understanding based on hands-on activities (Figs. 16.4
and 16.5). The video observations were used to analyze the classroom discourse

Table 16.2 Coding scheme for video analysis, based on visible classroom activities (adapted
from Ødegaard, Mork, Haug, & Sørvik, 2012, Ødegaard et al., 2014)

Category Specific codes

Inquiry Preparation Background knowledge/wondering/researchable
questions/prediction/hypothesis/planning

Data Collection/registration/analysis

Discussion Discussing interpretations/inferences/
implications/connecting theory and practice

Communication Orally/in writing/assessing their work

Multiple
learning
modalities

Oral activities Whole class/group/pair/individual

Writing activities Whole class/group/pair/individual

Reading activities Whole class/group/pair/individual

Practical activities Whole class/group/pair/individual

Focus on key concepts
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Fig. 16.3 Variation in multiple learning modalities during the inquiry phases summarized for all
teachers and displayed in coded minutes (adapted from Ødegaard et al., 2014)
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and talk actions, using a combination of students’ conceptual understanding
(Bravo, Cervetti, Hiebert, & Pearson, 2008) and the teachers’ use of link-making
strategies (Scott, Mortimer, & Ametller, 2011) as the analytical framework.
Conceptual understanding involves understanding words in context and in relation
to other words within the discipline. There is a continuum from low and passive
word knowledge to active word knowledge in context; considered to be concep-
tual knowledge (Bravo et al., 2008) (see Table 16.3).
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Communication

Discussion

Data

Preparation

40

Fig. 16.5 Durations of the inquiry phases for the six teachers. Anna and Birgit spent more time
discussing data (Ødegaard et al., 2014)

Table 16.3 Framework for word-knowledge (Haug & Ødegaard, 2014). Based on Bravo et al.
(2008)

A
ctive w

ord-know
ledge  

C
onceptual know

ledge
Level of 
word-knowledge

Cognitive 
processes

Explanation

Low Recognition Knowing how the word sounds or looks when it is written. 
Passive -

standing of the meaning of the word or its implications.
Relationship Knowing the word’s relationship to other words and concepts.
Context Knowing how to use the word in context. 

Application Knowing how to apply the word in context when engaging in 
inquiry about the phenomena being taught. Linking the word 
to the empirical data. 

Synthesis Knowing how to employ the word when communicating 
the emerging knowledge about the phenomena under study. 
Solving problems in new situations by applying acquired 
knowledge.
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The study showed that there were clear differences between the two classrooms
when students communicated their inquiry results. In one classroom, the students
demonstrated a low passive level of conceptual understanding, whereas in the
other classroom, the students displayed an active level of conceptual understand-
ing. This difference was linked to the observations that in the first classroom the
teacher reformulated the students’ answers, and she was the one who used the key
concepts. In the second classroom, the students were requested to use the concepts
through all inquiry phases, and the students actively used everyday language as
the starting point in discussions. The transformation from passive to active con-
ceptual understanding detected in the second classroom is a quality the Budding
Science teaching model attempts to pursue. Conceptual understanding is closely
linked to the practice of formative assessment (Haug & Ødegaard, 2015).
Although the Budding Science and Literacy project emphasized key concepts and
the teachers expressed great commitment to teaching the key concepts, the ana-
lyses of the classroom practices disclosed few observations of teachers adapting
their teaching when students revealed a lack of understanding (Haug & Ødegaard,
2015). Haug (2014) distinguished between planned and spontaneous teachable
moments that can foster conceptual understanding and suggested using consolidat-
ing phases of inquiry (discussion and communication) for planning teachable
moments of conceptual understanding.

Some of the published studies in the Budding Science and Literacy project
focused especially on how literacy was connected to science (Sørvik, 2015;
Sørvik et al., 2015; Sørvik & Mork, 2015). In the article “Do Books Like These
Have Authors? New Roles For Text and New Demands on Students in Integrated
Science-Literacy Instruction in Primary School” (Sørvik et al., 2015), the aim was
to investigate students’ emerging situated literacy practices in science classroom
inquiries and identify how texts are actually used in science. In this study, student
interviews were used in addition to video observations. The students’ encounters
with and use of text in specific literacy events (activity where text plays a role)
were analyzed by drawing on the New Literacies Studies perspective (Barton,
2007)—seeing literacy as a situated social practice. Students’ views and experi-
ences related to science and science texts articulated in the interviews were also
analyzed to enrich the picture. Literacy events constituted more than 50% of the
video-recorded time, indicating that text played an important role in the science
classrooms involved. Multiple literacy practices emerged, within the contexts of
science and school and the students’ everyday life. Inquiry processes opened up to
include students’ everyday literacy practices in the science classroom. However,
the student interviews revealed that literacy and the role of text in science was not
clear to the students. Thus, the utterance: “Do books like these have authors?” The
study indicated that explicit attention is needed for how science texts have a sen-
der and a receiver and are written for a purpose, and awareness of representational
and communicative aspects of science and school science. Sørvik and Mork
(2015) asserted that there will always be multiple school science literacies because
of the changing nature of learners’ lived lives in the digital information age.
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In addition to studying conceptual understanding and students’ literacy prac-
tices in science a small study explored on how creativity was fostered in the
Budding Science and Literacy project (Melhus, 2015). Inquiry is closely linked to
creative thinking (Kind & Kind, 2007; Vygotsky, 1930/2004) and one of the fea-
tures of the Budding Science and Literacy model was to link students’ creative
ways of doing inquiry to the creative ways scientists build knowledge. Analyses
of four parts of a teaching sequence were conducted. The focus was on how the
teacher promoted creativity in inquiry-based science teaching. Melhus (2015)
found that by explicitly modeling, emphasizing, and encouraging the use of imagi-
nation and diversity of ideas during inquiry, the teacher stimulated the students to
use their creativity during inquiry tasks. The teacher gave positive or neutral feed-
back to students and in that way created a pleasant and trustworthy environment
for the students, where it was acceptable to make mistakes.

16.9 The Improved Budding Science Model: Discussion

The improved Budding Science teaching model represented in Fig. 16.6 maintains
the central principles from the first model. However, the model has been simpli-
fied; some elements are emphasized, and others are de-emphasized. In addition,
some new elements are included. The model still has a core of multiple learning
modalities. Do it! Read it! Write it! Talk it! appeared to be an important and viable
slogan and was kept as the central idea of the model. Teachers expressed that the
slogan helped them remember to diversify their teaching with different learning
activities and in that way automatically practice basic literacy skills. For each topic
within a content area, the students are to do something hands-on, talk about it,
read about it, and write about it. The order of the activities attempted to be authen-
tic, determined by how the activities support the investigations in which the stu-
dents are engaged. For instance, before investigating how to make the best glue,
the students read about materials and properties, observe possible glue ingredients,

Distinct teaching strategies

Key concepts

Formative assessment

How do scientists work?

(Nature of science)

Explicit teaching:

Students
Teacher

Inquiry phases

Read it!   Do it!

Write it! Talk it!

Prepare Discuss

Data Communicate

Variation of activities

Fig. 16.6 The new improved
Budding Science teaching
model
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and write down their predictions of what makes the best glue, do a glue testing
experiment, register their data in a table, and discuss their results, before they
compare their findings to other glue tests in the literature. Eventually students also
design their own experiment based on the previous experiments and new ideas.
When teachers create their own teaching sequences, the teachers should be aware
of which role text should play in the inquiry and think of where to place text in
the teaching sequence (e.g., being introduced to new concepts; learning to make a
data table). The authenticity links the investigation to the way scientists naturally
alter their working mode to continue their research, but as indicated by Sørvik
et al. (2015), the link between literacy practices performed in everyday life (e.g.,
searching the Internet for information on a new topic), school science (e.g., search-
ing for information in a science textbook), and scientific literacy practices (search-
ing for and reading science articles to prepare a new study) must be explicitly
expressed. In this way, literacy practices become a natural part of science itself as
asserted by Norris and Phillips (2015). However, Phillips and Norris (2009)
reminded us that authentic scientific journal articles use argument to convince the
reader of the study’s value. Science textbooks and trade books primarily use expo-
sition; thus, the language is not argumentative. Phillips and Norris suggested
adapting primary literature texts for school science purposes. Although the
Budding Science teaching model does not include adapted texts, through student
inquiries, with naturally integrated literacy practices, the need for expressing
evidence-based arguments will increase.

16.10 Four Inquiry Phases

Several of the studies in the Budding Science and Literacy project showed the
importance of the different inquiry phases (Haug, 2015; Haug & Ødegaard, 2014;
Ødegaard et al., 2014). Including the four inquiry phases (preparation, data, dis-
cussion, and communication) in the Budding Science model became imperative
(see Table 16.2).

The preparation phase is characterized by activities such as wondering, making
questions, activating preknowledge, making predictions and hypotheses, planning.
In this phase, the teacher has a crucial and supportive function in helping the stu-
dents find interesting inquiries and find suitable and informative texts. It is impor-
tant that the students feel ownership for their inquiries.

In the data phase, the students collect empirical data. They also register and
analyze the data that are collected. How to register and analyze is crucial and
requires critical thinking. The inquiry questions to be answered determine how the
data should be analyzed, which, in turn, influences how to register the data.

In the discussion phase, the students discuss the meaning of their collected
data. This phase includes discussing different interpretations, making inferences,
discussing how the findings connect with theory, and making implications. Did
the students’ findings coincide with their predictions and hypotheses? In the
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discussion phase, the students try to explain and make meaning of their results by
exchanging experiences, discussing interpretations, and drawing conclusions.

In the communication phase, it is essential that those who make inquiries—
scientists or students—communicate their work to others. It can be done in an oral
presentation, a written report, or a combination (a research poster they have
written).

Although the phases are presented and often appear in this order, they did not
always occur in that sequence. Discussing results occurs all the time, and it is not
unusual that a communication phase and a discussion phase are entangled, and
that a discussion might appear when a group of students communicate their results
to their classmates. The focus of the discussion phase is continuously on interpre-
tations and inferences based on data, which are findings that are presented during
the communication phase. Scientists ensure the quality of their work by presenting
and discussing it with other scientists and, thus, agreeing on what is reliable new
knowledge. Likewise, when students are requested to present and discuss their
work, they build and consolidate knowledge. This entanglement of discussion and
communication resembles the discussion phase in Pedaste and colleagues’ (2015)
review of inquiry cycles. Table discussions can also appear in smaller sub-
inquiries that arise during the main inquiry, for instance, while planning experi-
ments or registering data when students try out different alternatives before they
make a decision. In the Pedaste et al. framework, these discussions are part of the
main inquiry phases (e.g., investigation or conclusion), and in the 5E inquiry cycle
(Bybee et al., 2006), the act of discussion is not emphasized in any of the phases.

As described in the Methodology section, the four phases in the Budding
Science and Literacy model were first developed as empirical video codes to pro-
vide an overview of the inquiry activities involved in the project. Thus, the phases
are based on visible classroom activities, unlike the 5E instructional inquiry cycle
(Bybee et al., 2006) and the phases of inquiry-based learning identified by Pedaste
et al. (2015) that are based on analyses to find the core features of inquiry-based
learning. The concrete, visible activities are recognizable to teachers and connect
easily to the Budding Science phases. Consequently, the Budding Science phases
were retained in the model, but the phases may be reconsidered in future improve-
ments. However, activities involving learner discussions in which students make
evidence-based arguments, draw inferences, and debate implications are important
consolidating activities for knowledge building in science and reading (Klette,
2013; Norris & Phillips, 2003); therefore, it is crucial that they are highlighted
through the discussion phase.

16.11 Explicit Teaching

The significance of the link between formative assessment and key concepts
became evident through the research project. For students to understand feedback
during a teaching sequence, they had to be acquainted with the aim of the lesson.
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Relating the aim to central concepts made teachers and students more focused
during the learning process. The teachers expressed increased confidence in teach-
ing science topics when the teaching focused on central key concepts. The tea-
chers could then design learning activities in which students used the key concepts
to expose their understanding (Haug & Ødegaard, 2014, 2015).

Thus, the improved Budding Science Model includes a focus on a small num-
ber of key concepts for each science topic that the students meet repeatedly
through writing, doing, reading, and oral activities. Key concepts are defined as
words that are central for students to learn when they investigate a certain science
topic. They could be scientific concepts linked to distinct science topics, like habi-
tat or digestion, or science inquiry concepts that are necessary for planning and
conducting investigations in science topics, such as observation, prediction, evi-
dence, hypothesis, or conclusion. These concepts convey how scientific knowl-
edge comes into existence and are important tools in classroom dialogue.
Scientific and science inquiry concepts are required to do inquiries into scientific
issues (Haug & Ødegaard, 2014).

The Budding Science model includes a strong emphasis on students seeing
links between how they might find answers to their own questions and how scien-
tists do it. By systematically asking the following questions when students do
inquiry, they gain awareness of what characterizes scientists’ work and knowledge
of science: how do we resemble scientists? What would a scientist do? How
would a scientist find a solution? Students also get to know how their own creative
endeavor and hard work in the science classroom resemble what scientists do
(Melhus, 2015; Ødegaard, Haug, Mork, & Sørvik, in press). Although the school
science inquiries are mostly guided, they are based on students’ curiosity and stu-
dents finding answers to their own questions. Several of the metacognitive strate-
gies the students use in doing so resemble the ones scientists use (Norris &
Phillips, 2003; Pearson et al., 2010).

16.12 Conclusions

The studies in the Budding Science and Literacy project demonstrated that the
improved Budding Science model should put more emphasis on students using
their own data in reflective discussions and in literacy activities. It is imperative to
recognize the different phases of science inquiry. The model should stress the
importance of students using a small selection of key concepts actively together
with everyday language. The model should encourage students’ own literacy prac-
tices and link them to science practices and encourage modeling the use of imagi-
nation, not the “correct” scientific answer.

The Budding Science and Literacy studies support that ownership of data
seems to be an important force of engagement. Literacy activities might provide
scaffolding for discussing inquiry data and thus help teachers pay more attention
to the challenging discussion phase when teaching science. Inquiry creates
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engagement that can be taken advantage of in reading, writing, and oral activities.
In return, reading, writing, and oral activities offer structure to inquiry in science.
And most importantly, most teachers who have used the Budding Science model
express deep satisfaction with the multiple learning modalities. Hopefully, the
teaching model will influence the future learning environments the teachers create
for their students.
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Chapter 17
Infusing Literacy into an Inquiry Instructional
Model to Support Students’ Construction of
Scientific Explanations

Kok-Sing Tang and Gde Buana Sandila Putra

Abstract Disciplinary literacy is increasingly emphasised as an important enabler
for students to learn science inquiry. However, the nature of literacy instruction
and how it supports inquiry-based science in practice still remains unclear. This
chapter reports on the design and enactment of an integrated literacy-inquiry
instructional model aimed to support students’ development of disciplinary lit-
eracy in science. With the goal of understanding how literacy instruction supports
inquiry-based science in practice, the study reported in this chapter utilised a
design research to develop, enact, and test the literacy-inquiry model in four sec-
ondary school science (physics and chemistry) classrooms in Singapore.
Analytical cases are shown to illustrate the nature of the literacy activities involved
in the classrooms, and how they supported science inquiry in terms of: (a) framing
driving question, (b) conducting experiments and collecting evidence, (c) con-
structing explanations and (d) communicating and evaluating explanations. The
cases also illustrate how the participating teachers utilised and integrated literacy
activities to support inquiry in their classrooms in order to enable the students to
construct and communicate scientific explanations.

Keywords Disciplinary literacy · science inquiry · scientific explanation

17.1 Introduction

Recent curriculum reforms and standards around the world have increasingly
emphasised the role of inquiry and literacy in the teaching and learning of
science (see this book volume). This has resulted in a growing attention to the
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synergy between inquiry and literacy. In the USA for example, researchers have
explored the intersection between the Next Generation Science Standards
(NGSS; National Research Council, 2012) for science education and the
Common Core State Standards (CCSS; Council of Chief State School Officers,
2010) for literacy education, and arrived at the consensus that three scientific
practices outlined in NGSS are highly relevant to literacy. In particular, the prac-
tices of constructing scientific explanations, engaging in argumentation and com-
municating information are central to literacy and science inquiry (National
Research Council, 2014).

Various studies on the role of literacy in inquiry-based science have highlighted
that literacy and inquiry are complementary (Fang & Wei, 2010; Hand et al.,
2003; Ødegaard, Haug, Mork, & Sørvik, 2014; Pearson, Moje, & Greenleaf,
2010). Pearson, Moje, and Greenleaf (2010, p. 459) argued that ‘when science lit-
eracy is conceptualised as a form of inquiry, reading and writing activities can be
used to advance scientific inquiry, rather than substitute for it’. Fang and Wei
(2010) found that students from an inquiry-based science curriculum infused with
an explicit reading strategy instruction performed better than those exposed to
only an inquiry-based science curriculum. Overall, these studies raise questions of
how literacy can be used as a tool to support inquiry-based science, and conver-
sely, how literacy instruction can benefit when embedded within an inquiry-based
learning setting.

Although the need to integrate literacy and inquiry is apparent, much remains
unclear about how exactly literacy instruction supports inquiry-based science in
practice. Moreover, there is a need for more research to understand how science
teachers integrate literacy instruction with inquiry-based learning, and the chal-
lenges they face in classrooms (Howes, Lim, & Campos, 2009). For instance,
some studies revealed that teachers spent significantly more time on the prepara-
tion and investigation phases of the inquiry and less time on discussion, writing
and student presentation of their understanding (Ødegaard et al., 2014; Poon,
Lee, Tan, & Lim, 2012). In particular, Tan, Talaue, and Kim (2014) highlighted
that in Singapore, inquiry-based science often takes the form of guided inquiry
with little emphasis on student discussion and exploration. Thus, there is a need to
find ways to support teachers in using literacy instruction to support their inquiry-
based lessons.

With these challenges in mind, the purpose of this study was to examine the
role of infused literacy in supporting scientific inquiry within a design research
carried out to develop, enact and test an integrated literacy-inquiry instructional
approach in Singapore. Through the design research, four teachers enacted multi-
ple lesson units designed to integrate literacy in inquiry-based lessons. For this
study, we focus on the construction of scientific explanations as the targeted scien-
tific practice to be learned by the students through the lesson units. Our choice in
foregrounding scientific explanation does not imply the neglect of other scientific
practices listed in NGSS. Instead, we see these other scientific practices, such as
engaging in argumentation and communicating information, as necessary and

282 K.-S. Tang and G.B.S. Putra



leading to students’ ability to construct scientific explanations. The research ques-
tions that guided this study were:

1. How is scientific inquiry supported through the literacy activities (e.g. reading,
writing, talking) enacted by the teachers in the classrooms?

2. How do these inquiry-literacy activities support students in constructing scien-
tific explanations?

17.2 Theoretical and Instructional Frameworks

17.2.1 Scientific Inquiry and Inquiry-Based Teaching

Scientific inquiry generally refers to the activities and processes scientists engage
in to study the natural world. As many researchers have noted (Crawford, 2000;
Keys & Bryan, 2001), inquiry in general is not a specific teaching method nor cur-
riculum model that dictates how students should learn. Instead, inquiry should be
considered as a set of disciplinary-specific skills to be developed among science
students (Settlage, 2007). As such, besides an approach to science instruction (i.e.
teaching by inquiry), science as inquiry (i.e. teaching for inquiry) is also a goal in
itself in which students engage in the skills of inquiry as a way to learn about
scientific practices as well as develop conceptual understanding in science. For
two decades, inquiry has been a key focus in many science curricula around the
world (National Research Council, 1996). However, with the recent development
in NGSS, there is now a notable shift to use the term ‘practice’ instead of ‘inquiry’
in order to highlight the awareness that engaging in scientific inquiry require a
range of practices specific to science (Ford, 2015). These practices, as documented
in NGSS, are: asking questions, developing and using models, planning and carry-
ing out investigations, analysing and interpreting data, using mathematics and
computational thinking, constructing explanations, engaging in argument from
evidence, and obtaining, evaluating, and communicating information.

There are currently a number of inquiry-based pedagogical approaches that
incorporate these essential features of inquiry. A popular pedagogical approach
among science teachers in Singapore (Lau, Wong, Chew, & Ong, 2011) is the 5E
Inquiry Model (Bybee et al., 2006), which consists of five phases of inquiry:
Engage, Explore, Explain, Elaborate and Evaluate. At the beginning of the cycle,
the Engage phase gets learners engaged with a puzzling natural phenomenon
through the use of short activities that promote curiosity and elicit prior knowledge.
Next, the Explore phase provides learners with first-hand experiences or real-world
contexts to investigate the phenomenon further. They may complete laboratory
activities or conduct preliminary investigations. The Explain phase then involves
learners in building scientific ideas and generating explanations of the phenom-
enon. This phase also provides opportunities for teachers to directly introduce
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scientific concepts involved in the explanation. In the Elaborate phase, learners are
provided with new questions and contexts for them to apply their new knowledge
so as to deepen and extend their conceptual understanding and explanation skill.
Finally, the Evaluate phase encourages learners to assess their own understanding
and teachers to evaluate learners’ progress towards the learning objectives.

17.2.2 Disciplinary Literacy

This study is informed by the research literature on disciplinary literacy.
Disciplinary literacy refers to the specific ways of talking, reading, writing and think-
ing valued and used by people in a discipline in order to successfully access and
construct knowledge in that discipline (Moje, 2007). The argument for teaching dis-
ciplinary literacy in schools stems from the awareness of adolescents finding it more
difficult to comprehend and produce complex texts in the subject areas (Shanahan &
Shanahan, 2008). Research has also shown that different disciplines have specialised
ways of communication which students need to master in order to be successful in
the discipline (Lemke, 1990; Schleppegrell, 2004). Thus, the higher level literacy
skills demanded in the discipline are not something that students can easily learn on
their own as they differ significantly from everyday language and communication. A
common literacy skill that is challenging for many science students is the construc-
tion of written scientific explanation (Wellington & Osborne, 2001).

A new development in disciplinary literacy is the increasing recognition that lit-
eracy is inherently multimodal (Kress, Jewitt, Ogborn, & Tsatsarelis, 2001). Thus,
literacy is not confined to reading, writing and the use of print media, but also
extends to specific ways of drawing, graphing, doing, acting and gesturing. Many
literacy and science education researchers (Cervetti, Pearson, Bravo, & Barber,
2006; Ødegaard et al., 2014; Tang, Ho, & Putra, 2016; Tytler, Prain, Hubber, &
Waldrip, 2013) have incorporated a multimodal approach into their conceptual fra-
meworks to foster and analyse the development of disciplinary literacy. For instance,
the Seeds of Science/Roots of Reading program by Cervetti et al. (2006) uses the
do-it, talk-it, read-it and write-it literacy approach to expose students to multiple
learning modalities during the inquiry process. The do-it component involves hands-
on manipulation of apparatus, objects or modelling tools. The talk-it component
involves students discussing with one another or their teachers. Lastly, the read-it
and write-it components involve reading and writing activities respectively.

17.2.3 Scientific Explanation and PRO Strategy

The construction of scientific explanation is both an important literacy skill out-
lined in CCSS and one of the scientific practices outlined in NGSS. As such, one
of the goals in our study was to help students develop the skill of constructing
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scientific explanations. Informed by work in the philosophy of science and
systemic functional linguistics (SFL), we developed a literacy strategy called PRO
(Premise-Reasoning-Outcome) to explicitly support students in constructing oral
and written explanations. This strategy was conceptualised based on our under-
standing of the structure of a scientific explanation, which comprises three primary
components: (a) premise, (b) reasoning and (c) outcome (Putra & Tang, 2016;
Tang, 2015, 2016a).

From the philosophy of science, the premise provides the basis of the explana-
tion. A premise can be a natural law or ‘law-like’ statement that is well established
and accepted in the scientific community, or it can be a general theory or big idea
that connects multiple phenomena with an overarching framework (Braaten &
Windschitl, 2011). Once a law or theory is established – and until they are invali-
dated by the scientific community, scientists seek to use them as the basis to
account for the phenomenon in the explanation. As the basis or ‘first cause’ of an
explanation, the premise therefore does not require further elaboration or justifica-
tion in the context of the explanation. (However, this does not mean that students
should not question the source of their knowledge for the premise.)

In SFL, Halliday and Martin (1993) identified an explanation as one of the
four major genres commonly found in scientific texts, besides information report,
experimental report and argument. A genre has distinct functional stages which
can be identified on the basis of lexical and grammatical shifts in the text
(Martin, 1992). The functional stages of an explanation genre are phenomenon
identification (what is being explained), implication sequences (series of logical
clauses) and closure (Unsworth, 2001; Veel, 1997). The implication sequences,
which are grammatically joined by the use of conjunctions (e.g. because, subse-
quently, although, if), comprise the reasoning part of the PRO structure.
Unsworth (1998) calls the patterns of logical relations formed by conjunctions
the ‘language of reasoning’ within an explanation and they are responsible for
building up the causation of the explanation and leading to the outcome of the
PRO structure. (For examples of scientific explanation using a PRO structure, see
Tang, 2015.)

17.2.4 Literacy-Inquiry Instructional Model to Foster
Scientific Explanation

As Singapore teachers are familiar with 5E Inquiry Model, we decided to adopt it
as a starting model and modify it by infusing several literacy strategies. While the
essence of the pedagogical model is still inquiry, there is also an additional focus
on literacy, specifically on writing. The literacy-infused inquiry model features lit-
eracy activities to support fostering both conceptual knowledge and disciplinary
literacy skills. The revamped model is summarised in Table 17.1. A key difference
in this model lies in the Explain stage where the epistemic practices of writing
scientific explanation are being taught through the PRO instructional strategy,
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such as understanding how an explanation works, differentiating the functions
among the premise, reasoning and outcome, and identifying relevant laws or the-
ories as premises. This emphasis on explanation is in response to research that
found explanation construction is not widely implemented in most inquiry-based
instruction (Ruiz-Primo, Li, Tsai, & Schneider, 2010). To support the PRO
instructional strategy, the Engage and Elaborate stages also provide students
with the necessary phenomenon and context to formulate their explanation.
Additionally in the Explore stage, students are required to discuss and come up
with an initial explanation which may elicit students’ prior knowledge and poten-
tial misconceptions.

17.3 Methodology

17.3.1 Research Context and Design

The data for this chapter were taken from a 3-year design research project aimed
at developing disciplinary literacy instruction in science. The project involved two
government secondary schools and four physics and chemistry teachers: John,
Anne, Kathryn and Derrick. These teachers were recommended by their school
leaders to participate in the project on the basis of their teaching experience and

Table 17.1 The literacy-infused inquiry model (Italics denote emphasis on literacy)

Stage Activity description

5E Model Literacy-Inquiry Model

Engage • Engaging students in experiments
that trigger their prior knowledge

• Engaging students in problems or
situations that they need to solve

• Engaging students in experiments, video
demonstration and/or reading activity to
explore a phenomenon

• Students or teacher introduce a problem to
explore and solve

Explore • Students exploring the earlier
activity further through hands-on
activities

• Students exploring and discussing the
activity/problem further

• Students presenting their initial
understanding

Explain • Students providing explanation
• Teacher providing the necessary
vocabulary, concepts and
explanation

• Students learning the necessary
vocabulary, concepts and epistemic
practices involved in constructing
explanation (using the PRO strategy)

• Students writing explanation

Elaborate • Students applying their new
knowledge to related but new
situations

• Students applying their new knowledge to
related but new situations

• Students presenting their elaboration

Evaluate • Teachers evaluating students’
conceptual understanding

• Teachers or students evaluating conceptual
understanding
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willingness to implement new teaching strategies. There were 106 student partici-
pants, with 86 students in 9th grade and 20 students in 10th grade.

Prior to the intervention phase of the research, most of the teachers were
observed to focus on conceptual understanding and teach their students mostly
through a traditional way of lecturing and giving practice questions. During the
research intervention, all the teachers attended three workshops on disciplinary lit-
eracy conducted by the research team where they were introduced to the literacy-
inquiry instructional model and PRO instructional strategy. They also regularly
brainstormed and codeveloped lesson plans based on the literacy-inquiry instruc-
tional model on various topics with the research team. Although the lesson plans
and instructional approaches were codeveloped, all the teachers had the liberty to
enact the lessons on the ground according to their teaching styles and preferences
as well as the environmental constraints. Thus, part of the value of this study was
to examine how the various teachers interpreted the literacy-inquiry instructional
model and integrated the model (with the PRO strategy) into their existing teach-
ing practices.

17.3.2 Data Sources and Analysis

The data used in this study included video records of classroom observations and
students’ artefacts. A total of 68 hours of video records were collected during the
intervention research phase. The videos were then viewed and segmented using
Transana software into discrete units according to discernible boundaries in order
to facilitate coding and annotation. Episodes of literacy activities were identified
and transcribed for further analysis using discourse analysis (see Tang, 2016b for
further elaboration of the segmentation and coding process). Students’ artefacts
collected included notes, worksheets and laboratory manuals. These artefacts were
primarily used as secondary data to corroborate our findings. This study adheres
to the ethical principles outlined by the Institutional Review Board concerning
research involving human participants. All names used in this chapter are pseudo-
nyms to ensure confidentiality.

17.4 Analyses and Findings

From the analysis of the classroom videos for features of inquiry and literacy, we
identified four features of inquiry: (1) framing driving question, (2) conducting
experiments and collecting evidence, (3) constructing explanations and (4) com-
municating and evaluating explanations, commonly found in various stages of the
5E inquiry model enacted by the teachers. We also identified the nature of the lit-
eracy activities that supported each feature of inquiry. In the following, we show
several analytical cases to illustrate how the teachers utilised and integrated
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literacy activities to support inquiry in their classrooms in order to enable the stu-
dents to construct scientific explanations.

17.4.1 Framing Driving Question

A driving question forms the core of scientific inquiry, serving as a starting point
of inquiry to shape investigation. According to the National Research Council’s
(2000) recommendation, the level of inquiry can vary from an open inquiry where
students formulate their own questions to a guided or structured inquiry where stu-
dents investigate questions provided by the teachers. In Singapore where students
tend to be more reserved, it is more common for teachers to provide the driving
question to guide students through the inquiry process (Tan et al., 2014).
However, in this study, we observed that the teachers did not simply state the
inquiry question but carefully framed the question through literacy activities.
These literacy activities support the inquiry process by providing the context for
understanding the problem space set by the question.

For example, in an inquiry lesson unit on Electrolysis, the teacher Anne began
her lesson with a reading activity consisting of an article for her students to read
and follow-up questions for discussion in groups. As the concept of electrolysis
could not be easily encountered in daily life, the article provided the students a
preliminary idea of electrolysis to ground their subsequent inquiry experience. The
follow-up questions, which included asking students to write down their predic-
tions of the outcome of the electrolysis of water, also elicited the students’ initial
understanding. At the end of the reading activity, Anne gathered the students’
responses by projecting some of the groups’ written answers onto a screen.

Some of the groups had different initial understanding of electrolysis despite
having read the same article. One group of students understood electrolysis as ‘elec-
trical decomposition’ while another as ‘[using] electricity to analyse something’.
One group predicted that water would produce ‘hydrogen and oxygen’ (unclear if
they meant gases or atoms) while another predicted that water would be split into
its atomic constituents, ‘hydrogen and oxygen atoms’. Through this reading activity,
Anne elicited competing points of view and engaged in a dialogic discussion
(Mortimer & Scott, 2003) with her students. In her feedback to the students, Anne
frequently had to reiterate there was ‘no right or wrong’ answer as this was only
their ‘first understanding’. This assurance was necessary as the students were used
to having the teachers provide the right answers. In fact, the initial uncertainty and
puzzlement served as the basis for the subsequent inquiry tasks to, in Anne’s words,
‘refine [their understanding] towards the end’. It also set the context for Anne to
frame the driving question or objective for the topic, ‘what is electrolysis and its
outcome?’ as a preamble to the next activity of conducting experiments.

In another example, Kathryn adopted a different approach to frame the driving
question for her inquiry lessons on Qualitative Analysis. Instead of reading and
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predicting, she immersed her students in a real-world problem and engaged in a
conversation with them to frame the question for the inquiry collaboratively. She
began her lesson by holding a test tube filled with a colourless solution that she
claimed to be a water sample from Ang Mo Kio (a housing estate in Singapore)
that had been suspected to cause stomach ache. She asked her students to smell
and visually inspect the sample to confirm if it was indeed water. They agreed that
the sample looked like water but refused to drink it. She then questioned them
why, but nobody gave a reason, and she continued asking if they would want to
know what was inside the sample, as shown here:

Speaker Utterance

Kathryn Why are you so keen to find out what’s inside?

Students (inaudible)

Kathryn Why are you so keen to find out what’s inside? Do you want to drink it?

Student 1 Yes (softly) …
Kathryn Then what do you think you want to do, if you don’t want to drink it? You say

that no, maybe you think it is not safe. But how do you know it’s not safe?
The many questions that I’ve asked you, you keep referring me back to
water. You say it does resemble water. So why are you not drinking it?

Student 2 Because of ions (inaudible)

Kathryn Okay, I see somebody is trying to experiment. Miranda, hold up higher.

Unlike Anne, Kathryn did not elicit different points of view to create ‘conflict’
and uncertainty among her students in order to frame the driving question. Rather,
she established a consensus among the students and led them to the element of
‘unknown’. She managed to initially convince her students that the sample she
brought was water by appealing through their everyday knowledge of water – that
it is colourless and odourless. Despite their suspicion that the water could contain
something, as reflected by their refusal to drink it, they could not disprove
Kathryn’s claim. Their limited ability to disprove the claim created the problem
space of inquiry that they lacked the chemistry knowledge to be able to collect
relevant evidence and also drove them to be ‘keen to find out what’s inside’ the
water. As a matter of fact, out of curiosity, a student Miranda quickly tested the
water using blue litmus paper to see if the water was acidic. Unlike typical class-
room dialogue where a driving question is readily given by teachers without much
context or rationale, here Kathryn skilfully challenged students to the problem,
and this allowed her to frame a driving question for the topic, ‘how could we
know what is inside the solution?’

The two examples above illustrate how literacy activities of reading, writing
and whole-class discussion could be utilised to support the framing of a driving
question in an inquiry-based pedagogy. In both examples, the driving question
surfaced through the various literacy activities in a manner that made the students
more motivated to find out more in subsequent activities. In addition to piquing
and maintaining their curiosity and interest, the integration of literacy activity also
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enabled the students to construct scientific explanations at the later stage of the
lessons by providing them with the context or problem space that they had to
address in their explanations.

17.4.2 Conducting Experiments and Collecting Evidence

The next inquiry feature identified was conducting experiments and collecting evi-
dence to address the driving question framed at the earlier stage. Literacy activities
that were utilised by the teachers to support students in conducting experiments
and collecting evidence included providing guidance for multimodal observation,
reading and translating experimental procedures, and discussion.

In the earlier example of the ‘mystery water’ problem, Kathryn had framed the
inquiry question for the topic of Qualitative Analysis. To support the subsequent
experiments and data collection, she proceeded to guide her students on how they
could observe and record their observations. She asked them to ‘look at [her]
action’ and demonstrated the scientific procedures of collecting data. These
included adding dilute aqueous hydrochloric acid into a test-tube of water sample
drop-by-drop, and writing the action taken as accurate as possible right after per-
forming the action, including the amount and manner of adding chemicals.
Furthermore, Kathryn provided the scientific terms that the students should use to
accurately describe their actions such as ‘adding dropwise’ and ‘pouring in
excess’, and their observations such as ‘white precipitate is observed’ and ‘no visi-
ble reaction’. These activities supported the students on how to record their experi-
ments properly so that they could get accurate and precise data to be interpreted
and used as evidence in the subsequent explanations (Shanahan, Shanahan, &
Misischia, 2011).

Additionally, reading experimental procedures and carrying them out methodolo-
gically is an important aspect of scientific inquiry. This requires the ability to ‘trans-
late’ inscriptions (Latour & Woolgar, 1979) from one form to another (e.g. from
written instructions to adding acid to mixture, from the colour of litmus paper to a
coded table) and underscores the literacy tasks undertaken by scientists to produce
data and evidence (Tang, Tighe, & Moje, 2014). In this respect, literacy activities
can be designed to help students translate inscriptions in the process of conducting
experiments and collecting evidence. For instance, Kathryn taught her students how
to translate an experimental procedure into a flowchart. This included creating ‘a
flowchart to help [students] see what [was] going on’ in the experiments by using
boxes and arrows, as illustrated in Fig. 17.1. The procedural information from the
text was decoded into a visual representation that was more functional and helpful
in the visualisation of the experiment (Shanahan, Shanahan, & Misischia, 2011).
Consequently, the translation of the experimental procedure into the flowchart
allowed the students to conduct the experiment methodologically following the
norms and conventions of experimental chemistry. Furthermore, the students were
asked to record their findings in the flowchart for a reference, which would later be
used in the next stage of constructing scientific explanations.
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17.4.3 Constructing Explanations

Constructing scientific explanations of the phenomenon based on accepted the-
ories and collected evidence is an important process in scientific inquiry.
However, many students have difficulty in this area even though they may have
the necessary scientific knowledge or concepts related to the phenomenon.
Traditionally, teachers tend to provide the articulation of scientific explanation and
emphasise the necessary facts and information contained in the explanation, rather
than getting students to think about the epistemic processes of constructing an
explanation such as the nature of an explanation, how an explanation works and
how scientists construct explanations. What was different in this study was that
the teachers incorporated the PRO literacy strategy to support their students in
learning these epistemic processes involved in scientific explanations.

For example, in a physics lesson on forces, John introduced the PRO strategy to
his students after several students expressed their difficulty in writing an explanation:

Janice tells me that, ‘I don’t know how to phrase the answer’, or, ‘I don’t know how
to phrase the explanation’. Well, what you can do that is, in science when we craft our
answer, you could actually follow this model, P-R-O, PRO. So basically, you start with
your Principle, any science principle that you have or you know of. Obviously I
haven’t taught you any science principle on Forces. You can use any principle that you
know, that you have learnt before. And then what is the Reason for it happening and
how does it explain the Outcome. Obviously your Outcome has already come out
here (pointing to the screen). Alright, so try to use a Principle that you have known and
some Reasons to explain your Outcome.

In this instruction, John briefly stated the steps needed to construct explanations
and elaborated the elements of PRO. As the lesson progressed, he modelled to the
students how to craft the explanation using the PRO in a step-by-step manner and
supplied them with a writing template as a form of scaffolding (Fig. 17.2). The

Principles

Reasoning

Outcome

(What follows from
the principles?)

(What is your
conclusion?)

When the skater was pushing

According to Newton’s

Therefore,

Thus,

force

,

,

a force

a

(What do you know?
What laws/principles
involve? What’s the
concept behind?)

Fig. 17.2 Written scaffolding on John’s students worksheets
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scaffolds consisted of a table to organise each element of PRO, elaboration of
each element of PRO as reminder, adverbs such as according to and conjunctions
such as when, therefore, and thus to signal and connect the clauses together into a
logical and coherent sequence. The written scaffolds were gradually removed in
order to let the students practise writing without any explicit support.

The form of scaffolding was not restricted only to a written mode such as the table
in Fig. 17.2. In another lesson on Density where the inquiry question was: ‘why does
a raisin in soda water sink and float again numerous times?’, John co-constructed the
explanation orally with his students using an Initiation-Response-Feedback (IRF)
classroom discourse pattern (Mortimer & Scott, 2003). John integrated his question-
ing techniques with the PRO strategy and asked specific questions to elicit particular
element about the epistemic structure of the explanation. He asked ‘what did you
observe?’ to elicit the Outcome, and ‘why?’ and ‘what happens?’ to prompt a chain
of Reasoning from his students. In sum, John used the PRO structure to help the
students explain the dancing raisins phenomenon systematically, as shown here:

Speaker Utterance

John Usually by principle … you can state the formula or definition of density.…
Density is mass per unit volume. What did you first observe? Let’s write down the
observation. The raisin, the moment you put it in, actually most of them actually?

Student Sink

John Outcome is the raisin sink. So why do you think the raisin will sink?

Student Due to fact that they are more denser than (inaudible)

John Due to the density of the raisin is higher …. And so your raisin sink. After that,
what do you observe? The raisin actually?

Student Float

John Why did the raisin float?

Student Carbon dioxide …
John Now what actually happens to the carbon dioxide gas bubbles?

Student Attach itself to the raisins

John Yes, it attached itself to the raisins. The gas bubbles attached themselves to the
raisins. And when it is attached to the raisin, what happens to it? What increases?

Student Volume

John The volume increases. The volume increases. So what happen when the volume
increases?

Student Average density decreases

John The average density decreases. The average density decreases. So, so what’s the
outcome? The raisin with the air bubble?

Student Floats

The teaching of the PRO structure is crucial in enabling the construction of
scientific explanation in the inquiry process. The PRO structure serves as a literacy
tool for the students to synthesise their earlier inquiry activities and findings.
The context, ideas and concepts that students had gathered from the earlier activities
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were assembled into a coherent logical sequence to answer the initial driving ques-
tion. For example, as illustrated in Fig. 17.3, segment 1 and 2 showed a student’s
initial prediction and explanation (although inaccurate) respectively prior to the
experiment which shaped the context (i.e. about the sinking or floating of a raisin)
of the problem. In segment 3, which was written after the experiment, the student
wrote a more accurate version of the phenomenon through a visual representation
of the experiment and, together with John’s lecture on density, the relevant concept
(i.e. density) for the explanation. Finally, in segment 4, the ideas from the first three
sections were integrated using the PRO structure, which provide a more comprehen-
sive and coherent explanation of the phenomenon observed.

17.4.4 Communicating and Evaluating Explanation

In the pursuit of scientific inquiry, communication and evaluation of ideas and
explanations are crucial as scientific ideas and explanations must reach a consen-
sus within the scientific community. Reflecting this idea of a consensus, science
students should therefore communicate their findings to their peers and subject
them to peer critiques. There are various ways to do so and in this study,
we observed that oral presentation of the students’ works (by the teachers or the
students) was the preferred literacy activity taken by the teachers to support this
communication aspect of the inquiry.

Fig. 17.3 A student’s work of predicting, observing and explaining the raisin experi-
ment (divided into 4 segments that show the progression of explanation construction)
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Kathryn, for example, tasked her students to present their explanations in
front of the class so that they could practise communicating and evaluating each
other’s explanations. In the following excerpt, a group of students presented
their explanation of the electrolysis of dilute aqueous copper (II) sulphate
solution. Throughout the presentation, Kathryn evaluated their explanation
continually.

Speaker Utterance

Pauline My group did the dilute aqueous copper (II) sulphate. There we observed that
effervescence occurs at the anode and reddish-brown coating is formed on the
cathode.

Kathryn On the cathode. That piece of pencil lead, is it? Okay.

Pauline Then our group explanation is, at the anode, OH and SO4 …
Pauline At the anode, OH− and SO2, erm, SO4

2− ions are attracted to the anode.

Kathryn Good. Pause there. Alright, did you hear what she said? Do you agree?

Students (nodding heads)

Kathryn Yes, ah. All your negative ions will be attracted to the anode. Okay, continue.

Gaby SO4
2− ions are not discharged.

Kathryn Are not discharged? Okay. Instead …?

Gaby Instead, OH− ions are preferably discharged as oxygen gas.

Kathryn How do you know?

Pauline Because effervescence is observed at the anode.

(…)

Gaby At the cathode, H+ and Cu2+ ions are attracted to the cathode.

Kathryn Yes

Gaby Copper is less reactive than hydrogen, that’s why it is discharged as copper metal.

Kathryn Copper metal. Yes. And?

Gaby Which forms the reddish-brown coating.

Kathryn Okay.

Gaby Reddish brown coating on the cathode.

Kathryn Yes. Okay. Girls, how many of you saw this? How many passed by this station
and you saw that the pencil lead, there was actually pink coating on it? Erm, reddish
brown coating?

Students *raise hands*

Kathryn All managed to see that? Okay. Good. Right. Okay. Continue. Is there anything
else that you want to share with us with regard to your observation?

Zhiwen The remaining solution is acidic because H+ ions SO4
2− are left.

Kathryn Okay. Because H+ ions and SO4
2− ions are left. How do you know that it’s

acidic? You just guessed it?

Pauline It forms sulphuric acid.

Kathryn Yeah. But how do you know when you were carrying out the experiment?

Zhiwen Test using litmus paper.
(continued)
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(continued)

Kathryn Okay. You tested using the litmus paper. Alright. What happens to the litmus
paper? To prove that is acidic solution?

Zhiwen Blue litmus paper turns red.

Kathryn Alright. Thank you very much.

We can see from the above excerpt that Kathryn sought the students’ agreement
to the presenters’ explanations by continually pausing the presentation and asking
the rest of the students if they had the same or agree with the observation and
explanation. This action ensured that there was a consensus among the students
that the explanation presented was conceptually sound. In addition, Kathryn also
assessed the explanation by probing with ‘how do you know?’ to get the presen-
ters further justify their explanation. By doing so, she ensured that the explanation
was completely based on evidence gathered, such as observation of effervescence
or the changing colour of litmus paper, and not by guessing.

On the other hand, Anne had her students to be peer reviewers. They were
exposed to their peers’ written explanations and had to evaluate the explanations
for accuracy. Furthermore, Anne provided the students with an assessment guide-
line and had them use it to review the explanation. As illustrated in Fig. 17.4, a
student reviewed his peer’s explanation by ticking the relevant points as suggested
by the assessment guideline and correcting mistakes by crossing and adding

Fig. 17.4 An evaluated student’s work and the assessment guideline
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missing points, using a red pen. Although some guidelines were given, this
approach trained the students to be sharp in evaluating explanation and learn the
difference between a good and bad explanation.

17.5 Discussion

From the analytical cases, we saw how the teachers enacted literacy activities to
support scientific inquiry and how the literacy-infused inquiry pedagogical model
enabled the process of constructing scientific explanations by first framing the
context and problem to be explained, eliciting ideas and concepts through discus-
sion and experiments, and lastly assembling the context and concepts in a logical
structure through the PRO writing framework. Table 17.2 summarises the connec-
tion between the features of inquiry and literacy for every stage of the inquiry ped-
agogical model.

Overall, this study provides several insights into the nature of literacy instruc-
tion in enabling inquiry-based science and further supports the argument that
literacy skills necessary for scientific inquiry need to be explicitly taught (Moje,
Collazo, Carrillo, & Marx, 2001). First, making predictions of an experimental
outcome while reading is a common way of reading among scientists (Shanahan
& Shanahan, 2008), and should thus be integrated into an inquiry lesson similar to
the way Anne enacted. Furthermore, as this is a rather disciplinary-specific way of
reading, students have to be supported with some forms of written scaffolds and
whole-class discussion led by teachers. Second, the ability to make observations
and translate inscriptions from one form to another in the process of conducting
experiments and collecting data is also another literacy skill that needs to be
pedagogically supported, as illustrated by an example of Kathryn modelling
experimental procedure and translating a procedure into a flowchart. Lastly,

Table 17.2 Features of inquiry and literacy enacted by the teachers

5E Stage Inquiry features Literacy features

Engage • Framing driving questions
• Carrying out experiments

• Reading articles
• Writing prediction and initial explanation
• Having class discussion

Explore • Carrying out experiments
• Collecting evidence

• Writing observations and hypothesis
• Translating inscriptions across multiple
modes

Explain • Explaining observed phenomena
• Applying content knowledge

• Teaching/learning structure of
explanations

• Writing explanations

Elaborate • Explaining new but related
phenomena

• Writing explanations
• Presenting explanations

Evaluate • Evaluating explanations • Presenting explanations
• Critiquing explanations
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writing and evaluating scientific explanations is another important literacy skill to
be developed, and this study provides several examples on how to support student
development in this area, such as using the PRO scaffolds for oral discussion and
written practice, and presenting explanations for consensus and peer critique.

Although we saw some success in infusing literacy elements into an inquiry
pedagogical model, which resulted in some changes in the teachers’ instructional
practices, there are still many challenges and improvements ahead. For instance,
we felt that many of the group discussions during the Explore stage can be more
argumentative rather than consensus building. More can be done to get students to
propose alternative claims and support them with evidence and rebuttals. These
are also literacy skills that we hope to implement in the next stage of our research.
One of the constraints faced in this study was the readiness of the students to parti-
cipate in literacy-infused inquiry-based pedagogy as well as argumentative talk
involving multiple ‘answers’. There is also a need to further differentiate between
an explanation (which can be facilitated using the PRO strategy) and an argument
(which may require a different strategy). For more discussion on their differences,
see Tang (2016a) and Osborne and Patterson (2011).

Another challenge that must be considered for future research is teacher train-
ing and preparation. In this study, much of the professional development was short
and limited to ‘just in time’ feedback as the researchers and teachers codeveloped
the instructional model and lesson plans. More extensive teacher training and pre-
paration will be needed in order to sustain and scale up the pedagogical move
towards an integrated literacy-inquiry instructional model.
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Chapter 18
Representation Construction as a Core Science
Disciplinary Literacy

Russell Tytler, Vaughan Prain and Peter Hubber

Abstract There is growing interest in and understanding of the material basis of
epistemic practices in science, and consequently of the role of multimodal repre-
sentation construction in reasoning and learning in science classrooms. From this
perspective learning in science crucially involves induction into the interplay
between experimental exploration and construction and coordination of representa-
tions as a core element of scientific disciplinary literacy. In this chapter we argue
that learning to explain and problem-solve effectively in science involves students
actively generating and coordinating multiple, multimodal representations and
material artifacts in exploring material phenomena, in a guided inquiry process.
We describe the development of a ‘representation construction’ approach to
inquiry in science classrooms that is grounded in pragmatist perspectives on learn-
ing and knowing, which engages students in active experimental exploration and
generation and refinement of core representations underpinning science concepts.
We provide evidence of the success of the approach in supporting quality learning
and reasoning. We propose that the construction of representations such as draw-
ings, animations, role-plays or mathematical/symbolic systems works to support
learning and knowing through the affordances of different modes to productively
constrain exploration and explanation of the material world. We conclude that
induction into multimodal representation construction processes in response to
grappling with real world problems is central to the development of scientific dis-
ciplinary literacy, and that this approach represents a significant innovation in its
use of authentic inquiry to serve a serious conceptual learning agenda in science.
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18.1 Introduction

Increasingly science education researchers accept the sociocultural insight that
learning in science, as with any discipline, entails students being inducted into the
particular processes through which knowledge is generated, validated and commu-
nicated in this discipline. By implication, in learning science, students are acquir-
ing a distinctive disciplinary literacy (Linder, Ostman, & Wickman, 2007; Moje,
2007; Norris & Phillips, 2003; Shanahan & Shanahan, 2008). Norris and Phillips
(2003) argue that rather than being knowledgeable about science content, with a
declarative focus, really understanding science needs to involve students becoming
literate in the sense of being able to interpret, assess and represent scientific
claims. This moves the focus from science as knowledge in the abstract to science
as a discourse, as a set of practices for thinking, acting and representing claims
scientifically. From this perspective, science disciplinary literacy entails both
meaningful immersion in the epistemic processes of science inquiry and
knowledge-generation (Duschl, 2008), as well as the ability to generate science
texts to represent and communicate scientific claims arising from these processes.
More broadly, this literacy also entails understanding and valuing the rationale for
this disciplinary enterprise (Hurd, 1998). In this chapter we focus mainly on the
role of representations in science learning processes, but also consider their rela-
tion to text interpretation and production.

There is increasing recognition of the role of material and representational tools
in framing how the world is perceived and how theory is constructed (Amin,
Jeppsson, & Haglund, 2015). Latour (1986, p. 3) argued that the emergence of
scientific thought depended on the development of representational tools or
‘inscriptions’ that can be combined, transformed across modes including being
turned into figures or supported by writing, and reproduced. His study of two
scientists working together on soil profiles in the Amazon basin, at the boundary
between rainforest and savannah, traced the process by which they generated
data and progressively transformed it into the theory reported in scientific papers,
representing abstracted and transportable knowledge, through a series of represen-
tational redescriptions. The raw soil was assembled into an ordered box arrange-
ment, analysed and represented through a colour chart and numbering system, to a
table which was the form in which they carried the information back with them to
Paris to be further transformed into a scientific paper. The relation between the
theoretical scientific claims made in papers, and raw data, is not unitary as
imagined in much of the writing on the epistemic processes of science, but rather
distributed across these representational redescription pathways. Drawing on these
insights, we argue that the process of induction into scientific disciplinary litera-
cies needs to include an appreciation, gained through practical problem solving, of
the way data is generated and shaped, and progressively transformed through
representation construction and redescription across modes.

A substantial body of work now exists that confirms the central role of repre-
sentational generation and manipulation in the process of scientific discovery.
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Gooding’s research into Faraday’s work on the relation between magnetism, elec-
tricity and motion, realised through his detailed diary accounts, demonstrated the
central role of representational generation and refinement and improvisation in
developing ‘plausible explanations or realisations of the observed patterns’
(Gooding, 2005, p. 15). Gooding identified a recurring pattern in Faraday’s work,
whereby he would generate chains of diagrams moving from 2D to 3D to 4D
(involving representation of temporal change) and back to 2D as a general principle
was established (Tytler, Prain, Hubber, & Waldrip, 2013).

This recognition of the key role of visual representation and reasoning is
reflected in a strand of research in science education that investigates effective
pedagogies to develop modeling competence aimed at the capacity for visualisa-
tion (Gilbert, 2005; Gilbert, Reiner, & Nakhleh, 2008, p. 3). Researchers working
within a conceptual change tradition, such as Vosniadou (2008a, b), diSessa
(2004), Duit and Treagust (2012), have incorporated representational work as a
feature of pedagogies aimed at student conceptual growth. Researchers within a
socio-semiotic tradition have investigated the challenges for this new literacy of
harnessing the resources of a scientific multimodal discourse (linguistic, mathema-
tical and visual) to identify the challenges of learning this new literacy (Gee,
2004; Kress & van Leeuwen, 2006; Lemke, 2003). Our own research sits within a
sociocultural tradition that has focused on the meaning-making practices of scien-
tists to provide the major lead for developing classroom pedagogies that align
with these (Greeno & Hall, 1997; Hubber, Tytler, & Haslam, 2010; Lehrer &
Schauble, 2006a, b; Manz, 2012; Tytler & Prain, 2010). Each orientation fore-
grounds representational competence as crucial to learning science.

Socio-semiotic research represents a diverse range of approaches to formal analyses
of meaning-making processes and practices in science discourse and activity. They
include genrist approaches (Halliday & Martin, 1993; Parkinson & Adendorff, 2004)
focusing on textual features that affect interpretation, taxonomic structuralist accounts
of visual language (Kress, Jewitt, Ogborn, & Tsatsarelis, 2001), post-structural multi-
media semiotics and discourse analysis (Lemke, 2004), and sociocultural perspectives
on science discourse (Gee, 2004; Moje, 2007) that seek to foreground the effects of
situational factors on different learner cohorts’ engagement with science. These
perspectives are broadly united by the view that students must learn primarily to
understand and reproduce the meaning-making practices of the science community if
they are to become scientifically literate (Bazerman, 2009; Klein & Boscolo, 2016;
Unsworth, 2001). Prescribed genres to achieve this end include formal laboratory
reports, posters and science workbooks. However, the issue of which writing types
will best facilitate disciplinary learning remains an open question.

In our own approach to the development of scientific disciplinary literacy, we
take as a starting point that classroom work should involve induction into scienti-
fic disciplinary norms through enacting pedagogical processes parallel to those of
practicing scientists. We draw on the work of Vygotsky (1978, 1981), and
researchers such as Keys, Hand, Prain and Collins (1999), Moje (2007), Lehrer
and Schauble (2006a, b), Duschl (2008) for this focus. While we recognise that
classroom teaching and learning practices differ from those of practising scientists
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in purposes, knowledge bases, resources and rewards, we argue that they can
parallel in productive ways the processes of inquiry of the research laboratory
through engaging with experimental exploration and representational generation,
refinement and validation. The classroom community can be configured to parallel
the research team community, where students use practical workbooks to engage in
experimental design, observations, reflections, and representing scientific reasoning
and claim-making. This approach not only focuses on developing applied represen-
tational competence, but also includes formal genres such as posters and reports.

In developing scientific literacy, students need to learn to switch between mate-
rial, verbal, written, visual, mathematical and 3D modeling modes, including digital
form, and coordinate these in generating and justifying scientific explanations. They
need to participate in authentic knowledge-producing activities that require the use
of these culturally specific resources to develop competence in the diverse reasoning
practices of science (Ford & Forman, 2006). In this, the classroom operates as a
learning community in which their representations are shared, discussed and justi-
fied to arrive at a reasoned consensus that is consistent with accepted scientific
understandings (Greeno, 2009; Kozma & Russell, 2005).

In our own approach to engaging students in disciplinary literacy practices, we
acknowledge that teachers and students need to know the form and function of both
generic and discipline-specific representational conventions. We argue that students,
in learning to use these, are advantaged by having first-hand experience of the affor-
dances of the different representational modes as they generate and use them to solve
problems and construct explanations. Representations and their use perform active
conceptual work in shaping how phenomena are perceived and understood, and this
is true for learning in classrooms (Kozma & Russell, 2005) as it is for science
(Gooding, 2006). They are the reasoning resources through which we know, and can-
not be seen as simply tools for understanding some higher, abstracted form of knowl-
edge that evades representation. We have argued that concepts must be understood
through the representational practices through which they are performed (Tytler,
Haslam, Prain, & Hubber, 2009). From our perspective, student learning proceeds
through the active engagement with and coordination of representational resources,
with different representations and modes having specific affordances that offer insight
into a phenomenon through productively constraining attention (Prain & Tytler,
2012). Thus, for instance, as students construct drawings of invertebrates in response
to a challenge to explain their movement, they select key features needing representa-
tion, notice and make claims about relations between structures, and abstract as they
refine and coordinate the spatial and temporal features of the animals’ structures relat-
ing to movement. Such drawings represent a claim, and can involve substantive rea-
soning. Similarly, role plays can focus attention on key spatial and temporal features
of phenomena, and again productively constrain attention to provide embodied
engagement with, in this same example, the animal’s movement mechanisms. It is
our contention that actively engaging with the construction of material and symbolic
representations offers gains through this process of productive constraint, and that
understanding of a phenomenon entails the coordination of multiple representations
each offering partial explanatory insight.
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18.2 Describing the Representation Construction
Inquiry Approach

Over 3 years of an Australian Research Council-funded project – The Role of
Representation in Learning Science (RiLS) – we worked with a small number of tea-
chers of science, both primary and secondary, to develop and refine an approach to
guided inquiry teaching. The project used a design experiment methodology (Cobb,
Confrey, diSessa, Lehrer, & Schauble, 2003) where an iterative process of develop-
ment and trialing, and evaluating outcomes was conducted with teachers as partners
in the process. The team suggested activities and activity sequences that involved
challenging and supporting students to generate representational responses to explicit
material problems and challenges, which were then refined and embellished, and
further developed by the teachers. This process involved regular planning meetings
with the teachers, analysis of video records of teaching sequences including records
of student groups’ discussion and artefacts, feeding back into further discussion. The
research team brought to the planning process a detailed knowledge of the literature
around student conceptions and learning challenges in significant topics such as force
and motion, adaptation, or changes to substance, and ongoing analyses of the key
representational resources that underpinned these major conceptual topics. The tea-
chers brought knowledge of their students’ capacities and experience of the practical-
ities of establishing productive classroom investigations and processes. As the
teachers become more confident and self-generating in the approach, they took
increasing control of the process of planning and implementation. Investigation of
the development of the teaching approach, and teachers’ experience, was based on
video capture and analysis, and teacher interviews (Hubber, Tytler, & Haslam,
2010). Documentation and analysis of student learning occurred through analysis of
class discussion through whole class and small group video capture, collection of
student artefacts, pre- and post-tests, and student stimulated recall interviews (Tytler,
Prain, Hubber, & Waldrip, 2013), where ethical considerations, such as voluntary
participation, informed consent, and use of pseudonyms were followed.

In a series of research workshops involving both the research team, critical
friends and the partner teachers, the major principles of the approach were identi-
fied, and progressively refined. That process has been continued over subsequent
projects, described below, so that the major features of the approach are:

1. Students construct representations in response to explicit challenges. This pro-
cess involves strategic scaffolding so that students’ representational work is
focused and productive. The challenge involves a shared practical problem that
is meaningful to students.

2. The representation work is underpinned by experimental exploration or appeal
to evidence based in experience.

3. Teachers orchestrate shared discussion/evaluation of representation work.
4. There is explicit discussion of representations and representational adequacy

and their role in science knowledge building.
5. Assessment is ongoing and a core aspect of learning.
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18.3 The Nature of Representational Work
in the Inquiry Approach

The nature of a representation challenge is diverse, and how a challenge is orche-
strated is a core skill in the teaching and learning process. In some cases a chal-
lenge or series of challenges might begin a topic, for instance in introducing the
arrow convention of force through a series of tasks in which students struggle to
communicate the action of force on a piece of plasticine (Hubber, Tytler, &
Haslam, 2010), in representing the imagined relations between particles in a solid
to explain specific properties such as elasticity of rubber, or expansion of metal on
heating (Hubber & Tytler, 2013), or in planning and constructing a 3D model of
an invertebrate to explain its movement (Tytler, Haslam, Prain, & Hubber, 2009).
In other cases teachers might plan a sequence of challenges involving represen-
tational redescription across modes, such as a sequence of activities in which
students develop their understandings of particle models of evaporation using
role-play, drawing, discussion of a 3D demonstration, and a cartoon representa-
tion of a single particle’s history (Prain & Tytler, 2012). In cases where the
scientific model is more complex, students may begin by redescribing an exist-
ing model in response to a specific challenge, such as taking digital simulations
of the rotation of the earth and constructing drawings to explain how the sun
moves around the horizon when seen from above the arctic circle in the northern
summer (Hubber, 2010).

The following examples of students’ representational work to illustrate the
approach occurred within junior secondary classrooms from an Australian metro-
politan school. The teachers were teaching the nationally set curriculum which
mandated that students learn ‘sedimentary, igneous and metamorphic rocks con-
tain minerals and are formed by processes that occur within Earth over a variety
of timescales’ (ACARA, 2012). The initial exploration of rock types occurred by
students in small groups creating a dichotomous key from a chosen boxed set of
several rocks from a collection of sets. The evaluations of the keys were underta-
ken at the small group level whereby each group was to self-assess their own key
in addition to evaluating another group’s key by testing it with an unknown rock.
Students as part of the sequence also explored the modeling of the earth’s internal
structure, critiquing models based on a boiled egg, and an orange, in terms of fea-
tures that were and were not represented. Central literacy features of these activ-
ities were student representational construction of multimodal text, critique of
models and understanding of the purpose of models.

A main learning outcome of the teaching sequence was for students to gain
an understanding of the rock cycle whereby students get insights into the nature
of the main rock types in addition to the processes by which they are individu-
ally formed and the processes by which one rock type can transform into
another. There was not one canonical rock cycle that was advanced by the tea-
chers for the students to study. Rather, students were to critique different dia-
grammatic forms of the rock cycle to then construct their own rock cycle. In the
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following example, the teacher laid out seven different diagrammatic forms of
the rock cycle in different locations in the classroom. In groups of three students
they were to move around the room critiquing each rock cycle in terms of
addressing the questions, ‘What does it show well?’ and, ‘What does it not show
well?’. Figure 18.1 shows a particular rock cycle with a transcript of a discussion
between the group and their teacher following the group’s critique of the rock
cycle representation.

T: Looking at the cycle what can you tell me about it?

S1: It shows how everything is formed and connected

T: When you say everything what do you mean?

S1: The types of rocks

S2: And it is colour coded too

T: Does that help?

S2: Yes because if you follow the arrows you find what you are looking for.

S1: For example, both sedimentary and igneous rocks have similar processes that they
can through heat and pressure form the metamorphic rocks [pointing to the dark red
arrows] … it shows how they are connected to the metamorphic rock

S3: … it gives you options about where to go

S1: The second example is sedimentary rocks can melt to form magma, which when it
cools becomes igneous rocks; the igneous though can become a sedimentary rock once
again through erosion [tracing the path with an pen]

T: So erosion is leading from that one [pointing at igneous]

S1: Connected to sediments to sedimentary …

S2: its like a never ending cycle [point out various cycle on the diagram]

T: Does it show weathering?

S1: it shows erosion but doesn’t show weathering

Sediment

Erosion

Igneous
Rock

Cooling

compaction

melting
heat and
pressure

Rock Cycle

Sedimentary
Rock

Metamorphic
RockMagma and

Lava

Fig. 18.1 Small group
critique of diagrammatic
forms of the rock cycle
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T: So does this help explain the ideas?

S2: Looking at it first it was kind of confusing but once you had time to look at it and
follow the arrows it makes a lot of sense.

From the discussion students were challenged to construct their own rock
cycle. None of the students chose a rock cycle from the critique challenge in its
entirety but chose to take various features from several rock cycles to construct
their own. Tests at the end of the sequence then a subsequent formal exam
showed a consistency and high quality in students’ representations over time.
Figure 18.2 shows one example of a rock cycle constructed during the end of
sequence test, illustrating engagement with diagrammatic claim-making and with
the rock cycle concept.

As part of the approach, students engage with complex forms of reporting,
including posters of extended investigations, group constructed models with expla-
natory digital text, or reports of investigations. Figure 18.3 shows a Grade 5/6
students’ report of a group investigation into the dissolving of food colouring in
hot and cold water, with explanatory text supported by diagrammatic particle
representations. The class had discussed particle ideas and the group explorations
were accompanied by a class brainstorm of ideas about dissolving, with the report
instructions emphasising explanation and visual representation. The coordination
of diagrams and text had been modeled consistently on the whiteboard and in
reporting on teacher-scaffolded investigations.

This work is in some respects similar to a formal template of the type tradi-
tionally used for practical reports, except that the emphasis is on explanation
rather than stepping out prediction, method etc. The students here have clearly
engaged with the problem and the text and drawings represent complex claims
related to experimental evidence. We argue, acknowledging Lemke’s (2002)
point that the science community does not follow the genre norms often promoted

Fig. 18.2 Student constructed rock cycle from an end of sequence test
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as central to scientific disciplinary literacy, that such productions are important
and generative examples of engagement with scientific literacy practices, using
representational resources including text as tools to engage with significant
reasoning. The tools achieve potency and meaning through their bending to inter-
pretive, explanatory purposes that are both fresh, and shared within the classroom
community.

Schools we have been working with on this inquiry approach have increas-
ingly seen the value of text production within student workbooks that are lined
on one side and blank on the other, encouraging diagrammatic exploration and
presentation of ideas. Figure 18.4 shows an excerpt from a workbook in which
a student, following class discussion on gravity, the moon and tides, plays
with different ways of representing gravity on different objects. A subsequent
entry represents how tides form and also explains why the moon doesn’t fall to
earth. Teachers have reported how students take great pride in these workbooks
as evidence of their developing ideas. The workbooks sit within a strong tradi-
tion in science of field note taking and journal writing, both genres that play to
informal and formal reasoning in developing science knowledge, and that cap-
ture important aspects of the interplay of evidence and idea generation in the
representation circulation processes leading from data to knowledge production
(Latour, 1999).

Fig. 18.3 Student report on a dissolving investigation, focused on explanatory text
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18.4 Student Learning Outcomes: Building
Disciplinary Literacy

In arguing for the authenticity and effectiveness of the approach for building
students’ disciplinary literacy, we argue that scientific disciplinary literacy
involves a number of facets that are attended to by the approach:

1. Genuine engagement with classroom practices that parallel the epistemic prac-
tices of science;

2. Representational work that indicates commitment to explanation and problem
solving through creating non-standard representational resources;

3. Evidence of high level reasoning through engagement with representational practices;
4. Mastery of science conceptual understanding of key concepts;
5. Productive disposition demonstrated by motivation to pursue investigation and

problem solving;
6. Meta representational competence demonstrated by understanding of the role

of representations and models in knowledge production and dissemination;

Fig. 18.4 Student workbook entry in response to a challenge to represent how gravity affects
astronomical objects, and tides
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7. Flexible adaptation of traditional science genres to engage and extend student
learning;

8. Explicit discussion of representational form and function and modeling of the
integration of different modes.

To evaluate the effectiveness of the approach in building disciplinary literacy
we draw on a number of sources of evidence to deal with these aspects of literacy
in turn. First, in our original research developing the approach, video evidence of
classroom activities and discussions shows students involved with high level pro-
blem solving as they develop individual representational practices to investigate
and communicate populations of invertebrates in the school ground (Tytler,
Haslam, Prain, & Hubber, 2009), build representations of animal movement, or
develop and critique representations of force in explaining motion (Hubber,
Tytler, & Haslam, 2010). Students work in groups and whole class discussions to
construct and refine representations, drawing on empirical observation and experi-
mentation in ways that parallel the operation of research laboratories (Tytler,
Haslam, Prain, & Hubber, 2009). There is evidence also of increased student
engagement with ideas and motivation, across the spectrum from advanced classes
being challenged with high level problem solving, to lower level classes where
teachers report students becoming more engaged with the active participation
implied by the approach in contrast to more teacher delivered material.

Second, the level of student representational work in solving challenges is
evidenced by the examples above. Similarly, examples from a range of topics and
year levels show imaginative and individual engagement with representational
work in solving problems, such as particle representations of evaporation from
wet handprints or puddles demonstrating representational flexibility and concep-
tual ideas beyond expected for the grade level (Ainsworth, Prain, & Tytler, 2011;
Tytler, Prain, Hubber, & Haslam, 2013), or engaging with astronomical problems
using multiple and multimodal, sophisticated representations (Hubber, 2010) that
show detailed command of astronomical perspective through diagrammatic work.

Third, with regard to high level reasoning through representational work,
teachers have consistently attested to the liveliness and depth of classroom discus-
sions around representational practices, more so than with traditional pedagogies.
Again, evidence from video and student artefacts show significant reasoning
occurring at multiple points in the representational work, from data generation
structured by representational framing, to interpretation of observations and data
and argumentation around representation construction, to analysis and argumenta-
tion around representation evaluation (Tytler, Prain, Hubber, & Haslam, 2013).

Fourth, while there has been no formal comparative research carried out, com-
paring the approach with other approaches, pre- and post-test data has consistently
shown a significant gain in understanding as measured on multiple choice items.
We have used, for instance, a recognised astronomy test instrument as part of an
astronomy sequence in the RiLS project, to track outcomes. The test was used by
Kalkan and Kiroglu (2007) in a study that involved 100 pre-service primary and
secondary education teachers who participated in a semester length course in
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astronomy. This allows us to compare results with those obtained by Kalkan and
Kioglu, who used the normalised gain index, <g>, as a measure of comparison of
pre- and post-test results (Zeilik, Schau, & Mattern, 1998). <g> is a measure of
the ratio of the actual average student gain to the maximum possible average gain:
<g> = (post% − pre%)/(100 − pre%). Gain index values can thus range from
0 (no gain achieved) to 1 (all possible gain achieved). For multiple choice ques-
tions, a gain index of 0.4 for an item indicates that for instance if 50% of students
in the pre-test answered the question correctly, 70% answer correctly in the post
test, being 0.4 of the possible gain from 50% to 100%. Kalkan and Kiroglu (2007,
p. 17) reported a mean gain of a ‘respectable 0.3’.

In our original study we worked, at secondary level, mainly with two teachers,
Lyn and Sally, who were biology majors. For our second sequence, a four-week
year 8 astronomy unit they expressed lack of confidence in astronomy concepts.
A third teacher, Ben, who was a physics major and confident with astronomy,
initially joined the project but shortly after the planning sessions he declined to
continue on the grounds he preferred to teach astronomy as he had previously
done. During the unit, Lyn and Sally progressively increased in confidence. The
pre- and post-test data was collected for all three classes, which were not streamed,
and the results for the gain index are shown in Table 18.1 for Lyn and Sally, and
Ben, compared with the Kalkan and Kioglu results. The gain index shows clearly
that the two classes using a representation construction inquiry approach outper-
formed by a wide margin both the class taught by the physics specialist, Ben, and
the pre-service teachers undertaking a semester length course. Comparison using a
two-tailed t-test showed difference at significant levels of 0.013 against Ben, and

Table 18.1 Normalised gain indices for Sally and Lyn’s classes compared to Ben, those
reported by Kalkan and Kioglu, and a later set from Sutton school using the approach

Astronomy Context Sally & Lyn Ben K&K Sutton

1 Day and night 0.785 0.83 0.22 0.8

2 Phases of the moon 0.605 0.38 0.09 0.36

3 Sun Earth distance scale 0.4 0.13 0.05 0.44

4 Altitude of midday Sun 0.635 −.31 0.14 0.53

5 Earth’s diameter estimate 0.415 0.23 0.09 0.44

6 Seasons 0.59 0.13 0.61 0.23

7 Sequence of objects from Sun 0.5 0.38 0.46 0.49

8 Time for Moon’s orbit of Earth 0.75 0.71 0.22 0.72

9 Time for Earth’s orbit of Sun 0.875 −1 0.41 0.7

10 Eclipse and phase of moon 0.795 0.42 0.22 0.32

11 Moon’s motion around Earth 0.5 0.23 0.17 0.48

12 Centre of universe location 0.5 0.33 0.66 0.48

13 Seasons 0.9 0.5 0.64 0.81

Mean gain index 0.63 0.23 0.31 0.52
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0.00033 against the K&K result. This gain has been repeated for a number of
classes since this initial investigation, for astronomy (results for Sutton school,
Year 7, are shown as the final column) and also for other challenging topics such
as the particle nature of matter (Tytler, Prain, Hubber, & Waldrip, 2013, p. 47).
This comparison should be taken as indicative rather than a formal experimental
proof, since there are unaccounted-for, possibly confounding factors present in the
comparisons, and we do not know in detail what Ben’s approach entailed.
Nevertheless, the consistent strength of the gain across classes and topics does
indicate a strong conceptual outcome attributable to this inquiry approach, on mea-
sures that target acknowledged high level concepts in difficult topics.

Fifth, students interviewed concerning their response to the approach, and teacher
perceptions of student engagement with learning, show consistently increased motiva-
tion to become involved in pursuing representational practices and high level ideas,
through group work and in classroom discussion. Teachers have reported being
surprised by high levels of student competence and commitment to problem solving.

Sixth, a key feature of the approach is explicit discussion of the nature and role
of representations in learning and reasoning about phenomena. Test items have
been constructed that explore students’ understanding of the nature of models in
scientific explanation (Tytler et al., 2013, p. 45). Teachers report that students who
have been exposed to the approach for a year or more become sophisticated con-
sumers of text book representations, offering critique as a matter of course. As
Lyn described (Tytler et al., 2013, p. 48):

… we’re not teaching the particle model as in, this is the model and see how it relates to
real life. It’s more, this is real life and we have a model and does it actually explain real
life, and does it explain this and that? And particularly … how good is the representation?

A year 8 student, in interview, described the relationship between representa-
tions thus:

Through many representations you can come to an understanding. So many representa-
tions help you get an understanding … but then, through your understanding you can give
many representations. So it works both ways. (Tytler et al., 2013, p. 48)

Thus, we argue that through this guided inquiry approach students can achieve
a meta-level competence in the disciplinary literacies of science, through explicit
attention to the nature of representations and their role in reasoning, learning and
knowledge building.

Seventh, and finally, student production with the method is varied and primar-
ily associated with the construction of multimodal text to generate and justify
ideas. Traditional disciplinary genres are positioned in this production as resources
to support reasoning, advancing claims and supporting these with evidence. These
practices are positioned within a classroom community of inquiry with a focus on
the construction, critique and refinement of representational forms. We argue that
in this way, the scientific literacies being developed engage students in meaningful
epistemic processes and text production that are an important adjunct to the more
formal literacy genres foregrounded in much of the disciplinary literacy literature.
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We also acknowledge that our guided inquiry approach required refinements
over time and also posed some significant challenges for participant teachers.
These refinements included the need to develop a range of challenges, tasks and
learning processes that (a) catered for mixed ability classes, (b) offered generative
scope for diverse students’ responses and (c) could be broadly aligned with pre-
scribed learning outcomes in the national curriculum. The challenges for teachers
included the development of skills in interpreting, guiding and consolidating
progress as the students responded to sequences of tasks, made divergent claims,
and raised unscripted challenges to the teachers’ own conceptual and representa-
tional understandings. The teachers also had to manage time spent on this deeper
learning against the content demands of the curriculum. However, as noted in the
preceding paragraphs, there were many overriding learning gains, as noted by
both teachers and students.

18.5 Conclusion

In this chapter we have argued that a view that learning science involves induction
into scientific disciplinary literacies implies a need for the promotion of classroom
practices that more authentically parallel the epistemic practices of the discipline.
Contemporary perspectives on processes of scientific discovery foreground the
crucial role of representations and representational work in framing, building and
sharing new knowledge, and this therefore needs to be a driving consideration in
framing classroom inquiry approaches.

We have further argued that our view of learning and knowing offers a powerful
perspective on the importance of active inquiry in which students engage with
experimental exploration and the creation and critique of representations in the pur-
suit of knowledge. This is supported by our account of representational affordance as
productive constraint, as a way of understanding the way representation construction
within guided inquiry can productively mirror science epistemic processes.

Our account of student work engendered by the approach emphasises both the
nature of student experimental exploration and generation, evaluation and refine-
ment of representations as they grapple with conceptual challenges, and the quality
of the representational work that can ensue. We argue that the approach reveals
important aspects of what it means to develop scientific disciplinary literacies,
such as engagement in classroom processes that mirror scientific epistemic pro-
cesses, reasoning through construction and coordination of representations that
results in deepening conceptual knowledge, a disposition and capacity to engage
with scientific problems, and the development of meta-representational compe-
tence and awareness. The approach shows promise of supporting students to
develop these scientific literacies to a high level, as evidenced by the quality of
student engagement with reasoning illustrated in our examples, and elsewhere in
our writing (Tytler, Prain, Hubber, & Waldrip, 2013), and evidence from pre- and
post-test results and teacher accounts.
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While we acknowledge the importance of a focus on formal scientific genres in
supporting literacy development, we argue that if we are to engage students in
thinking and working scientifically, these need to be positioned as resources for
reasoning within contexts in which students explore, make claims and reason
about material phenomena through imaginative, multimodal text production that
draws on diverse, often informal scientific practices and genres.
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Chapter 19
Science and Language Experience Narratives
of Pre-Service Primary Teachers Learning
to Teach Science in Multilingual Contexts

Mariona Espinet, Laura Valdés-Sanchez and Maria Isabel Hernández

Abstract The command of at least three languages is considered one of the most
important basic educational competences in Europe. In response to this demand,
new teaching approaches have been promoted, such as Content and Language
Integrated Learning (CLIL). A CLIL approach to science education implies the
need of teachers capable of teaching both science and foreign language. This is a
study on a specific group of pre-service primary teachers who are enrolled in an
English-mediated primary education degree in Catalonia. The aim is to character-
ize and compare pre-service primary teachers’ science and language experiences
enacted in their science and language experience narratives (SN and LN) that
might have shaped their beliefs, practices, and expectations about science and
languages teaching. A content analysis is performed on these narratives grounded
on a two dimensional space narrative structure defining the Fields of Experience.
The results indicate that SN are mostly rooted in school contexts, and associated
to learning difficulties. This is in strong contrast with LN which appear to be
anchored in a wide variety of contexts, for purposes that go beyond school, and
associated to progressive and positive learning trajectories. The question for
science teacher education lies in how to help pre-service primary teachers make
connections between both life trajectories and how to increase experiences of a
social nature emphasizing the presence, value and utility of science, and science
education.
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19.1 Introduction

One of the demands that a global society places on most European education sys-
tems is related to the fact that our society and schools are multilingual contexts
and that language diversity is a cultural heritage in need of conservation. The com-
mand of at least three languages is considered one of the most important basic
competences that every European citizen should acquire through compulsory edu-
cation (European Commission, 2007). However, the repertoire of language used in
Europe can be seen as divided into two types of multilingualism (Guasch &
Nussbaum, 2007): a first order multilingualism constituted by the big European
languages which are strongly valued and worth learning, and the second order
multilingualism constituted by the minority languages present as a consequence of
immigration which can be tolerated but have a lower status.

The multilingual context experienced in Catalonia adds a third factor making
multilingual education more difficult. In fact, Catalonia is an autonomous region
of Spain considering itself a nation without a state. The Catalan social and cultural
identity is built around the core element of its particular language Catalan which
has been suppressed throughout the history of the country in several occasions
and particularly during the time of General Franco’s dictatorship. Since Franco’s
death, language policies promulgated by the Catalan government have had an
important role in ensuring that Catalan is now commonly used in many aspects of
daily life including education. The region has officially two languages: Catalan
and Spanish although the school system has adopted a compulsory immersion
model in Catalan as a tool for social cohesion.

19.2 A Content and Language Integrated Learning Approach
(CLIL) to Primary Science Education

In response to this demand, European educational institutions at all levels are
developing new teaching approaches which could be included under the broad
umbrella of bilingual education. Cummins (2008), one of the fathers of multilingu-
alism in education, defined bilingual education as the “use of two or more lan-
guages of instruction at some point in a student’s school career” (p. xii). One of
the bilingual education approaches recently promoted in Europe has been the
“Content and Language Integrated Learning” (CLIL) (Coyle, Hood, & Marsh,
2010; Dalton-Puffer, Nikula, & Smit, 2010; Escobar Urmeneta, Evnitskaya,
Moore, & Patiño, 2011). This approach advocates the need to design learning
environments in which both specific content and a specific foreign language can
be taught and learned together: “The acronym CLIL is used as a generic term to
describe all types of provision in which a second language (a foreign, regional or
minority language and/or another official state language) is used to teach certain
subjects in the curriculum other than languages lessons themselves” (Eurydice,
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2006, p. 8). A CLIL approach to science education implies the teaching of both
science content and foreign language in the same classroom and frequently by the
same teacher. Multilingual science education contexts are very varied with multi-
ple models and structures existing in different European education systems.

19.3 Challenges of CLIL Primary Science Teacher Education

When developing CLIL approaches in primary science classrooms in Catalonia,
teachers need to manage the teaching of science and three languages at the same
time: Spanish, Catalan, and English, the last one being a foreign language. The
primary teachers responsible for CLIL approaches to science teaching are mostly
English specialists who lack confidence in their ability to teach science and espe-
cially inquiry-based science (Espinet et al., 2017; Martin, 2008; Navés & Victori,
2010). This is consistent with a large body of literature that illustrates primary
teachers’ reluctance to teach science (Abell & Roth, 1992; Appleton, 1995; Davis,
Petish, & Smithey, 2006) due to several factors such as teachers’ lack of content
knowledge, lack of confidence in teaching science, and a negative attitude toward
science. One useful strategy to confront these challenges has been the develop-
ment of co-teaching practices where both primary English and Science teachers
teach in the same classroom (Valdés-Sánchez & Espinet, 2013a, b).

Efforts have been made to investigate the type of experiences offered to pre-
service primary science teachers during the university coursework that might be
useful to overcome some of the problems stated above. Avraamidou (2013) found
that inquiry-based investigations and outdoor field studies among others provided
experiences that positively influenced pre-service teachers’ teaching orientations.
Ramos and Espinet (2013) focused on classroom interactions and found that pre-
service primary teachers expanded their agency when participating in laboratory
activities enacted in multilingual contexts. Finally, Espinet et al. (2017) have
recently developed a triadic partnership through the establishment of communities
of practice that support primary science teachers, primary English teachers, pre-
service primary teachers, educational administrators, and university professors from
science education as well as language education to work collaboratively. The pur-
pose of the triadic partnership was to create a learning environment that facilitates
the collaborative design and implementation of innovative teaching units aiming at
the integration of inquiry-based science and English in primary classrooms.

19.4 Experience Narratives in Pre-Service Teacher Education

This study is framed under a narrative approach to research in education
(Cortazzi, 1993) and teacher education (Goodson, 2003) and recognizes the
importance of teachers’ narratives for their professional development. Some
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educational researchers following Lortie’s pioneer work (Lortie, 1975) have found
that schooling experiences and life experiences have influenced teacher candi-
dates’ beliefs about education and ultimately the type of teachers they became
(Calderhead, 1989). Making sense of one’s own experiences through the crafting
of life stories has become a useful strategy to foster pre-service and in-service tea-
cher development. Life story is considered a subset of the narrative genre
(Avraamidou & Osborne, 2009) and consists of narratives of self that reconstruct
the past, connect to the present, and anticipate the future.

Rivera (2011) has investigated how a particular type of narratives, the
experience narratives, contribute to pre-service science teachers’ life story. In
her study, Rivera focuses on the importance of the language experience narra-
tives in the development of pre-service science teachers’ trajectories so that
these experiences become visible and ready to be critically scrutinized. This
study adds something new to the research work on primary science teachers’
experiences since it highlights the importance of language experiences in addi-
tion to science experiences.

We take the concept of Experience Narrative from Rivera (2011) and consider
it as a subset of life story, as a lens through which to look at one’s own life story.
We think that this narrow sense of narrative is more appropriate for the capturing
of more specific pre-service primary teachers’ experiences. The present research
departs from the assumption that pre-service teachers’ experiences are important
factors influencing beliefs and practices on teaching science and languages in pri-
mary CLIL science classrooms. The aim of the present study is to characterize
and compare pre-service primary teachers’ science and language experiences
enacted in their science and language experience narratives (SN and LN from
now on).

19.5 Approaching the Analysis of Science and Language
Experience Narratives

19.5.1 Pre-Service Science Teacher Education Context

The Universitat Autònoma de Barcelona (UAB) in Catalonia, Spain, started to
offer an 80% English-mediated Primary Education Program in the academic year
2012–2013. The pre-service teachers participating in this study come from this
particular program. During the first 3 years, all pre-service teachers take compul-
sory courses such as science and language. It is in the fourth and last year that
they have the chance to become either specialized primary teachers (music, spe-
cial needs, foreign languages, or physical education) or remain general primary
teachers. Although all pre-service teachers in this study started their undergradu-
ate studies with a similar background with regards to language (they had to pass
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tests of Catalan, Spanish, and English language competence), their science back-
ground was very diverse. In fact, most of them did not take science courses in
high school while others studied scientific disciplines until their entrance to ter-
tiary studies.

Thirty-nine pre-service primary teachers, 35 female and 4 male, participated in
this study on a voluntarily basis (50% of the course enrollment). They were
informed about the purpose of the research and the ways used to preserve their
anonymity. Each pre-service teacher wrote one SN and one LN when attending
two different undergraduate science education courses. First, they were encour-
aged to write the LN within the course Teaching and Learning about the
Environment in Primary Education offered in the 2nd year (2013–2014). Second,
they were encouraged to write an SN within the course Didactics of Science
offered in the 3rd year (2014–2015). The guidelines shown in Table 19.1 were
used to orient students’ writing of their narratives. Students had about a month to
individually write their narratives and submit them through the university virtual
platform. The three authors of this chapter were responsible of teaching both sub-
jects during the data collection period.

Table 19.1 Questions guiding pre-service teachers’ writing of SN and LN

Language Experience Narrative (LN) Science Experience Narrative (SN)

Your relationship with different languages:
What languages are you familiar with? How
competent in writing, speaking, listening, and
reading you feel you are? What languages
would you have liked to learn? Why? What
type of experiences have you undergone
through your life in which language was an
important component?

Your relationship with Science outside school:
How much do you like science? Why? How
competent in writing, speaking, thinking, and
doing science do you feel you are? What
family models in science do you have? What
issues or topics would you have liked to
learn? Why? What type of experiences have
you undergone through your life in which
science was an important component?
(Science museums, science centers, science
summer camps, TV programs, scientific
literature, etc.)

Your experience with the teaching and
learning of languages:
What type of language teaching and learning
experiences have you undergone through your
life? How do you evaluate them? What
languages have been important for you in
your educational and working experiences?
What have your feelings been in relation to
the teaching and learning of different
languages? What are your expectations in life
and in the university in relation to the use and
learning of languages?

Your experience with the teaching and
learning of science:
What type of experiences in teaching and
learning sciences have you undergone through
your life? How do you evaluate them? What
sciences, if any, have been important for you
in your educational and working experiences?
What have your feeling been in relation to the
teaching and learning of science? What are
your expectations in life and in the university
in relation to the learning of science?
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19.5.2 Field of Experience as a Construct for the Analysis
of Science and Language Experience Narratives

A content analysis was performed on each SN and LN (Holsti, 1969;
Krippendorff, 1980; Weber, 1990). Our analysis has been informed by the works
of Clandinin and Connelly (2000) and Avraamidou (2013) on the use of narratives
in teacher education. They developed and used an analytical tool called “Three
dimensional space narrative structure” which conceptualizes experiences as a con-
struct having three dimensions: interactions, continuity, and situations. Instead, we
have developed an analytical tool that is bidimensional and built around the con-
cept of Field of Experience.

Two main dimensions were inductively developed during the analysis: (a) the
Experience Context, and (b) the Experience Nature. The experience context
dimension characterizes the type of social organization where the pre-service
teachers’ experiences are enacted such as the family, the school, the community,
work, and finally the person itself. The experience nature dimension has been con-
formed around three main categories which include the educational nature, the
psychological nature, and the social nature of the expressed experiences. The
social nature has been divided into three subcategories: environment, value, and
utility. The experience nature construct is applied to each of the five experience
context categories conforming a richer conceptualization of pre-service teachers’
experiences. The crossing of these two dimensions has created 25 Fields of
Experience which have been relevant for the characterization and comparison of
pre-service primary teachers’ language and science experience narratives. The five
categories constituting the experience context dimension, and the five categories
constituting the experience nature within the analytical tool Fields of Experience
are described and exemplified in Tables 19.2 and 19.3.

Table 19.2 Experience context dimension of the fields of experience in SN and LN

Experience context dimension of fields of experience in SN and LN

Personal
context

Experiences narrated in first person affecting directly the individual pre-
service teacher and without any explicit connection to other people have
been associated to a personal context, that is: “English has always been a
very important language for me”; “I like learning science.”

Family context Experiences involving family members such as parents, brothers, and
grandparents were included in the category of family context, that is: “Since
I was able to talk I was bilingual due to the fact that my mother spoke to me
in Catalan and my father Spanish”; “As a kid I always wanted to be a
biochemists, like my father.”

School context The experiences involving teachers and students during the school or
university years and located in formal education institutions were considered
to have a school context. The experiences related to non-formal or informal
education contexts are excluded, that is: “We learned English when I was in
school but not enough or not so good in my opinion”; “During the primary
school I was truly interested in all science topics.”

(continued)
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Table 19.2 (continued)

Work context Experiences narrating activities involving job mates, clients, or bosses are
associated to work context. These experiences might include working as a
teacher or an educator, that is: “Two years ago I taught English to four ten
year old kids”; “I think that if I enjoyed science in my childhood (even though
I didn’t like maths) I will be able to make my class enjoy this subject too.”

Community
context

The experiences narrated in relation to community members, friends, and
foreigners encountered in non-formal, informal, or leisure activities were
typical of a community context, that is: “Some years later I went to an
academy to improve the English I learnt in school”; “I have been in
scientific museums such as Cosmo Caixa in Barcelona and “El museo del
Hombre” in A Coruña.”

Table 19.3 Experience nature dimension of the fields of experience in SN and LN

Experience nature dimension of fields of experience in SN and LN

Educational
nature

Experiences related to the teaching and learning of either science or
languages (Catalan, Spanish English, and other foreign languages). They
include the interest for learning, appraisal on teachers’ effectiveness,
classroom activities and dynamics, subject electives, educational
experiences of all types, that is: “I concluded that this type of exams do not
really test your level of English, you only need to know how to do this
exam”; “It’s not that I didn’t like Biology; in fact, I think that it could have
been one of my favorites if I had had another teacher or my performance
had been better.”

Psychological
nature

Experiences expressing beliefs on pre-service teacher’s self-efficacy,
relating own personal characteristics (abilities, capacities, etc.) and social
or professional demands (social expectations from oneself, professional
profiles) that is: “I have always been very confident with Catalan and
Spanish languages and had no problem using them”; “When it comes to
speaking, writing and doing science, I feel very comfortable with it
because it is like explaining a story.”

Social nature
(a) social
environment

Experiences emphasizing the social components of pre-service teachers’
activities. They can be related to the social environment that is: “Along the
years newcomers kept arriving into the town and many times we had to use
Spanish to be able to relate with them”; “Professionally, my closest family
is not related with science.”

Social nature
(a) social value

Experiences emphasizing the social components of pre-service teachers’
activities. The social value nature of the experiences involves making
explicit the importance of learning or knowing science or languages as for
instance: “science is very interesting and necessary to understand our
world, but it must be explained in a practical way with many examples in
order to relate the content with our real life.”

Social nature
(a) social utility

Experiences emphasizing the social components of pre-service teachers’
activities. The social utility nature of the experiences refers to perception of
the utility of knowing science and/or languages to reach specific goals, that
is: “German and English are two strong languages that can be very useful
for my future professional development”; “Nowadays, our society is
developed thanks to science, which has become a very important tool.”
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19.5.3 Strategies for the Representation and Analysis of Data

The narratives were analyzed considering the sentence as the unit of analysis. In
fact, narratives as texts are built through sentences constituting their basic building
blocks. Each sentence from the narratives was associated to one or more fields of
experience and thus it was assigned one or more Experience Context and
Experience Nature codes.

A descriptive and comparative analysis, both qualitative and quantitative, of the
SN and LN was performed to investigate the relevance of the experiences built in
the narratives (Stuckey, Hofstein, Mamlok-Naaman, & Eilks, 2013). A first type of
analysis to characterize the relevance of experiences considered the absolute number
of sentences associated to each field of experience emerging from the pool of all
narratives (Table 19.4). This analysis provided a global view of each field of experi-
ence’ relevance. A second type of analysis focused on the relative presence of the
different fields of experience within each particular experience narrative represented
in Table 19.5. This analysis is complementary to the previous one and focuses on
the individual narrative and thus on the individual student. Finally, a third type of
analysis includes the positive or negative appraisal given by pre-service primary
teachers to their science and language experiences reconstructed in their LN and
SN. We considered evidences of positive and negative appraisal the use of linguistic
resources at the sentence level emphasizing positively or negatively a particular
field of experience. The appraisal was represented in two graphs showing the
frequency of positive appraisal (Fig. 19.1) and negative appraisal (Fig. 19.2).

19.5.4 Relevance of Science and Language Experiences
Reconstructed Within SN and LN

The 78 narratives written by the 39 pre-service primary science teachers participat-
ing in this study provide data to support the idea that the science and language

Table 19.4 Global relevance of science and language experiences (number of sentences from
the pull of all narratives used to build a particular field of experience; n = 1867)

Experience nature
experience context

Educational Psycological Social Total

SN LN SN LN SN LN SN LN

Personal 104 160 16 95 52 81 172 336

Family 53 53 2 4 42 54 97 111

School 443 308 33 50 32 47 508 405

Work 59 41 10 10 20 42 89 93

Community 34 192 0 31 20 92 54 315

Total 693 754 61 190 166 316 2,180
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experiences brought to the science teacher education programs are different. These
narratives constitute a collection of 1,867 sentences developing different fields of
experience. Whereas the LN add up to 1,050 sentences, the SN are shorter reach-
ing 817 sentences as a whole. In our study, we consider the number of sentences
as the bricks of the experience narratives used by pre-service primary teachers to
reconstruct their science and language experiences. Whereas longer narrative texts
such as LN might be associated to a more relevant experience, shorter ones such
as SN might be an indicator of a less relevant experience.

Table 19.4 represents the total number of sentences that have been associated
to each field of experience for both SN and LN. The most relevant fields of

EXPERIENCE
NATURE

EXPERIENCE
CONTEXT

Social Utility

Social Value

Social
Environment

Psychological

Educational

Personal Familiar School Work Community

LN SN

Fig. 19.1 Positive appraisal given to the experiences reconstructed through the SN and LN
(percentage of sentences providing a positive appraisal on a particular field of experience: LN =
214; SN = 217)

Table 19.5 Individual relevance of science and language experiences (number and percentage
of SN and LN including a particular field of experience; SN = 39; LN = 39)

Experience nature
experience context

Social

Educational Psycological Environment Value Utility

SN LN SN LN SN LN SN LN SN LN

Personal 30 36 10 29 9 15 16 22 4 14

81% 97% 27% 78% 24% 41% 43% 59% 11% 38%

Family 20 18 1 3 19 26 1 7 1 4

54% 49% 3% 8% 51% 70% 3% 19% 3% 11%

School 36 37 18 13 4 18 12 10 7 6

97% 100% 49% 35% 11% 49% 32% 27% 19% 16%

Work 24 17 8 9 1 7 6 5 7 15

65% 46% 22% 24% 3% 19% 16% 14% 19% 41%

Community 18 35 0 14 4 18 7 17 3 21

49% 95% 0% 38% 11% 49% 19% 46% 8% 57%
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experience are those having an educational nature and being contextualized at the
personal and school levels. This is not surprising taking into account that the
guidelines given to the pre-service teachers to write the narratives. However, we
want to notice the differences found when comparing the experiences of SN and
LN. Whereas the SN identified the school context as the most relevant when com-
pared to LN, the LN privileged personal and community contexts when compared
to SN. The family and work contexts provided experiences of a similar relevance
for both the SN and LN although they are below the relevance of other contexts
such community, school, and personal.

Differences can also be highlighted in relation to the nature of the experiences.
Although both SN and LN are equally and highly relevant when reconstructing
experiences of an educational nature, they are less relevant when this reconstruc-
tion refers to experiences of a psychological and social nature. In fact LN double
the use of sentences in relation to SN when building experiences of a psychologi-
cal and social nature indicating that language experiences of pre-service primary
teachers are more relevant in the majority of the fields.

Figures 19.1 and 19.2 provide a graphical representation of the positive and
negative appraisal given by pre-service teachers to the experiences associated to
each field of experience. Pre-service teachers have been more positive than nega-
tive when appraising their science and language experiences as a whole.

On the positive side differences can be found when comparing the LN and SN.
Whereas language experiences appear to be most positively valued when they are
contextualized at the personal and community levels, the positive value of science
experiences is concentrated mostly in school contexts (Fig. 19.1). On the negative
side, Fig. 19.2 indicates that the SN accumulate most of the negative appraisals
specially when valuing the experiences of an educational and psychological nature
enacted within personal and school contexts.

Table 19.5 provides a quantitative account of the relevance that different fields
of experience have in the reconstruction of science and language experiences

EXPERIENCE
NATURE

EXPERIENCE
CONTEXT

Social Utility

Social Value

Social
Environment

Psychological

Educational

Personal Familiar School Work Community

LN SN

Fig. 19.2 Negative appraisal given to the experiences reconstructed through the SN and LN
(percentage of sentences providing a negative appraisal on a particular field of experience:
LN = 51; SN = 111)

330 M. Espinet et al.



through the writing of SN and LN at the individual level. A first glance at this
table indicates that the percentage of LN developing each field of experience is
higher than the SN.

The most relevant fields of experience reconstructed in both SN and LN are the
educational experiences contextualized in school and at a personal level. Whereas
almost all 39 students have reconstructed educational science and language experi-
ences that are contextualized in school and at a personal level, around half of them
have chosen family and work contexts.

What follows is a qualitative account of the most important differences between
the science and language experiences reconstructed in the SN and LN. This
account will be organized around the most relevant fields of experience such as
those having a school, personal, or community contexts.

19.5.5 The School as the Most Relevant Context for Both
Science and Language Experiences

Pre-service teachers’ SN and LN provide extensive longitudinal accounts of their
formal school experiences of an educational and psychological nature. The rele-
vance of these fields of experience is supported first by the total number of sen-
tences associated to them (Table 19.4), second by the number of individual
narratives reconstructing such fields of experience (Table 19.5), and third by the
concentration of most positive and negative appraisals given by these teachers in
their SN and LN (Figs. 19.1 and 19.2). The reconstructed science experiences of
an educational nature which have been developed in school point at two major
aspects: the relationship with the specific school science subjects and their teach-
ing methodologies.

Pre-service teachers provide accounts of science teaching methodologies that
were both positively and negatively appraised. The negative experiences recon-
structed in the SN describe science teaching methodologies as being theoretical and
textbook driven such as the following statement illustrates: “I just can remember
long classes doing exercises and reading theory from the book and how our teacher
was constantly asking us to draw nice titles in our notebooks, instead of make
science interesting and useful to us” (P30). Some SN however provide isolated
positive accounts of motivating teachers and good science teaching methodologies
emphasizing contextualization, and practical work in either primary and secondary
education, as indicated by these two pre-service teachers: “Looking back, I can say
that, for me, the science experiences that have been more meaningful in school are
those in which learning occurred in a contextualized and practical way” (P14);
“I remember loving these lessons because we were always doing experiments and
applying what we have learnt to reality and see that what we learn is true” (P49).

The language experiences of an educational nature unanimously highlight the
positive value of academic exchanges offered to pre-service teachers during their
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secondary education. One student stated: “During the fourth year in secondary
education I lived through a very positive linguistic experience which I would
recommend to everybody: I participated in an exchange program between my
school and a German secondary school, and we needed to communicate in
English” (P35). These exchanges almost always compensated the low quality of
foreign language teaching during primary and secondary education. By low qual-
ity it was meant the use of foreign language teaching approaches that were
oriented toward writing rather than speaking and listening.

The science experiences of a psychological nature enacted in school contexts
are very homogenous and focus mostly on a pivotal issue: the difficulty of learn-
ing mathematics and the influence this fact had in the learning of science espe-
cially in high school: “Later on, when I started High School, the difficulty of
Science’ subjects increased, and I realized I was not as good I was supposed to be
at math, so I started disliking them… I was a little bit afraid because I was not
good at math, neither chemistry nor physics, but I believed I would get over these
subject-matters” (P25). The feeling of insecurity has been well documented
throughout the research literature on primary science teachers’ development and in
this study we find the same results. In fact, this feeling gets well expressed
throughout the sample of SN as exemplified in the following excerpt: “The fact
that I had such low marks in math made me grow very insecure about myself and
about my own abilities in science, as mathematics are an essential part of it”
(P38). The LN instead, reflect a different picture in relation to the language experi-
ences of a psychological nature enacted in school contexts. Pre-service teachers
indicate feelings of comfort or easiness when reconstructing language learning
experiences in schools. Although in some cases they describe difficulties in mana-
ging the three or four languages required in school, they recognize the importance
of having the external support provided by English academies as exemplified in
the following two excerpts: “After finishing the primary school and through the
most of high school years I felt quite comfortable with Spanish and Catalan, not
so much with English and I started speaking French” (P39); “In primary and sec-
ondary school I have always felt relaxed because those of us who went to an acad-
emy did better and for this reason I have never had problems with English” (P13).

19.5.6 The Personal Context of Science and Language
Experiences

The most relevant experiences reconstructed within the SN and LN associated to a
personal context are of an educational and psychological nature. The educational
experiences include the likes and dislikes toward science and languages, and the
psychological experiences deal with the perception of the personal ability to per-
form or succeed in learning science and languages without specifying a context
such as school. Almost all SN and LN include experiences of an educational nat-
ure within a personal context. Pre-service teachers’ passionate accounts of wanting
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to learn new languages which go beyond English, Catalan, or Spanish are an indi-
cation that they feel a strong curiosity for different languages and enjoy learning
them: “I suppose that as it happens to many other people, I would like to have the
opportunity to learn more languages since I like them; those I feel more curious
about are German, Chinese and Italian” (P13). This is supported with the data
shown in Fig. 19.1 indicating that teachers’ narratives give positive appraisal to
the fields of experience that involve personal experiences of an educational and
psychological nature.

The likes and dislikes related to the personal context of science experiences are
more ambiguous. Pre-service teachers are very explicit when pointing at the disci-
plines they do not like such as math or physics but acknowledge having of curiosity
for knowing how the world functions in other fields such as health or nature: “For
me, it is very interesting the curiosity of knowing and discovering things” (P23);
“I like learning about science related with every day use since I consider that is a
real, practical and useful knowledge” (P14). This is consistent with the negative
appraisal data shown in Fig. 19.2. It is interesting to note, though, that two students
have been able to experience a change of attitude toward science along their educa-
tion indicating a general improvement: “Back when I started primary school,
I never expected to become the avid science lover that I currently am” (P38).

Other interesting differences between LN and SN are related with the relevance
of the personal experiences having a psychological nature. Whereas more than
two-thirds of the LN reconstruct psychological experiences within the personal
context, this percentage drops to less than one-third when it comes to the SN
(Table 19.4). These experiences focus on the perception of the acquired level of
competence. In fact, teachers show a sharp awareness of their communicative and
linguistic competence level in the different languages as well as strategic
approaches for their improvement: “In any case I think I need to improve my
English speaking competence since although I consider I have good vocabulary
and resources to speak correctly the insecurity about being able to speak correctly
does not allow me to do so” (P13). This is not the case for personal experiences of
a psychological nature reconstructed in the SN. Whereas pre-service teachers
show a general awareness of science terminology and knowledge command, they
rarely specify any domain nor a personal strategy for improvement: “In my opi-
nion, I have a low level of scientific knowledge.” (P49); “I cannot consider myself
competent enough in the whole area of science” (P38).

19.5.7 The Community as a Privileged Context for Language
Experiences

Pre-service primary teachers’ language experiences contextualized in the commu-
nity have shown to be more relevant than the science experiences contextualized
in the same context. No matter what nature of experience is considered, around
half of the teachers’ LN consistently considered the community context as being
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important (Table 19.4). This stands in contrast with the SN where students hardly
reconstructed their science experiences in the community with the exception of the
educational experiences.

The educational nature of the community experiences is considerably different
when comparing SN and LN. Half of the pre-service primary teachers indicate in
their SN that visiting science museums, undertaking field trips in natural areas,
watching scientific documentaries on TV, or participating in scout’s activities
have been important contexts for informal science learning. However, almost all
students have written in their LN that they systematically attended an out-of-
school English academy to improve the command of the foreign language, mostly
being English language, and to get official certificates. The almost universal accep-
tance that the educational system was unsuccessful in relation to foreign language
learning generated a strong pressure for young students to be involved in alterna-
tive non-formal language learning activities outside the school as stated by the fol-
lowing student: “As many of us can see, at least those belonging to the 90’s
generation, the basic level of mastering a foreign language is rather low, and when
I was seven years old I enjoyed the privilege of attending an English academy to
improve this language (P24).”

The psychological and social nature of the community experiences have been
extensively reconstructed in the LN and very seldom in the SN. Pre-service tea-
chers reconstruct in their LN a diversity of experiences enacted in all sort of multi-
lingual social situations which include Spanish, Catalan, English, and many other
European and non-European languages. They all feel they have been offered
many opportunities to use different languages and are very explicit with their per-
sonal ability to communicate functionally. Those multilingual encounters in which
they have participated outside school are related in one way or another to travel-
ing, emigration, or visiting other locations and countries. Whereas the value of
science is only associated to an external social realm being expressed in a
detached way through sentences such as the following: “Nowadays, our society is
developed thanks to science, which has become a very important tool” (P23), the
value and the command of different languages is considered to be a very important
tool for personal, social, and professional development. The following statement
summarizes the centrality of languages in the pre-service teacher’s life:
“Summarizing and going over my life I realize that I have always been linked to
languages, and I continue learning and practicing them, since for me it is more a
life style and a way to understand the relationships between people of different
places and cultures (P41).

19.6 Conclusion

This is a study on a specific group of pre-service primary teachers who are
enrolled in the first English-mediated primary education degree ever offered by a
public university in Catalonia, Spain. They will become general primary teachers
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who most likely will implement CLIL approaches integrating the teaching and
learning of science and English. The analysis presented in this chapter supports
the idea that this particular group of pre-service primary teachers construes its past
experiences with science and languages in a very different way. Their science
experiences appear to be located mostly in school contexts, oriented toward its
teaching in school only, and associated to learning difficulties. This is in strong
contrasts with language experiences which appear to be anchored in a wide variety
of contexts including school, for purposes that go beyond school, and associated
to progressive and positive learning trajectories. These results point at the issue of
the isolation of science within the social and personal life of our students.
Although non-formal and informal science education initiatives are increasing all
over the world, they have not impacted our pre-service teachers’ lives in the way
language education initiatives have.

The question for science teacher education lies in how to use the language
experiences of this particular group of pre-service primary teachers as contexts for
the anchoring of their past, present, and future science experiences. Avraamidou
(2013) found that university experiences could positively influence the develop-
ment of pre-service primary science teachers. We suggest three possible ways to
improve pre-service primary teacher education: increasing non-formal science edu-
cation experiences, providing a values-oriented science education, and introducing
a narrative approach within science education courses. We suggest on the one
hand to promote university activities oriented toward the community as a way to
expand the context of science and science education experiences such as staying
in learning camps where they meet in-service teachers teaching science and lan-
guage, among other subjects in less formal education scenarios. On the other
hand, we suggest increasing the experiences of a social nature emphasizing the
presence, value and utility of science, and science education through the promo-
tion of context-based science teaching. Finally, following a narrative approach to
teacher education, we suggest to undertake a systematic work with pre-service pri-
mary teachers based on the establishment of fruitful dialogues between their SN
and LN. In doing so, pre-service primary teachers would be able to reconstruct
their life stories and introduce new and valuable experiences collected through
their university-based teacher education programs.
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Chapter 20
Examining Teachers’ Shifting Epistemic
Orientations in Improving Students’
Scientific Literacy Through Adoption
of the Science Writing Heuristic Approach

Brian Hand, Soonhye Park and Jee Kyung Suh

Abstract The role of language is critical both in how science is done and through
the products of scientific practices. Importantly, language is viewed as an epistemic
tool that enables learners to engage with construction and critique in the practices of
science. The Science Writing Heuristic (SWH) approach places particular impor-
tance on engaging in the critical language practices of science while building the
conceptual understandings of science topics through immersion in an argument-
based inquiry approach to learning. This chapter focuses on a study with 28 middle
school science teachers who were taking part in a 3-year research project centered
on the implementation of the SWH approach for the teaching of science. Teachers
were involved in a professional development program where they were introduced
into four critical areas for implementing the approach: Learning, Language,
Scientific Practice, and Pedagogy. Importance was placed on encouraging teachers
to engage in the critical written and oral discourse practices of science that underpin
the SWH approach and are essential features of scientific literacy. To track teacher
change over the study, an Epistemic Orientation Survey (EOS) was developed that
enabled us to examine the alignment between Language as an Epistemic Tool,
Science as an Epistemic Practice, and Learning as an Epistemic Act. Building on
previous work on the SWH approach, we have examined students’ critical thinking
growth rates to the change in teachers’ epistemic orientations as a way to gauge
how well such a language-based approach can provide cognitive resources for future
growth in developing understanding of science concepts.
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Keywords Epistemic orientation · Science Writing Heuristic (SWH) · scientific
literacy · construction and critique · language use in science

20.1 Literacy in Science Education

The foundational work of Norris and Phillips (2003) provided a framework for the
concept of literacy in science which shifted away from issues related to concepts of
the nature of science and content knowledge, to focus on the role of language. Their
argument was that language is fundamental to science – you cannot do science with-
out language. They introduced the terms fundamental and derived senses of science
into the debate of the role of language. This was important in helping the science edu-
cation community begin to understand that being literate in science was not simply a
function of being able to replicate the language of science, but needed to incorporate
the concept that understanding any scientific endeavor requires language. As such this
argument began a process of shifting the role and function of language in science
classrooms from being able to read the science textbook and replicate the language of
the textbook, to having to think about what learning environments are required for
students’ understanding of language and how it promotes learning of science.

Much of the work in terms of examining the teaching and learning of science
within school classrooms was framed around the work of Halliday and Martin
(1993) who emphasized a focus on genre. As such there was much emphasis
placed on ensuring that students learnt the genres of science in order for them to
be able to engage in science. A very clear example of this perspective is the work
by Osborne and his colleagues (2001) on the use of argument approaches to
science. Cavagnetto (2010) labelled such approaches as structural approaches
because students were to be taught the structure of argument prior to being able to
use argument – a key epistemic practice of science.

The earlier work of Halliday emphasized the need to engage with language as a
“lived” process. He suggests that students learn about language as they learn
through language as they live the language. Such a perspective highlights the basis
of what Cavagnetto (2010) calls immersion approaches to argument-based inquiry.
Immersion approaches require that students become engaged with learning the lan-
guage of science and the language of argument as they live the language of both.
This notion is important because it shifts the conversation about language as one
in which the product is the focus as occurs with traditional or structured
approaches to science to one in which the language serves as an epistemic tool.
That is, as students engage in the process of writing or talking about the science
they learn about the science concepts because they have to use the language, not
as a means to reproduce what the teacher gave them, but as a means to build their
own constructions of the science concepts.

As Hand (2008) has highlighted, the shift in the ways in which teachers need
to operate within classrooms is not easy and requires investment of time and
energy for them to be able to fully utilize the epistemic nature of language.

340 B. Hand et al.



Critically, teachers need to begin to engage with a number of essential ideas – in par-
ticular teachers need to be challenged about their ideas of learning, how knowledge
is constructed, and the role of language as underpinning all scientific endeavors.
Teachers’ understandings of these critical elements in essence require a paradigmatic
shift from the teacher determining the language experiences in classrooms, to recog-
nizing that students are constantly negotiating with language and their current under-
standings as a means of trying to come to terms with the science concepts being
engaged with. Norton-Meier (2008) suggests that this will require teachers to provide
much more space within the learning environment of the classroom to role of dialo-
gue, both oral and written, if they are going to be successful in creating discourse
spaces where language is viewed as an epistemic tool.

In building on this early work of Norton-Meier (2008), Ardasheva, Norton-
Meier, and Hand (2015) have suggested that there is a need for teachers to under-
stand the nature of nonthreatening learning environments as critical places where
students can have power to have a voice in the various forms of dialogue occur-
ring within the science classroom. In recent work, Chen, Park, and Hand (2016)
have shown that when provided with a nonthreatening learning environment – as
proposed by Watts and Bentley (1987) – students begin to use both talk and writ-
ing simultaneously to both construct and critique arguments as they live the lan-
guage of argument in learning the science concepts.

In summary, shifting perspectives on science literacy from replication of
language to language as an epistemic tool is necessary to promote students’ deep
understanding of science concepts through construction and critique of arguments.
However, in order for this new perspective to be successfully adopted, one needs
to consider what type of learning environment is required, if a shift in teacher
understanding is required, and how immersing students in argument-based inquiry
promotes this perspective of science literacy.

20.2 The SWH Approach and the Role of Language

The Science Writing Heuristic (SWH) approach places particular importance on
engaging in the critical language practices of science while building the conceptual
understandings of science topics through immersion in an argument-based inquiry
approach to learning. The approach is thus closely aligned with the following defi-
nition of argument-based inquiry:

Argument-based Inquiry is inquiry that is intended to build students’ grasp of scientific
practices while simultaneously generating an understanding of disciplinary big ideas.
Construction and critique of knowledge, both publically and privately, are centrally
located through an emphasis on the epistemological frame of argument by engaging them
in posing questions, gathering data, and generating claims supported by evidence. (Hand,
Nam, Cavagnetto, & Norton-Meier, 2013, p. 1)

The core notion of the SWH approach is that students are provided with oppor-
tunities to pose questions, gather data, make claims based on evidence, and check
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their assertions against current norms. Throughout the learning process, students
are required to negotiate their understandings of the “big ideas” across multiple
representations, such as pictures, text, graphs, or equations, as well as negotiate
across multiple situations. In small groups, students work together to pose ques-
tions, debate their data to generate evidence, and prepare material for public whole
class negotiation. At the whole class level, students are required to publicly
present and defend/debate their claims and evidence. It is through these multiple
discourse opportunities that students are engaged in that a conceptual understand-
ing of the topic can be generated. Students are expected to participate in the multi-
ple oral and written negotiations that form the basis of the epistemic practices both
of science and language.

In terms of types of writing used within the SWH approach students are
required to use both argumentative writing and summary writing. Argumentative
writing is done at the end of each inquiry activity, after students have negotiated
both in small group and whole class settings about the relative merits of their
claims and evidence. Major components of the argumentative writing include
questions, claims, and evidence. Summary writing is completed at the end of the
unit and considered as a consolidation task that helps students understand relation-
ships among conceptual ideas dealt with in the unit. The students are generally
asked to write to an audience of their peers, parents, or younger students, about
the big ideas of the unit. The intention of this task is for the students to explain
the big ideas of the unit as they understand in a way that becomes understandable
for a particular audience such as peers or younger students. As McDermott and
Hand (2010) have shown, students find this task very cognitively demanding and
they believe that it helps them understand science concepts in much greater depth.
These two different writing types provide students with multiple opportunities for
them to engage with, and understand, the epistemic nature of language.

20.3 Structure and Focus of an SWH Professional
Development (PD) Program

The SWH approach places particular importance on engaging in the critical lan-
guage practices of science while building the conceptual understandings of science
topics through immersion in an argument-based inquiry approach to learning. The
approach is grounded in Halliday’s (1975) notion that the best way to learn about
language is through using the language by being immersed within it. When
applied to the context of science learning, it implies that only when students use
language as an epistemic tool with which they are able to construct their own
understanding in science (Kelly, Chen, & Prothero, 2000), does learning the disci-
plinary knowledge of science as well as learning the language of science occur.

In this regard, SWH PD programs are designed to help teachers understand the
essential role of language as an epistemic tool through engaging them in four critical
areas for implementing the approach: Learning Theory, Language Practices,
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Scientific Practices, and Pedagogy. To effectively incorporate argumentation into
science instruction, it is suggested that teachers need to shift their epistemic orienta-
tions to be more aligned with key ideas of argument-based inquiry (Hand,
Cavagnetto, Chen, & Park, 2016). In particular, for successful implementation of
SWH, appropriate epistemic orientations as to learning theory, language use, and the
nature of science are necessary (Hand, 2008). Given that, the SWH PD program
primarily focuses on challenging teachers’ existing orientations on how students
learn, what science is, and use of language in science to shift toward being aligned
with fundamental notions of the approach. Along with challenging epistemic orienta-
tions, the SWH PD program purport to support the teachers’ adoption of pedagogical
approaches aligned with the shifted orientations. Table 20.1 summarizes learning
targets for each of the four focus areas of the SWH PD program.

To achieve the learning targets, the PD program is designed to consist of an
intensive summer workshop and ongoing on-site professional support throughout
the academic year. Goals of the summer workshop are:

1. Immersing the teachers in argument-based inquiry activities using the SWH
approach within selected science units (e.g., Forces and Motion, Properties of
Matter, or Ecosystem Dynamics). Teachers experience the process by them-
selves as learners to develop familiarity with generating questions, gathering
data, seeking information, and making claims and evidence. Within each unit,
inquiry activities center on big ideas drawn from the Next Generation Science
Standards (NGSS Lead States, 2013). Based on their immersion experience,
teachers are asked to create unit plans including assessment plans to be imple-
mented in their classrooms compatible with their own curriculum applying
what they learned from the summer workshop on the SWH approach.

2. Constructing a strong understanding of learning theory to inform and guide
the development of the necessary pedagogical practices.

3. Developing an understanding of the critical role of language in science from the
construction and critique of knowledge to the representational demands of science.

4. Building the required pedagogical approaches necessary for successful imple-
mentation of argument-based inquiry, including (1) creating dialogical inter-
actions, (2) diagnosing students’ prior knowledge, (3) focusing on big ideas in
science, (4) facilitating group work, and (5) developing questioning skills.

The ongoing on-site professional support is to scaffold teachers’ unit planning
and enactment facilitating necessary adjustments for the successful changes in imple-
menting the approach. Support through individual or focus group meetings with the
SWH PD team throughout the academic year aims to assist teachers to build an
understanding of the theoretical and practical requirements of creating classrooms
that engage students in posing questions, gathering data, seeking information,
making claims and evidence, and negotiating this both publically and privately.

One thing that we need to emphasize here is that even though we describe the
four key areas of the SWH approach separately, most critical to teachers’ move
toward higher level implementation of the approach within their classrooms is
building a strong alignment among them. In other words, the shift from traditional
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Table 20.1 Four focus areas of the SWH PD program

Learning
targets focus
areas

What teachers should
understand

What teachers should be able
to do

Epistemic
orientations

Nature of
science

• “Big ideas” in science.
• Construction and critique of
ideas as core practices of
science.

• Scientific ideas are
represented, communicated,
and validated by the
community of scientists
through argumentation.

• Science moves forward
through argumentation
process.

• Identify and design lessons
on “big ideas” in science.

• Align content standards
(i.e., NGSS) with big ideas.

• Immerse students in
practices of construction,
critique, and conceptual
growth.

• Emphasize that science is a
process of negotiation based
on test against nature.

Learning theory • Learning involves
conceptual changes.

• Knowledge is constructed
through social interactions
that build on individuals’
prior knowledge.

• Meaning is constructed
through public and private
negotiation.

• Students are capable and
responsible for their own
meaning making.

• Focus on cognition not
behavior when facilitate
student learning.

• Focus on student prior
knowledge.

• Provide consistent
opportunities for social/
individual construction and
public/private negotiation.

Language use • Language of argument
(e.g., Questions, Claims,
and Evidence structure and
difference between data and
evidence)

• Nature of dialogue in
argument-based inquiry.

• Language is learned through
living the language and by
using the language.

• Structural supports for
promoting language use in
science.

• Consistently use and require
language of argument.

• Consistently promote and
move between public and
private languages, and
between individual/group
languages.

• Provide opportunities for
immersion into scientific
discourse, knowledge
construction/critique, and
community of practice.

• Consistently use multimodal
representations of big ideas.

Pedagogical approaches • Pedagogical approaches
aligned with desirable
epistemic orientations as to
science, learning theory,
and language central to the
SWH approach.

• Create discourse space and
dialogical interactions.

• Diagnose and value student
prior knowledge and ideas.

• Focus on big ideas in
science.

• Facilitate group work.
• Develop questioning skills.
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approaches to the SWH approach requires changes across the four areas and more
importantly coordinated alignment among those changes. The SWH is not a pre-
scribed curriculum or a set of activities, but an approach to science curricula that
requires teachers to align their orientations and practices with the key concepts
and features of the SWH. Such alignment occurs through necessary adjustments
across the areas of learning theory, language use, science practices, and pedagogy
based on understanding of their students and teaching context. When teachers
develop a strong alignment between epistemic orientations and pedagogy, the
alignment can be applied to various teaching contexts or across topics to create
opportunities for students to pose questions, gather data, make claims based on
evidence, and critically evaluate the value of evidence and explanations of their
own or those of their peers. Stated differently, the alignment serves as a frame-
work that enables teachers to make professional decisions on how to adapt an
activity or a curriculum in ways that are student-centered, argument-based, and
inquiry-oriented given the context they are working within. This notion is at the
heart of our conceptual model of teacher change for implementing the SWH
approach as shown in Fig. 20.1. In this model, we conceptualize that a positive
impact of the SWH approach on student achievement can be attributed to the criti-
cal alignment between teacher changes in epistemic orientations and pedagogical
practices that are promoted through the SWH PD program including intensive
summer workshop and ongoing academic year support for teachers.

20.4 Impact of the SWH PD on Teachers

Based on the conceptual model of teacher change (Fig. 20.1), we designed a
3-year grant project that aims to aid secondary science teachers shift epistemic
orientations and pedagogical practices to effectively implement the SWH
approach, and further positively impact student learning outcomes. Taking part in
the research project was completely voluntary. All of the participating teachers
and students were asked to sign an informed consent form and an assent form,
respectively, if they would like to participate. For confidentiality, all teachers were
given and addressed by pseudonyms while all students were given and addressed
by ID numbers. We are currently in the second year of the project and we want to
discuss what we have learned throughout the first year especially in terms of
teacher changes in this chapter.

In Year 1, 25 secondary science teachers (20 females and 5 male) from a
Midwest State of the USA participated in our professional development (PD) pro-
gram and research project. Their teaching experiences ranged from 1 to 31 years;
and only five had less than 5 years. The teachers were introduced to the four key
areas shown in Table 20.1 through an intensive 10-day summer workshop and
on-site academic year support during the first year. To trace changes in teachers’
epistemic orientations and pedagogical approaches, we collected teacher data at
different points in time as summarized in Fig. 20.2. To facilitate the identification
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of the teacher changes over time, we divided the first year into three phases and
collected a set of data in each phase: (1) Phase 1, preimplementation phase (before
and during the 1st summer workshop); (2) Phase 2, implementation phase (after
the 1st year summer workshop, during the semesters with on-site academic year
support); and (3) Phase 3, Transition phase (at the end of the 1st year, transition
into 2nd year).

Teacher data sources included two teacher surveys (Epistemic Orientation
Survey (EOS) and Argumentation Survey), classroom observations, and individual
and focus group interviews with the teachers. The EOS (Suh & Park, 2016) is a
Likert-scale survey consisting of 30 items that ask teachers to indicate the degree
to which they agree with statements on epistemological ideas of learning science
using a five-point scale from strongly disagree to strongly agree. The reliability
estimates of this measure ranged from 0.80 to 0.93. To measure changes in episte-
mic orientations over time, the EOS was administered once per phase, three times
per year in total. Meanwhile, the Argumentation Survey was distributed once
before and after the implementation phase, respectively. This survey comprises
three open-ended questions designed to gauge the teachers’ views on the use of
argument and argumentation in learning and teaching science.

In addition, each teacher was observed once per semester by PD facilitators, to
determine her/his implementation level. This assessment focused on seven peda-
gogical practices that stem from the five essential pedagogical approaches for suc-
cessful implementation of the SWH approach described in Table 20.1:

(1) Determining big ideas for a topic,
(2) Planning/enacting learning activities around the big idea,
(3) Creating classroom environments for active dialogical interactions,
(4) Diagnosing students’ prior knowledge,
(5) Facilitating group work that promotes student conceptual understanding of

big ideas,
(6) Asking questions that demand high-order cognitive thinking,
(7) Using different modes of language (e.g., writing, talking, multi-modal

representation).

Using a scoring rubric as shown in Table 20.2, individual teachers’ implemen-
tation levels were decided using a ten-level scale: None (NN), Low (L1, L2, and
L3), Medium (M1, M2, and M3), and High (H1, H2, and H3) implementation.
Each teacher’s implementation level was first determined by how many essential
practices listed above were presented in their lessons. Then, the quality of those
practices was evaluated by three levels: Little, Somewhat, or A great deal.

20.4.1 Teacher Change in Epistemic Orientations

Analysis of the teacher responses to the EOS reveals that half of the teachers
made substantial changes in epistemic orientation during the first year. The result
is not surprising since previous studies suggest teachers need at least 18 months to
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fully adopt the SWH approach (Martin & Hand, 2009). Based on their scores on
the EOS over time, we categorized the teachers into three groups: Group 1 (Fast
change), Group 2 (Gradual change), and Group 3 (No change). The Table 20.3
presents the general information and the EOS scores of the teachers for each
group. There was one teacher who did not provide her responses to the 2nd EOS,
and thus she was excluded from the data set for this analysis.

Among 25 teachers, only four teachers were categorized into Group 1 that
showed the most growth in epistemic orientation. Although they began with lower
scores compared to the other two groups, their scores in epistemic orientation
increased fast with PD supports throughout the year (see Fig. 20.3). Interestingly,
three Group 1 teachers were fairly new to teaching science (less than 3 years of
experience) and were willing to learn a new approach to improve their science
instruction. For example, Ms. Moore has taught 6th grade biology for 2 years.
Although she had 9 years of teaching experience in other subject areas, she was
relatively new to teaching science. Hence, she was open to a new teaching
approach and willing to change her ideas about teaching and learning science. Her
interviews helped us understand that her changes in epistemic orientation mainly

Table 20.2 A scoring rubric for teacher implementation level on the SWH

Level Description Little Somewhat A great
deal

(1) (2) (3)

None No evidence of the SWH approach; NN

Low Lessons demonstrate 1–3 essential practices of the
SWH approach.

L1 L2 L3

Medium Lessons demonstrate 4–6 essential practices of the
SWH approach.

M1 M2 M3

High Lessons demonstrate all seven essential practices of
the SWH approach.

H1 H2 H3

Table 20.3 Results of the EOS

No. of
teachers

Gender Yrs. of
teaching
science

Avg. EOS score [range]

Preimplementation Postimplementation Growth

Group 1 4 3 females
1 male

2–22 yrs. 107.0 pts.
[97–112]

127.0 pts.
[123–131]

20.0 pts.
[15–26].

Group 2 8 7 females
1 male

2–31 yrs. 112.8 pts.
[104–118]

124.5 pts.
[116–134]

11.8 pts.
[9–14]

Group 3 12 9 females
3 males

8–31 yrs. 114.3 pts.
[109–121]

116.3 pts.
[109–125]

2.2 pts.
[−5–7]

Total 24a 19 females
5 males

2–31 yrs. 112.5 pts.
[97–121]

120.8 pts.
[109–132]

8.3 pts.
[−5–26]

a1 missing data.
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stemmed from her shift toward a student-centered view away from a teacher-
centered view, as indicated in the following quote.

Before doing the SWH, I was concerned a lot about how much I need to cover the curri-
culum instead of being concerned about my students’ learning. Now I know my teaching
should be more student-centered. I feel much more comfortable with teaching science
than before because I do not need to cover everything and my students do not have to
memorize a list of scientific terms anymore in my class. (Interview during Transition
Phase with Ms. Moore)

Ms. Moore’s ideas about learning fundamentally shifted from rote memorization
to negotiation of meaning, generating rapid growth in her EOS score (27 points
increase) throughout the year. She was very excited to see that her students were
engaged in their own learning processes, not memorizing scientific facts and terms.

Group 2 includes eight teachers who showed gradual changes. They all reported
positive values of the SWH approach and expressed willingness to use the
approach continuously. Although this group of teachers did not show dramatic
change in their epistemic orientations, they seemed to steadily develop their own
ideas about learning and how to implement the new approach. In-depth analysis of
the interviews revealed that most of the teachers began to recognize positive learn-
ing outcomes in their classrooms, such as high engagement level, growth in test
scores, and students’ positive attitude as they developed understanding of the
approach. Unlike Group 1 and 2, Group 3 teachers did not show substantial change
in their epistemic orientations. Many teachers in this group were still struggling
with the underlying ideas of the approach and did not report any positive changes
in both learning and teaching. However, there were some teachers who began to
see positive aspects of the approach and wanted to better implement the SWH.

To measure change in orientations toward the use of language in science class-
rooms, we analyzed the teachers’ responses to the Argumentation Survey using
the constant comparative method (Strauss & Corbin, 1990). This analysis showed
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Fig. 20.3 Each group’s change in epistemic orientation over the 1st year of the study
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that the teachers began to see science argument and language as a tool that helps
students develop conceptual understanding. The first Argumentation Survey
showed that more than 75% of the teachers had a limited understanding of argu-
ment and argumentation, viewing argument as a mere structure and argument-
based inquiry as a sequential data-collection process (Fig. 20.4). For example,
most teachers described scientific argumentation as a process where students share
their data collected from an investigation; they did not make a deep connection
between scientific argument and learning science. In addition, most teachers
described argument-based inquiry as an investigation of questions and collection
of data.

The results of the second Argumentation survey, however, demonstrated that
about 60% of the teachers began to develop or had developed more advanced
view of language of argument. They came to use the terms, Question, Claim, and
Evidence more frequently and described argument-based inquiry as an integrated
learning process. They also began to regard argument and argumentation as a criti-
cal element in learning science. More importantly, they began to develop the idea
that language is an epistemic tool that helps students construct their own under-
standing of science.

20.4.2 Teacher Change in Pedagogical Practices and Its Effects
on Student Learning

In Year 1, most teachers incorporated some of the key features of the SWH
approach into their instruction. Although about 40% of the teachers (10 teachers
out of 25 teachers) reached a medium level of implementation by the end of the
year, many teachers appeared to still be struggling with implementing the
approach (see Fig. 20.5). Interviews with the teachers indicated that they found
the following pedagogical approaches most challenging to implement: (1) facilitat-
ing group work to promote conceptual understanding of big ideas, and (2) creating
dialogical interactions. In addition, there were some constraints that the teachers

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00

Year 1

Year 2

Advanced Developing Limited

Fig. 20.4 Analysis of the teachers’ view of language of argument
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experienced in implementing the approach. The most prevalent were limited
resources and unsupportive school contexts. The teachers frequently faced time
constraints and had a hard time designing lessons with this new approach mostly
due to a lack of resources. School contexts where the teachers were asked to cover
school curriculum or teach multiple grades and subjects at a time were also chal-
lenging to them. Despite the challenges, we expect this group of teachers to
improve significantly in their SWH implementation during the 2nd year through
interactions with and support from our project team, as they develop a concrete
understanding of the approach and align their epistemic orientations accordingly.

To understand whether their implementation levels were related to their episte-
mic orientations, we compared the Low and Medium implementation groups’
EOS scores. As indicated in Table 20.4, Medium group’s EOS score (n=10,
m=124.0) was higher than Low group’s score (n=14, m=119.9), suggesting tea-
cher implementation level and epistemic orientation are seemingly related.
However, further investigations with statistical tests are needed to understand the
relationship between these two. We also collected students’ Cornell Critical
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Fig. 20.5 Teachers’ SWH implementation levels in Year 1

Table 20.4 Teacher change and student learning

Implementation
level

Number of
teachers

Avg. EOS scores
(3rd phase)

Student Growth in
CCTT

Low L1 10 119.9 0.59

L2 4

L3 0

Medium M1 1 124.0 2.58

M2 2

M3 7

Total 24 121.2 1.3
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Thinking Test (CCTT) (Level X) scores before and after the implementation of
the SWH approach to examine how the teachers’ changes in practices affected stu-
dent learning. Although it is difficult to make concrete conclusions with 1 year
data, our preliminary data analysis suggests that as a teacher’s implementation
level is higher, his or her students are more likely to improve critical thinking
skills (see Table 20.4). That is, as teachers were shifting in their epistemic
orientations toward being more aligned with tentativeness of scientific knowl-
edge and empirical nature of scientific explanations, they appeared to be creat-
ing learning environments where students were being required to justify their
claims based on evidence they generated from their inquiries. As such, this was
requiring the students to adopt a much stronger critical thinking and reasoning
approach which was in turn reflected in the increase growth rate in critical
thinking test scores. However, this relationship should be further examined with
Year 2 and Year 3 data.

20.5 Closing Remarks

The research presented in this chapter represents some new areas of work that we
have begun to examine in terms of how we help teachers better understand the cri-
tical role language plays in learning science. It is important for teachers to under-
stand that language is not only fundamental to the learning of science, but in its
derived form, it also brings into focus the nature of writing and talk as an episte-
mic tool. Understanding that language is an epistemic tool is critical for the devel-
opment of science literacy. Science cannot be done without language – science
cannot advance without language. However, for teachers to be successful in using
language in this manner there is a critical need for them to have an epistemic
orientation toward the science classroom that recognizes the role of language. This
shift means that teachers begin to highlight and use dialogical interactions as a cri-
tical element of their science classrooms. Requiring students to negotiate through,
and with, the language of science means that students begin to live the language
of science as they learn about science. That is, they can develop their science
literacy as a tool for building understanding of the concepts of science and as a
vehicle for building more sophisticated uses of the language of science. Science
language becomes a dynamic tool for all students to use a future resource for
learning. Not as a language to be replicated and given back to the teacher.
However, this change is difficult and takes time. Teachers need to create environ-
ments where science is undertaken as a lived experience – where language is
recognized as being critical for engagement in science and in helping students
build rich understandings of the topic. Science literacy is not about replication of
knowledge or being able to read science text divorced from how scientists actually
use the language to advance the discipline. The initial efforts of this 3-year study
have shown that time is required for teachers to undertake this change. However,
in making the shift, there are student benefits to be gained.
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The results from this study do raise several interesting questions. For example,
how many of the 25 teachers will shift? Will we see consistent benefit when they
do make the shift? Will their epistemic orientation remain consistent once they
have shifted? We believe that these are important questions that need to be
engaged with, particularly as we begin to better understand the use of immersive
type approaches to argument-based inquiry. Shifting engagement for students to
“live” the language of science as they learn science is something we believe is cri-
tical for learning. We can no longer ignore the critical role that language plays in
learning – especially for science.

20.6 Dedication

We have not had the opportunity to publically express the incredibly valuable con-
tribution that Steve Norris made to the field of science education. While it has
been some time since his passing, we wish to dedicate this chapter to his efforts.
His framing of the work in writing pushed us all to have to think much more dee-
ply and carefully about the work that we engage in. We lost not only a valuable
scholar but also a friend. We are hoping that we can in some small way continue
to build on his efforts.
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Chapter 21
Developing Students’ Disciplinary Literacy?
The Case of University Physics

John Airey and Johanna Larsson

Abstract In this chapter we use the concept of disciplinary literacy (Airey, 2011a,
2013) to analyze the goals of university physics lecturers. Disciplinary literacy
refers to a particular mix of disciplinary-specific communicative practices devel-
oped for three specific sites: the academy, the workplace and society. It has been
suggested that the development of disciplinary literacy may be seen as one of the
primary goals of university studies (Airey, 2011a).

The main data set used in this chapter comes from a comparative study of
physics lecturers in Sweden and South Africa (Airey, 2012, 2013; Linder, Airey,
Mayaba, & Webb, 2014). Semi-structured interviews were carried out using a
disciplinary literacy discussion matrix (Airey, 2011b), which enabled us to probe
the lecturers’ disciplinary literacy goals in the various semiotic resource systems
used in undergraduate physics (i.e. graphs, diagrams, mathematics, language).

The findings suggest that whilst physics lecturers have strikingly similar discipli-
nary literacy goals for their students, regardless of setting, they have very different
ideas about whether they themselves should teach students to handle these
disciplinary-specific semiotic resources. It is suggested that the similarity in physics
lecturers’ disciplinary literacy goals across highly disparate settings may be related
to the hierarchical, singular nature of the discipline of physics (Bernstein, 1999,
2000).

In the final section of the chapter some preliminary evidence about the disci-
plinary literacy goals of those involved in physics teacher training is presented.
Using Bernstein’s constructs, a potential conflict between the hierarchical singular
of physics and the horizontal region of teacher training is noticeable.
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Going forward it would be interesting to apply the concept of disciplinary
literacy to the analysis of other disciplines—particularly those with different combi-
nations of Bernstein’s classifications of hierarchical/horizontal and singular/region.

Keywords Disciplinary literacy · undergraduate physics · knowledge structures ·
singulars versus regions · comparative education

21.1 Introduction

Traditionally, science—and in particular undergraduate physics—has been viewed as
a difficult subject for students to master. From the early 1990s to the present day, there
has been a great deal of concern internationally about falling enrolment, student drop-
out and the quality of education given to undergraduates (American Association of
Physics Teachers, 1996; European Commission Expert Group, 2007; Forsman, 2015;
Johannsen, 2013; Seymour & Hewitt, 1997). In an attempt to understand and address
these concerns both the National Research Council in the USA and the Council on
Higher Education and Institute of Physics in South Africa have recently undertaken
reviews of the undergraduate physics education offered in their respective countries
(CHE-SAIP, 2013; National Research Council, 2013). One of the themes that
emerged in the US report is that ‘Current practices in undergraduate physics education
do not serve most students well’ (National Research Council, 2013, p. 18). This theme
is also echoed in the South African report where it was concluded that it is ‘imperative
that deep-seated changes regarding the length of the undergraduate programme and
the way it is taught and monitored be introduced’ (CHE-SAIP, 2013, p. 32).

In this chapter we use the notion of disciplinary literacy (Airey, 2011a, b,
2013) to both describe and problematize the goals of undergraduate physics
lecturers in Sweden and South Africa. This is potentially important because the
development of disciplinary literacy may be seen as one of the primary goals of
university studies (Airey, 2011a) and high school physics.

The aspects of disciplinary literacy we have chosen to discuss are issues that
have bearing on undergraduate physics and that we hope others may find interest-
ing. Whilst our aim is to present a comparative analysis of the disciplinary literacy
goals of physics lecturers in two countries, the thinking behind this chapter, as
with the rest of this book, is that it can also function as a point of entry for the
reader into aspects of the field of literacy in higher education. However, the
description we present is selective and far from exhaustive.

21.2 Literacy

Traditionally, literacy has been framed in terms of the ability to read and write.
Indeed the first truly international definition of literacy stated that, ‘a literate
person is one who can, with understanding, both read and write a short simple
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statement on his or her everyday life’ (UNESCO, 1958). This definition was later
broadened so that literacy was associated with ‘the ability to identify, understand,
interpret, create, communicate and compute, using printed and written materials
associated with varying contexts’ (UNESCO, 2004, p. 13).

An even broader definition of literacy was later put forward at a Nordic confer-
ence on the theme:

… communicative practices that shape the world we live in, determine how we read and
write the world, how we see, understand and shape the relationship between ourselves,
nature and our communal life. (Nordic Educational Research Association, 2009)

Here we can see a movement away from a strict focus on reading and writing
towards a range of communicative practices, a theme to which we will return later.

21.3 Literacy in the Academy

In the academy the term literacy has mainly been used when referring to courses
where students learn to read and write academic texts. Traditionally these courses
have attempted to provide students with the necessary tools to complete their
study program and are often given as a type of remedial help. Such courses fre-
quently use genre analysis and corpus linguistics to provide students with general
advice on the various forms of academic writing (Björk & Räisänen, 2003;
Swales, 1990; Swales & Feak, 2004). In many of these courses academic writing
is seen as a sort of academic acculturation or socialization where student writing
gradually starts to mirror the broad differences in different disciplinary norms that
have been identified (Becher & Trowler, 1989). A number of writers have ques-
tioned the learning outcomes of such courses since they rarely deal with questions
of power, identity construction and the development of a personal academic voice
in academic writing—see for example Ivanič (1998) and Lillis and Scott (2007).
Here, Lea and Street (1998) adopt the term academic literacies (plural) in order to
highlight the fact that there are competing voices in the academy (see Duff, 2010
for a presentation of this academic literacies discussion).

21.4 Language Choice in the Academy

In many countries, two or more languages are used in university education. This
naturally has consequences for what is viewed as relevant to the term literacy. In
the Nordic countries, for example, the term parallel language use has been pro-
posed, where two (or more) languages are expected to be used in parallel in higher
education (Josephson, 2005). As Phillipson (2006, p. 25) points out, although par-
allel language use is ‘an intuitively appealing idea’, it is also a ‘somewhat fuzzy
and probably unrealistic target’. Here, Airey and Linder (2008, 2011) have linked
the idea of parallel language use to the notion of bilingual scientific literacy.
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In their studies of Swedish undergraduate physics courses they found that very
few physics lecturers had concrete goals for the parallel development of disciplin-
ary language skills. Airey and Linder conclude with a recommendation that each
course syllabus should specify not only disciplinary learning outcomes, but also in
which language(s) those outcomes will be. This proposal has received some inter-
national attention, with at least one university designing its language policy
around the idea (Fortanet-Gomez, 2013). An overview of the discussion of lan-
guage choice in the academy can be found in Airey, Lauridsen, Raisanen, Salö,
and Schwach (2017).

21.5 Multimodality

Thus far the description of literacy in the academy presented here has been limited
to written language—that is literacy as the ability to read and write in the academy
(cf. Norris and Phillips’ (2003) notion of fundamental scientific literacy in the fol-
lowing section). This traditional focus on written text has been problematized by
Lemke (1998) who points out that scientists integrate resources over a range of
semiotic systems in order to handle problems that would otherwise be impossible
to solve. Other semiotic resource systems used in science are, for example, graphs,
diagrams, sketches, gesture, mathematics, spoken language, tables, apparatus and
simulations. Following Gibson (1979), Kress, Jewitt, Ogborn, and Tsatsarelis
(2001) wonder whether different semiotic resource systems have different affor-
dances for knowledge representation, that is, whether say, spoken language is
better for certain tasks and diagrams are better for other tasks. Based on this work,
Fredlund, Airey, and Linder (2012) suggested the term disciplinary affordance.
Airey (2015) defines disciplinary affordance as ‘the agreed meaning making func-
tions that a semiotic resource fulfils for a particular disciplinary community’. In
this respect Airey (2009) has argued that there is a critical constellation of
semiotic resources that students need to become fluent in as a necessary (but not
sufficient) condition for appropriate construction of disciplinary knowledge. When
teachers understand the disciplinary affordances of the range of semiotic resources
available with respect to a given concept they are better placed to design learning
tasks that activate this critical constellation (see e.g. Fredlund, Airey, & Linder,
2015). Often, the disciplinary affordances of semiotic resources are not immedi-
ately apparent to students. In such cases, the semiotic resources will need to be
‘unpacked’ (Fredlund, Linder, Airey, & Linder, 2014). Disciplinary-specific
resources that have been unpacked in this way lose much of their disciplinary
power in the process, but their pedagogical affordance is greatly increased (Airey,
2015). For teachers, then, striking a balance between the disciplinary affordance
and pedagogical affordance of the semiotic resources they use is crucial for effec-
tive teaching and learning (see for example Airey & Linder 2017). Finally, Airey
and Linder (2008) point out that each individual semiotic resource requires two
types of control, interpretive (equivalent to reading a written text) and generative
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(equivalent to writing a text). Thus literacy in the academy entails not only a ques-
tion of which semiotic resources students need to learn to control, but also which
type of control is needed, interpretive or generative.

21.6 Scientific Literacy

There are many meanings ascribed to the word literacy. For example a simple
internet search easily identifies: biological, historical, engineering, musical, medi-
cal, economic, computer, psychological and cultural literacies. The list could prob-
ably become quite long. When literacy is used in this way it often signals a
metaphorical relationship—readers are expected to take their own associations to
literacy and apply them to a new situation. The same can be said for scientific
literacy. Here, Norris and Phillips (2003) have characterized scientific literacy in
terms of two aspects, fundamental and derived. Fundamental scientific literacy has
a direct link to the original definition of literacy and refers to the ability to read
and write in the natural sciences. Derived scientific literacy, however, refers to a
range of competencies such as knowledgeability about science, the ability to think
scientifically, the ability to distinguish science from nonscience, an understanding
of the nature of science, feeling comfortable discussing science topics and the abil-
ity to critically appraise science. By extension, fundamental scientific literacy can
be seen to apply to all the semiotic resource systems mentioned in the previous
paragraph.

A further division in scientific literacy has been observed by Roberts (2007)
who identifies two visions of scientific literacy, where vision I refers to scientific
literacy for use in the academy, whilst vision II refers to scientific literacy for use
in society. We will return to these two visions of scientific literacy in our discus-
sion of disciplinary literacy in the next section.

Laugksch (2000) enumerates some of the ways in which scientific literacy has
been used. He points out that ever since its introduction by Hurd (1958) its meaning
has been undefined and difficult to pin down. Laugksch concludes by suggesting
that when researchers use the term scientific literacy they should be very clear about
presenting what they mean. In the next section we address Laugksch’s critique of
scientific literacy by turning to a new term, disciplinary literacy, the development of
which has previously been suggested as one of the overarching goals of undergradu-
ate studies (Airey, 2011a).

21.7 Introducing Disciplinary Literacy

The main criticism of the term scientific literacy, then, is that it does not have a
clear, unambiguous definition—that is the term means different things to different
people. In this section we briefly describe the thinking behind our use of the term
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disciplinary literacy and offer a definition. In comparison with scientific literacy,
to date there have only been a small number of people who have used the term
disciplinary literacy (McConachie et al., 2006; Shanahan & Shanahan, 2012;
Tang, Ho, & Putra, 2016). An extensive overview can be found in Moje (2007).
Here one can already see the different directions that the term is starting to take.
Following Laugksch’s advice we will now explain what we mean when we use
the term disciplinary literacy.

Gee (1991) sees language as divided into one primary and many secondary dis-
courses. Primary discourse is the oral language learned as a child, whereas secondary
discourses are other specialized communicative practices that we learn for use in
other sites in society outside the home. Gee defines literacy as the control of these
secondary discourses. Building on Gee’s definition and broadening it to include
semiotic resource systems other than language, Airey (2011a) claims disciplinary
literacy involves learning to control a range of disciplinary communicative practices.
He defines disciplinary literacy as follows:

The ability to appropriately participate in the communicative practices of a discipline.
(Airey, 2011a)

One remaining question is that of the site in society that disciplinary literacy
refers to. Clearly, disciplinary literacy refers to communicative practices for the
academy; however, Airey (2011a) argues that disciplinary literacy, like scientific
literacy, can also involve developing communicative practices about the discipline
for use in society in general. Similarly, one further potential site is the world of
work, since there are, of course, a number of vocational disciplines where the
majority of the communicative practices developed relate to future requirements
on the job market. Thus, we argue that all disciplines potentially develop disciplin-
ary literacy for three specific sites: society, workplace and academy (Airey, 2011a,
2013). This can be represented visually by the disciplinary literacy triangle shown
in Fig. 21.1 (Airey, 2011a).

Society

Academy Workplace

Fig. 21.1 The disciplinary
literacy triangle. Disciplinary
literacy involves developing
communicative competence
for three specific settings:
Society, Workplace and
Academy. The positioning of
a given discipline within the
triangle is dependent on the
relative emphasis placed on
developing communicative
competence for each of the
three settings Airey (2011a)
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21.8 The Disciplinary Literacy Triangle

The disciplinary literacy triangle is a diagram that can be used to represent in
broad terms the disciplinary literacy goals envisaged for a course or degree pro-
gramme. Using the definition of disciplinary literacy, the relative emphasis placed
on developing communicative practices for the three sites: society, workplace and
academy can be visualized by placing a cross somewhere within the triangle.

Clearly different disciplines will have different priorities. So whilst history lecturers
might place their emphasis on developing communicative practices for the academy
say (i.e. less of a workplace emphasis), we might expect lecturers in vocational pro-
grammes such as nursing, to place more emphasis on communicative practices for the
workplace and society (i.e. less of an academy focus). Moreover, we can also expect
different specialists within the same discipline to have different priorities.

21.9 Knowledge Structures

Bernstein (1999) attributes the differences between disciplines to differences in
knowledge structures. He describes two quite different knowledge structures within
the academy: hierarchical and horizontal. In this division, disciplines such as the nat-
ural sciences have predominantly hierarchical knowledge structures. These disciplines
develop through integration of new knowledge with knowledge that has previously
been developed. In this way, disciplines with hierarchical knowledge structures man-
age to ‘[…] create very general propositions and theories, which integrate knowledge
at lower levels’ (Bernstein, 1999, p. 162). On the other hand, disciplines with predo-
minantly horizontal knowledge structures (such as the humanities) develop by intro-
ducing new ways to describe the world. Crucially, these new descriptive ‘languages’
need not be compatible with each other. For example, a postcolonial approach to
literature need not be coherent with a feminist reading of the same text, rather it is the
new aspects that are brought into focus in these two approaches that are of interest.
Martin (2011) compares development in hierarchical knowledge structures to a grow-
ing triangle whilst he compares development in horizontal knowledge structures to
the development of new languages of description (Fig. 21.2).

hierarchical horizontal

L1 L2 L3 L4 L5 L5+1

Fig. 21.2 Progression in
hierarchical and horizontal
knowledge structures
(adapted from Martin,
2011, p. 42)
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Bernstein (1999) pointed to physics as the discipline with the most hierarchical
knowledge structure (Fig. 21.3).

21.10 Singulars and Regions

Bernstein (2000) also introduced the analytical categories singulars and regions.
A singular is a discipline with strong boundaries such as physics, history and
economics. Singulars generate strong inner commitments centred around their
perceived intrinsic value. Regions are disciplines in which a number of singulars
are brought together in an integrating framework. While singulars face inwards,
regions face both inwards and outwards recontextualizing singulars for use in
everyday life. In Bernstein’s terms, education is a horizontal region, whereas physics
is a hierarchical singular.

21.11 Disciplinary Literacy: A Summary

Figure 21.4 shows schematically the four main areas we have discussed thus far in
this chapter. These are (proceeding anticlockwise around Fig. 21.4 from the right
hand side) the parallels between disciplinary literacy and scientific literacy, the
widened focus on a range of semiotic resources (rather than just written language),
the definition of disciplinary literacy with the focus on three different sites, and,
following Bernstein (1999, 2000), the role of the type of discipline on attitudes to
disciplinary literacy.

history literarysociologylinguisticsbiologyphysics

hierarchical
knowledge
structure

horizontal
knowledge
structure

studies

humanities

L1 L2 L3 L4 L5...

social sciencescience

Fig. 21.3 Bernstein’s knowledge structures across disciplines. Physics has a hierarchical knowl-
edge structure, whilst disciplines such as education have more horizontal knowledge structures
(adapted from Martin, 2011)
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21.12 Using Disciplinary Literacy: An Empirical Study
in University Physics

21.12.1 Data

The main data set used for this chapter is taken from a larger comparative research
project where 30 university physics lecturers from a total of 9 universities in
Sweden (4) and South Africa (5) described the disciplinary literacy goals they
have for their students (Airey, 2012, 2013; Linder, Airey, Mayaba, & Webb,
2014). A disciplinary literacy discussion matrix (Airey, 2011b) was used as the
basis for in-depth, semi-structured interviews (see Appendix A). All interviews
were conducted in English and lasted approximately 60 minutes each. In the inter-
views, the lecturers were encouraged to talk about their disciplinary literacy goals
for their undergraduate students, the site(s) in society that this disciplinary literacy
is developed for, the semiotic resources they believe students need to learn to con-
trol and the type of control (interpretive or generative) that students need to
develop. Ethical clearance for the study was not required for Sweden, but was
applied for and granted in South Africa. In both countries participation in the
study was voluntary with lecturers being selected on the basis of their involvement
in some capacity with undergraduate physics. The anonymity of the lecturers was
guaranteed and transcripts were only seen by the research team.

21.12.2 Methodology

The analysis drew on ideas from the phenomenographic research tradition by treat-
ing the interview transcripts as a single data set or ‘pool of meaning’ (Marton &
Booth, 1997, p. 133). The aim was to understand the expressed disciplinary literacy
goals of the physics lecturers interviewed.

Following the approach to qualitative data analysis advocated by Bogdan and
Biklen (1992), iterative cycles were made through the data looking for patterns
and key events. Each cycle resulted in loosely labeled categories that were often
split up, renamed, or amalgamated in the next iteration. More background and
details of the approach used can be found in Airey (2012).

21.12.3 Findings

Analysis of the 30 transcripts resulted in the identification of five themes with
respect to the lecturers’ disciplinary literacy goals.

1. Teaching physics is not the same thing as developing students’ disciplinary literacy.
2. Disciplinary literacy in a wide range of semiotic resources is a necessary condi-

tion for learning physics.
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3. Developing the necessary disciplinary literacy is not really the job of a physics
teacher.

4. Some teachers were prepared to take responsibility for the development of
certain aspects of students’ disciplinary literacy.

5. The type of disciplinary literacy developed is focussed on the academy.

We will now present each of the themes illustrating them with quotes from the
interviews.

1. Teaching physics is not the same thing as developing students’ disciplinary
literacy.
All the lecturers expressed a strong commitment that physics is independent of the
semiotic resources used to construct it. For them, developing disciplinary literacy
and teaching physics were quite separate things.

These are tools, physics is something else. Physics is more than the sum of these tools it’s the
way physicists think about things—a shared reference of how to analyse things around you.

Interviewer: Do you see yourself as a teacher of disciplinary Swedish for Physics?

Lecturer: No, only in a very broad sense. Physics is a way of looking at nature and under-
standing things in simplified models. These other things are for presenting this way of
thinking.

Interviewer: So is your focus on scientific writing?

Lecturer: No, you don’t have time for that, there is content that you need to sort out.

This theme challenges contemporary thinking in education and linguistics.
Halliday and Martin (1993, p. 9) for example insist that communicative practices
are not some sort of passive reflection of a priori disciplinary knowledge, but
rather are actively engaged in bringing knowledge into being. In science educa-
tion, an even more radical stance has been taken by Wickman and Östman (2002),
who insist that learning itself should be viewed as a form of discourse change.

Why, then, do lecturers view physics knowledge as separate from its representa-
tion? Here, we suggest that the hierarchical, integrated nature of physics knowledge
leads to a belief that it will remain unaltered through processes of transduction
between different semiotic resource systems. Thus, whilst Kuteeva and Airey
(2014) have shown how there are strong preferences in physics for the use of one
language—English—in the discipline, this is not a commitment to English per se,
but rather a rational choice born out of a push towards standardization and the belief
that physics is the same (and separate from) whichever language is used (see also
discussion in Airey, 2012).

2. Disciplinary literacy in a wide range of semiotic resources is a necessary
condition for learning physics.
All the lecturers in the study felt it was desirable that students develop disciplinary
literacy in a range of semiotic resources in order to cope with their studies. In many
ways this finding is unremarkable, with a number of researchers having commen-
ted on the wide range of semiotic systems needed for appropriate knowledge
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construction and communication in physics (Airey & Linder, 2009; Lemke, 1998;
McDermott, 1990; Parodi, 2012). The following quote sums up this point:

If you want to come out with an undergraduate degree in physics you will need to be able
to interpret and use graphs, tables, diagrams and mathematics for an undergraduate degree
in physics and then there is also the communication part of it which is the language. We
work in English and so all the communication is in English. You need to be able to read
the question and understand problems you know from reading. You need to write, to be
able to communicate your answers. You need to be able to listen to the lecturers, you
need to be able to speak in order to verbalise what problems there are with your answers.

The lecturers essentially reported that they would prefer students to develop
disciplinary literacy in all the semiotic resources mentioned in the disciplinary
literacy discussion matrix (see Appendix A).

3. Developing the necessary disciplinary literacy is not really the job of a
physics teacher.
All physics lecturers expressed frustration at the level of disciplinary literacy of
their students, feeling that they really should not have to work with the development
of these skills:

As a physicist I’m not there to solve the problem of the maths. They must be able to
understand the maths sufficiently at that level and know why … I’m not there to teach
maths, they must go to the maths department if they need to learn it.

I cannot say that I test them or train them in English. Of course they can always come and
ask me, but I don’t think that I take responsibility for training them in English. I don’t
correct their work in English.

Northedge (2002) holds that the role of a university lecturer should be one of a
discourse guide leading ‘excursions’ into disciplinary discourse. However, the
physics lecturers interviewed in this study did not agree with this position.

4. Some teachers were prepared to take responsibility for the development of
certain aspects of students’ disciplinary literacy.
Nonetheless, some physics lecturers did say that the development of students’ disci-
plinary literacy would be something that they would work with. In these cases,
lecturers (grudgingly) took on Northedge’s (2002) role of a discourse guide. This
position was most common for mathematics which was seen as essential for an under-
standing of physics (See Airey, 2012, p. 75, for further discussion of this theme).

Interviewer: Do you then have to spend time going back over the maths?

Lecturer: Yes, what we do most of the time maybe he needs background on these topics.
Differentials—you don’t take it as granted that they know. Because of time constraints I
invite them in their free time, then I brush up on the maths.

So we would explain to them how to plot a graph, heading, labels—I mean our students
don’t know this! […] They don’t know about scales so you see we would spend a lot of
time explaining to them look why do we need a graph, why do we do this, so we would
explain why we want them to do it in a particular way and then it takes a lot of practice
and exercise to get better.
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The thing is that to be able to express it in a precise enough way you need mathematics.
Language is more limited than mathematics in this case. So they need to use mathematics
to see physics rather than language in this case.

5. The type of disciplinary literacy developed is focussed on the academy
The lecturers all report that they direct their teaching towards the academy, placing
physics disciplinary literacy in the bottom left-hand corner of the disciplinary
literacy triangle (Fig. 21.5).

Interviewer: We are interested in how you decide on the learning goals for your
students ….

Lecturer: Physics has been around for a long time, you know it changes very slowly, anyway
I would say that that is much given by the next level what you need to, to go on in physics

What I teach, society doesn’t really need to know—it would be nice if society knew and
understood … but you don’t have to know it.

21.13 Disciplinary Literacy Across Disciplines

The fundamental starting point for the conceptualization of disciplinary literacy
presented in this chapter is that different disciplines emphasize the development of
quite different communicative practices. Drawing on Bernstein (1999, 2000), Airey
and Larsson (2014) suggest that it is differences in disciplinary knowledge struc-
tures that lead to these strikingly different disciplinary literacy goals. This could
cause problems for inter-disciplinary work (see also argument in Airey, 2011b).

As we have argued, in physics, meaning is taken as agreed and unchanging
across contexts (see discussion in Airey, 2012). This in turn leads to a commitment
that physics itself is independent of the semiotic resources used to construct it.
However, this argument is more difficult to uphold in the case of more horizontal
knowledge structures where Bernstein (1999) suggests that development is actually
driven by the creation of new ‘languages’ to describe the world around us. In the
humanities meaning is contested and inextricably bound up with language. In
extreme cases it has even been argued that meanings made in one language might
be impossible to appropriately construe in another (Bennett, 2010).

In what follows, we present anecdotal evidence of this clash of disciplinary
literacy goals using data from a study of physics teacher training (Larsson & Airey,
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p
hysics

Fig. 21.5 The disciplinary
literacy triangle for physics.
The lecturers in the study
situated their disciplinary
literacy goals firmly within
the academy
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2014, 2015). First, the movement from the discipline of physics into teacher training
entails a radical change in communicative practices:

For me it was a shock to be thrown into an institution where you have to write essay-type
exam questions. The students who had read History, Swedish, Social science, they passed
these exams without any problems. For me the first time it was like ok, how do I do this?
(School physics teacher)

Airey and Larsson (2014) show how different ideas about what counts as
knowledge in the disciplines of physics and education have the potential to cause
problems for trainee physics teachers. Students who are steeped in the epistemolo-
gical commitments of a coherent, hierarchical, positivist, physics knowledge struc-
ture may experience the contingent nature of educational science as disjointed,
incoherent and unscientific.

These new values that they’ve included in the curriculum now—they don’t seem so
natural to me. There are competencies that I’m supposed to develop that can’t be
measured—it’s silly! The whole thing falls like a house of cards because you just can’t
measure these things. (School physics teacher)

Here we see how a commitment to coherence and measurability (values of hier-
archical physics) leads to the rejection of other forms of knowledge. This problem
is compounded by the attitude of physics lecturers who insist that trainee physics
teachers need the same experience as those reading for a physics degree:

Interviewer: Do you have different goals for physicists and engineers?

Lecturer: Yes, I suppose … but only slightly different.

Interviewer: And for the teachers is it the same?

Lecturer: Yes, I don’t really distinguish between them. You need to understand physics to
be able to teach it.

This quote also illustrates the inwardness of Bernstein’s singulars (such as physics).
This can be contrasted with the recontextualizing agenda of regions (such as educa-
tion) where singulars are ‘repackaged’ for use in the society and workplace (Fig. 21.6).

In Fig. 21.7 we bring together Bernstein’s two concepts of knowledge structure and
disciplinary classification in one diagram. Singulars such as physics and history can
have different knowledge structures, the same can be said of regions such as engineer-
ing and education. Here we see that that physics (hierarchical singular) and education
(horizontal region) are diametrically opposed within Bernstein’s two systems. This
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Fig. 21.6 Disciplinary
categorization in the
disciplinary literacy triangle.
Singulars face inwards,
developing disciplinary lit-
eracy for the academy, whilst
regions face both inwards and
outwards, recontextualizing
singulars for use in society
and the world of work
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surely has consequences for the types of communicative practices that are valued in
the two disciplines and the ease with which students can move between the two.

21.14 Conclusions

In this chapter we discussed the concept of disciplinary literacy and applied it to the
goals of university physics lecturers. Lecturers reported that disciplinary literacy in a
wide range of semiotic resources is a necessary condition for physics learning.
However, the same lecturers do not view the development of this disciplinary literacy
as their job. Although some lecturers were prepared to help students develop disciplin-
ary literacy, all the lecturers interviewed believed that teaching physics is something
that is separate from teaching disciplinary literacy. Here, Airey argues that:

Until lecturers see their role as one of socialising students into the discourse of their disci-
pline … [they] will continue to insist that they are not [teachers of disciplinary literacy]
and that this should be a job for someone else. (Airey, 2011b, p. 50)

In the final section of this chapter we tentatively addressed the issue of disci-
plinary literacy across disciplines. Here, we suggest that the differences between
the disciplinary literacy goals of physics and teacher training are an inevitable con-
sequence of the differences between the two disciplines in terms of Bernstein’s
disciplinary classifications. Regions such as education always have to reformulate
disciplinary literacy goals. Trainee physics teachers come from a singular with a
strong disciplinary identity. This identity needs to be renegotiated into a teacher
identity. As such we believe that teacher trainers should anticipate these issues
and discuss them with their trainees. In particular, we suggest that some trainee
teachers from disciplines with hierarchical knowledge structures may struggle to
see the validity of other types of knowledge.

Our intention in this chapter has been to examine the disciplinary literacy goals
of university physics lecturers. As such the concluding discussion of disciplinary
literacy across disciplines has necessarily been tentative in nature. Going forward
it would be interesting to apply the concept of disciplinary literacy to the analysis
of other disciplines—particularly those with different combinations of Bernstein’s
classifications of hierarchical/horizontal and singular/region.
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Fig. 21.7 Categorization of
disciplines using Bernstein’s
(1999, 2000) constructs.
Bernstein categorized physics
as the singular with the most
hierarchical knowledge
structure of all. In the same
diagram, education is
categorized in a radically
different manner—as a
horizontal region (adapted
from Airey & Larsson, 2014)
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Chapter 22
Commentary on the Expanding Development
of Literacy Research in Science Education

Larry D. Yore

Abstract This commentary situates, summarizes, and critiques the global attempts,
as documented in this book, to address the complex language/literacy-science
education problem space involving curriculum, integrated learning, classroom
practices, challenges, instruction embedded in an inquiry-oriented context, and
teacher education and development issues focused on the fundamental sense of
science literacy. Few science education policies or curriculum documents recog-
nize a contemporary view of learning science or specify that language is a critical
component of science literacy and that instructional attention must be afforded
science language, scientific metalanguage, and other fundamental abilities and
strategies as part of inquiry-oriented programs. Many countries rely on the lan-
guage arts or literacy curricula to justify disciplinary literacy in science education.
The infusion of literacy goals into science programs requires the reallocation of
effort and time, which many educators and teachers will view as impeding the
content objectives emphasized in most science curricula, teaching, and assessment.
This infusion will necessitate the development of a robust operational definition of
science literacy amongst the language/literacy and science education communities
that respects the epistemic and ontological nature of science, the development,
verification, and implementation of innovative science literacy opportunities in
argument-based, multiple information resources and technology-rich science
instruction, and new professional learning approaches for language and science
teachers in primary, middle, secondary, and postsecondary institutions. Furthermore,
the language/literacy and science education research communities may wish to
consider secondary analyses of existing research results in order to set the agenda
and designs for future research.
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literacy—derived · fundamental and applied components · just-in-time LLSE
instruction and tasks · Just-in-time professional development and ongoing support
· LLSE communities/researchers · meta-analyses and metasyntheses · models of
learning science and reading/writing · multimodal representations · networks of
diverse new and experienced researchers · science and engineering practices ·
science language (L3) challenges · science literacy pedagogical content
knowledge (PCK) · science writing heuristic · the 3-language problem · the three
μετά- (metas): metatalk · metacognition and metalanguage · theory-practice gap

22.1 Introduction

This three-part commentary will provide a scan of the language, literacy, and
science education (LLSE) landscape; a brief summary and critique of the parts of
the book to highlight the results reported and relationships amongst science curri-
culum reforms, content and language integration, classroom literacy practices,
disciplinary literacy and science inquiry, and teacher development; and foci and
approaches for future research and development efforts in LLSE. This commen-
tary is from the perspective of an experienced science educator; therefore, it will
not capture all the nuances of the authors and may run contrary to perspectives
and research preferences in the language and literacy education communities and
some in science education. However, it will try to highlight ideas, concerns, and
approaches for further considerations and to provoke deliberations.

22.2 Landscape of Language, Literacy, and Science Education

There have been a series of science education reforms since the 1960s that have
emphasized various learning theories, goals, and outcomes, teaching approaches,
and assessment techniques. These reforms were frequently based on influences,
desires, and opinions (e.g., political, international competition, economic develop-
ment, globalization) that originated outside of education communities, did not con-
sider the pervasive challenges and implementation barriers within the societies,
educational systems, and classrooms, and lacked compelling evidence of their
achievability and effectiveness. Many of the current international reforms are also
lacking informed input from the collective LLSE communities and evidentiary
support for the advocated curriculum, teaching, and assessment recommendations.
Inquiry-oriented teaching and learning—the goal of most international science
education reforms—is still questioned by many classroom teachers, and the
evidence for its effectiveness has only gradually been amassed with secondary
analyses of research results (Minner, Levy, & Century, 2010). A similar situation
has occurred for the current science literacy and the language and literacy in
science efforts. Many publications have reported fragmented and isolated research
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results on the science literacy problem space with very few long-term research
agendas that approximated the gold standard design of randomized large-scale
control and experiment groups. These big agendas require big money and inter-
disciplinary teams enacting increasingly more rigorous and robust designs as
evidence is amassed and the research agenda matures. Such projects are not avail-
able to many LLSE researchers. Therefore, these research communities must seek
innovative solutions to inadequate funding using novel designs and analysis
methods and developing international networks of interdisciplinary researchers
focused on this problem space. This book illustrates the potential for developing
such global perspectives and networks of diverse new and experienced researchers
interested in LLSE.

How people learn science is the essential foundation for curriculum, teaching,
and assessment reforms. A brief overview of the related literature reveals various
models of learning science and reading/writing, isolated explicit reading and writ-
ing instruction independent of science learning experiences, and science textbooks
that were encyclopedias of knowledge with readability generally higher than
assigned grade use as well as little attention to coordination of print and visual
adjuncts (Yore & Tippett, 2014). The pre-1960 read first, do later instructional
practices reflected the stimulus-response-reinforcement approach of the behaviorist
view of learning, where activities, if they occurred, became verifications of what
was read, and reading strategies, if provided, were generally bottom-up (i.e., skill
and drill) with little attention to top-down (i.e., prior knowledge and literacy of the
reader) or interactive-constructive approaches involving concurrent experiences,
prior knowledge, and information resources. The 1960s science education reforms
were founded on the rejection of reading science textbooks, which was shortened
to texts and then generalized to all text and language activities other than listening
and speaking in favor of hands-on experiences by many science educators. These
inquiry programs did not fully reflect how scientists actually use other information
resources and language modes to construct, argue, and communicate their ideas.

Today, contemporary interactive-constructivist views of learning generally
assume that learners, young or old, make meaning from concurrent experiences
and information and stored knowledge and experiences in working memory within
a sociocultural context using public negotiations and private processes.
Language—especially written and other learner-generated forms—is an essential
resource in learning science; furthermore, language—the placenta for a culture—
reflects cultural beliefs, values, and traditions. Therefore, science literacy instruction
focused on any population, especially minority and indigenous, needs to consider
beliefs and values inherent in their language and their views of knowledge and
wisdom about nature and naturally occurring events inherent in their culture.

Science literacy is an old construct, circa 1958, but it does not have a widely
shared definition within the LLSE communities. There appear to be three isolated
definitions in common use: knowledge about science, reading and writing in
science, or participation in the public debate about science-related issues. Some
researchers use an integrated, interactive, and dynamic framework of all three views
involving a derived component (e.g., knowledge about the science, the nature of
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science, and scientific enterprise), a fundamental component (e.g., cognitive/
metacognitive abilities, scientific dispositions/habits of mind, processes/practices,
critical thinking, constructive-interpretative language arts—speaking/listening,
writing/reading, representing/interpreting, and scientific metalanguage—enterprise
language), and the application of these components in the literate citizens’ public
debate about science, technology, society, and environment (STSE) or socioscienti-
fic issues (SSI). This book and the authors focus mostly on the second view dealing
with disciplinary literacy (i.e., fundamental sense) embedded in science learning
environments and its manifestations in curriculum, classroom teaching and assess-
ment practices, and teacher education/professional development.

22.3 Summary and Critique of the Contributions

The interesting contributions in this book represent a rekindling of international-
interdisciplinary LLSE research and development (R&D) scholarship as many of
the current issues are as much about technology and engineering (design/mission-
driven innovations) as pure scientific research (curiosity-driven inquiry). Several
contributions addressed the theory-practice gap, while others help redefine the
problem space with contemporary considerations of second-generation science
education reforms and contemporary school and social contexts globally. This
book is a start on establishing a global collaborative network of researchers and
setting a research agenda in LLSE.

22.3.1 Part 1: Curriculum Issues

Curricula, specific types of education policy, are products of political processes
and policymakers (i.e., educators, scholars, public stakeholders, politicians)
involved in complex negotiating and lobbying; such policies are influenced by a
variety of inputs and persuasion from groups with different degrees of power and
influence. Thereafter, educators and teachers spend much time interpreting and
enacting curricula without fully understanding how such policies were developed,
the sociopolitical factors that influenced their production, and the subsurface inten-
tions. The new USA framework was the product of the National Research Council
(NRC, 2012) composed of scientists, university faculty members, and members of
society. Elizabeth Moje, P. David Pearson, and I were invited to address an NRC
Steering Committee hearing. We lobbied for a clearer definition of science literacy
that was composed of dynamic, interacting, fundamental, derived, and applied
components that would embrace the communicative, epistemic, and rhetorical func-
tions of language in doing and learning science. Unfortunately, our effort had less
than the desired impact on the new framework. Although science literacy is not
explicitly mentioned, some features advocated can be implied in the science and
engineering practices: “#2—Developing and using models [representations], …
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#7—Engaging in argument from evidence [rhetorical function], … #8—Obtaining,
evaluating, and communicating information [communicative function]” (NRC,
2012, p. 42).

Several other international science curricula have evolved foundational assump-
tions, expanded their goals, and recognized instructional approaches over the
earlier views of learning and limitations of science teaching as solely inquiry-
oriented. The USA’s framework has assumed learning and teaching involves
interactive-constructivist views, science is as much about argumentation as inquiry
and engineering is about design not applied science, and broadens the goals—core
ideas, science and engineering practices, and crosscutting concepts (NRC, 2012).
The core ideas listed are idiosyncratic to the composition of the curriculum
committee and development process and would likely vary if these factors were
changed slightly. The interdisciplinary crosscutting concepts and the science and
engineering practices provide a potential context for anchoring and justifying the
fundamental and applied components of science literacy; that is, the cognitive,
social, and physical activities that scientists and engineers do to investigate, evalu-
ate (argue, critique, analyze), and develop explanations, solutions, and innova-
tions. The specificity of the science and engineering practices and crosscutting
concepts can be debated, but they are meant to stress the commonalities across the
life, earth-space, physical, and engineering sciences and provide foundation for
developing interdisciplinary programs like science, technology, engineering, and
mathematics (STEM). Unfortunately, the science and engineering practices do not
fully reflect the epistemic, communicative, and rhetorical functions of language in
making, arguing, and reporting meaning and understanding. This limited view of
language and literacy in science curricula requires advocates, as illustrated by
several authors in this book, to rely on their prescribed language arts curricula to
justify a fuller range of language and literacy strategies and to persuade teachers
of science about their inclusion.

The curricula in Australia, Norway, and Singapore, which were influenced by
the recognition of the ever-increasing diversity in schools and the value of disci-
plinary literacy, are similar to the emphases in other parts of the world. They
recognize the importance of science literacy and how it differs from traditional
definitions of literacy and the belief that science literacy is connected to improved
achievement. A hierarchical framework for disciplinary literacy abilities
(Shanahan & Shanahan, 2008) that progresses from the basic level (applicable to
most disciplines) to intermediate (applicable to some disciplines) and advanced
levels (applicable to specific disciplines) underpins these studies.

Knain and Ødegaard reported on the Budding Researchers project evolving
from the general curriculum reform across the disciplines that infused literacy and
opportunistic instruction (as needed) within science inquiries and projects.
Norwegian classroom and lead teachers collaborated to develop and evaluate
embedded writing, reading, and speaking in their science teaching that considered
science processes, basic literacy skills, and scientific metalanguage. The authors
believed that permanency of printed language and representations allow the reflec-
tions necessary to analyze data and to generate and check evidence-based claims,
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theory-based explanations, and cause-effect mechanisms. Davison and Ollerhead
reported similar results in Australia where science teachers implemented English
as a second language and addressed concerns about declining achievement of low-
SES students. These students’ underdeveloped language ability limited both their
participation in inquiry-based settings and group discussions and their understand-
ing of evidence-based reasoning and argumentation. The teachers believed that the
overcrowded curriculum and their inability to develop and infuse authentic science
literacy opportunities and practices in their classroom teaching were barriers to
implementing literacy-rich SSI and problem-based learning. Ho, Rappa, and Tang
reported on professional learning programs involving design-based research
(lesson studies) situated in Singapore’s attempt to implement the Whole School
Approach to Effective Communication in English mandate. The science teachers
benefited from just-in-time professional development and ongoing support from
school, university, and ministry of education resource people. One exciting design
study involving four teachers who planned and enacted science lessons using a
premise—reasoning—outcome approach focused on teaching students how to con-
struct scientific explanation (see Tang, 2016, for ontological attributes of scientific
explanations).

These three chapters revealed the lack of a clear, concise, and shared definition
of science literacy and confirmed the reluctance and limited awareness of teachers
of science, especially science specialists, to provide embedded language and
literacy support or explicit instruction within the context of science inquiry and
projects by diverting instructional time and effort away from traditional content
outcomes. The struggle to convince teachers of science would be much easier if
the authorized science curricula specifically identified fundamental literacy and
application components and the parts, abilities, and strategies in these components
as prescribed learning outcomes.

The research designs used reflect the current R&D into the policy, curriculum
implementation, and professional learning problem space—but they have limited
generalization and strength of claims. LLSE researchers would be well served by
ensuring that future case, participatory action, and lesson design studies have
common data sources and interpretative frameworks to allow for meta-analyses
(quantitative results) and meta-syntheses (qualitative results) from and across a
number of small-scale studies. Furthermore, these contributions illustrate the need
for policy and curriculum research to inform LLSE researchers about how they
could more fully and effectively participate in these endeavors and become influ-
ential change agents in promoting science literacy in science curricula.

22.3.2 Part 2: Content and Language Integrated Learning

All students are science or other disciplinary language learners (L3); language
conventions and traditions are essential parts of a discipline. The ever-increasing
diversity in classrooms worldwide has highlighted globalization, political unrest,
and dislocation of peoples and the related needs of students in schools where their
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home language/native tongue (L1) does not align with the language of instruction
(L2) or the target disciplinary language (L3). Visits to schools in Vancouver,
Minneapolis, Stockholm, Berlin, Melbourne, London, Capetown, and other urban
areas will document students speaking numerous nondominant/official languages.
Many multilingualism and multiculturalism students frequently demonstrate lower
achievement than dominant-language-speaking students.

Clearly, these multilingual sociocultural contexts complicate the three-language
problem, which only involves variations of nonstandard and standard forms of a
single language. However, the diversity represents richness of values, beliefs, and
experiences rather than a deficit in the construction of understanding. The diffi-
culty is not the richness of resources but rather how to access, engage, and coordi-
nate these memories and concurrent experiences on the cognitive workbench. The
following contributions report on some content and language integration efforts
that addressed science literacy in diverse settings.

Markic reported on participatory action research involving science and
German-as-a-second-language teachers planning and developing materials. She
found success in helping linguistically disadvantaged Grades 5–8 Turkish- and
Arabic-speaking students in science lessons using small group (2–3 students) and
individual methods that included intercultural understandings to engage the diverse
resources that these students bring to the learning environment. The science teachers
asserted that the second-language students needed less support in understanding and
writing when using these materials, while the students reported they were more moti-
vated and willing to share their writing products. Lo, Lin, and Cheung used lesson
studies in Hong Kong to document the rationale and collaborative approach of
science teachers, English language teachers, and university faculty to provide scaf-
folding and help reasonably proficient English-as-a-foreign language students (age
13–15). They developed, used, and evaluated integrated genre-based content and
language lessons focused on writing sequential explanatory texts (e.g., science talk,
terminology, representations, words, and phrases) that described and explained the
target phenomena to bridge the three languages. Their results suggested that the
materials and scaffolding enhanced students’ science literacy. Msimanga and
Erduran explored South Africa’s diverse multilingual classrooms where the language
and science problem is compounded by the facts that students learn English as their
third or fourth language and their teachers are not proficient in English. However, it
was informally reported elsewhere that many parents support the use of English
during instruction as they see it as necessary for future work or education. Lesson
transcripts illustrate how the participating teachers’ metatalk focused on the concep-
tual content as a discursive tool but did not address the language of science and its
demands and functions. Wu, Mensah, and Tang conducted case studies in New
York and Singapore secondary schools focused on English language learners (ELL).
These ELL populations have different socioeconomic and sociocultural backgrounds
and motives; that is, immigrants from the Dominican Republic seeking to complete
high school certificates and students in a private school seeking entrance to English-
speaking universities. The New York case study revealed that L1 can be used
for learning scientific content but is seen by some students as a hindrance to their
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acquisition of English. The Singapore study of teacher-directed dissemination of
knowledge and procedures provided few opportunities for student–teacher or student–
student interactions, but the students did use their L1 in laboratory and small-group
settings. Analysis revealed that comfort with using the English language was a signifi-
cant predictor of students’ science achievement.

These small-scale studies focused on content and language integration where stu-
dents are learning a majority language and language of instruction (L2) at the same
time as they learn the language of science (L3). Such studies are needed to better
understand the complexity and competing factors involved in learning and teaching
environments with students of diverse linguistic and cultural backgrounds. Applying
an interactive-constructive view of learning and teaching suggests the problem is not
lack of cognitive resources required to construct meaningful understandings, but
rather that they are stored in students’ L1, which differs from the desired dominant
language and the access and retrieval of these stored resources from long-term
memory may require the use of students’ home language.

Pragmatics as well as theoretical considerations need to be addressed regarding
the theory-practice gap in literacy-science teaching focused on science literacy.
English is often referred to as the lingua franca for international science, but
findings from an English language context may not be fully applicable to other
language and science literacy spaces (e.g., Mandarin, Swedish). Integration of lan-
guage and literacy into science learning and teaching is a very challenging task for
specialist teachers who lack insights into the complexities of the language system
or the nature of science. Science literacy has received increased attention in recent
years, but language and literacy educators appear to concentrate on the fundamental
component while science educators appear to concentrate on the derived component.
Furthermore, LLSE researchers do not always address the functions of language com-
pletely with many concentrating on communications and less so on meaning making
(epistemic function) and argumentation (rhetorical function).

Fundamental science literacy instruction, the focus of this book, needs to be
opportunistic by capitalizing on authentic science learning environments that
require just-in-time instruction and tasks. The contextual fabric of the inquiry will
avoid the so-called transfer problems encountered by much of the language
instruction outside of science classrooms. Opportunistic literacy instruction
requires convinced, confident, and proficient science teachers or teacher teams that
can grasp available opportunities and provide metatalk (i.e., talking about the dis-
course being used or targeted rather than simply talking about the concepts being
explored) about the language or literacy strategies. Integrated LLSE instruction
needs to recognize that students are not deficient in background, but rather they
bring a rich array of resources for making sense of the natural world—These ideas
may be encoded and stored in long-term memory using native languages that are
different from the language of instruction. Few teachers will be proficient in these
native languages; therefore, instructional strategies will need to be developed to
use the collective language abilities of the class and low-demand visual tasks (e.g.,
student drawings or other representations) to help individual students access,
engage, and use these cognitive resources in their meaning making.
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22.3.3 Part 3: Classroom Literacy Practices

Classroom literacy instruction can involve a variety of tasks, activities, and inter-
ventions focused on enhancing students’ communicative, epistemic, and rhetorical
strategies. Strategies are assumed to be clusters of commensurate operations,
moves, and skills that can be substituted for one another within the cluster and
used to accomplish the same function or outcome. Unlike skill development based
on rote memorization and drill and practice, effective strategies instruction should
involve mindful choice between alternatives or informed selection amongst
options. An example of this perspective applied to science literacy, such as data
interpretation to reveal empirical relationships (evidence-based claims), might
involve critical thinking about, data manipulation, and representations of observa-
tions, data tables, numerical calculations, diagrams, graphs, flow charts, other data
displays. Each of these options could partially illustrate potential patterns between
the dependent and independent variables. The decision to use one, or a combina-
tion, of these options will depend on other factors—audience, type of data, presen-
tation media, available technologies, and resources, etc. The following contributions
illustrate literacy instruction and methodologies in various countries, sciences, and
classroom settings.

Wilson and Jesson used case studies of New Zealand science teachers (2 each
in Grades 7, 9, and 11) to document the enactment of the national curriculum on
subject-specific literacy. Interpretations of classroom observations, teacher inter-
views, and measures of subject literacy pedagogical content knowledge (PCK)
used to document the teachers’ beliefs, knowledge, and practices indicated that the
teachers were using traditional teacher-directed approaches with supplemental
vocabulary definitions. The authors believed that there was a need to expand the
learning and assessment beyond content outcomes to include reading, writing, and
critical literacy. Cavalcanti Neto, Amaral, and Mortimer investigated the role of
discursive interactions in three multilingual Brazilian Grades 6 and 7 classrooms.
Results revealed differences in the teachers’ use of language and literacy: one
used an initiate-response-evaluate method, one used an interactive-dialogic to
access and partially use students’ ideas, and one used an interactive-dialogic
method to engage environmental issues. The authors believed that science literacy
is often limited to an authoritative reading and writing of scientific texts and could
be made more dialogic by including student-generated language, texts, and repre-
sentations, discussion, and argumentation. Jakobson, Danielsson, Axelsson, and
Uddling investigated Swedish multilingual Grade 5 students’ interactions and
meaning making. Results revealed that the teacher and students engaged in
meaning-making activities involving a variety of semiotic resources (e.g., repre-
sentations, speech, gestures, writing) to develop science literacy. However, some
classroom practices (e.g., stress of exactness, meticulousness, writing forms)
appeared to hinder meaning making. He and Forey examined a Grade 9 science
classroom’s meaning making with various resources and their affordances (e.g.,
language, gestures, animation) as part of an Australian professional development
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project. Analysis of a video recording revealed that gestures and animation pro-
vided temporal and spatial meaning while language mediated knowledge and
established conceptual links and organization.

These four interesting contributions generally lacked a shared working defini-
tion of science literacy; and the participating teachers focused on content know-
ledge with little consideration of learning the epistemic and rhetorical functions of
language and the ontological requirements of science. However, these chapters
provided foundations for defining and specifying contextual language in science
demands/actions. The listing of teacher actions and strategies, the multimodal
resources involved in meaning making, and the measurement of science literacy
PCK were important contributions that could be useful to LLSE researchers.

Explicit instruction about strategies (i.e., clusters of commensurate operations,
moves, and skills) should involve the three μετά- (metas): metatalk, metacognition,
and metalanguage. Metatalk involves talking about the target concept, which is
reasonably common in conceptual change teaching where learners need to be con-
vinced to give up or modify their existing conception for a more compelling, robust
alternative concept and to link the new concept to established ideas and practices.
However, literacy instruction also needs to involve metatalk about the literacy strate-
gies that considers the metacognitive awareness (declarative knowledge—what,
procedural knowledge—how, and conditional knowledge—why and when) and
metacognitive self-management or executive control (planning, monitoring, and
regulating) of the specific strategy and other strategies in the commensurate cluster.
Furthermore, literacy instruction needs to consider scientific metalanguage (enterprise
terms) associated with the nature of science (evidence supports not proves as in
mathematics, relationships amongst theory, model, hypothesis, prediction, inference,
and observation, etc.).

22.3.4 Part 4: Disciplinary Literacy Challenges

Science language (L3) incorporates terms from everyday, academic, and other
discipline-specific languages and enterprise terminologies and unique symbolic,
visual, genre (form/function), and style features that makes it challenging for
many producers and users of scientific oral and print texts. It is not uncommon
that highly proficient academic English students find the move into comprehend-
ing and producing scientific English language and text problematic and variable
across different science disciplines with their dense terminology and heavy reli-
ance on symbolic representations and mathematical features. These problems are
multiplied for ELL or other official language learners with nonstandard home and
minority everyday native languages. Students without some prior informal or for-
mal understanding of the target ideas and experiences with the oral or print science
text are expected to face challenges of lack of prior conceptual and experiential
resources. The following studies explored some of these challenges for proficient
and nonproficient dominant language speakers as they navigate amongst their
home, instruction, and scientific languages and texts.
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Liu examined the language and symbols in introductory secondary school
chemistry textbooks used in Singapore. The functional analysis of selected text-
books illustrated that chemical formulas and equations involve several numerical
and symbolic conventions to denote chemical structures/compositions and the
mechanics of reactants and products in chemical reactions. These well-established
conventions challenge many novice and nonexpert readers of chemistry.
Danielsson, Löfgren, and Pettersson examined the use of metaphors in a Swedish
and two Finnish-Swedish secondary chemistry classrooms. Analysis of video
recordings of classroom interactions indicated that the teachers used a variety of
scientific, everyday, and anthropomorphic metaphors as foundations for the prop-
erties of the atom. However, the native language (Swedish rather than English)
made a difference in whether a concept label might be metaphorical in nature. Ge,
Unsworth, Wang, and Chang explored the design of visual adjuncts on reading
comprehension and understanding of print-visual texts in Taiwan. This clever two-
group quasi-experimental study examined the effects of image design on reading
comprehension and meaning making involving visual and verbal text using a five-
phase interview (i.e., image only, addition of caption, addition of text, text with
synonymous image, selection, rationale of most appropriate image) to partition the
reading comprehension of 12 Grade 7 students in different textual conditions; a
comparison group read the text with textbook images, and a treatment group read
the same texts but with a tree-structure image. Results suggested that the textbook
image did not activate as many themes as the tree-structure representation, but sur-
prisingly the influence of prior knowledge was negligible.

The results from this part illustrate the need to consider language’s sociocul-
tural context, the visual and print resources involved, and linguistic features to be
considered. Much LLSE research has been done in English-language settings.
However, one needs to be cautious about generalizing these results to other
languages and settings because of linguistic differences. These studies reveal that
sociocultural beliefs/values, traditions, and conventions are embedded in the
language. The systemic functional linguistics and social semiotics interpretative
frameworks used in these contributions provide a sound basis for considering
other sciences and topics as well as language modes or resources (Liu’s explana-
tion of semiotics appears to be useful in physics as well as chemistry topics).

22.3.5 Part 5: Disciplinary Literacy and Science Inquiry

The collaboration and integration of the language and literacy community (disci-
plinary literacy) and the science education community (science as inquiry, engi-
neering as design, evidence-based argument, and science and engineering
practices) is the central focus of the next three studies. These lesson studies impli-
citly assumed that literacy in the science classroom should reflect what scientists
do, support students in learning the concepts and practices of science, and enhance
their application to the public debate about STSE or SSI problems leading to
sustainable evidence-based solutions. These assumptions closely approximate a
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contemporary definition of science literacy composed of fundamental, derived,
and applied components; they appear to use a constructive-interpretive view of the
language arts (speaking-listening, writing-reading, representing-interpreting) where
students generate oral, print, and visual texts as epistemic, rhetorical, and commu-
nicative tools in learning about, persuading others, and applying science.

Ødegaard explored how six elementary teachers implemented the Budding
Scientist program as part of the Norwegian emphasis on disciplinary literacy. This
program embedded students’ use of multiple sources of evidence (primary hands-on
experiences and secondary experiences: text-based inquiries, external information
sources, representational tasks, etc.) to construct understanding in argument-based
inquiry. Analysis of classroom video recordings, observations, and interviews
revealed multiple learning modalities (read-it, write-it, do-it, talk-it adapted from the
Seeds of Science/Roots of Reading program) distributed across different phases of
inquiry (preparation, data, discussion, communication). The teachers’ greatest chal-
lenge was to find the time and courage for consolidating conceptual learning in the
discussion and communication phases. Students expressed concerns that literacy
and the role of text in science were not clear. Tang and Putra explored the imple-
mentation of Singapore’s subject-specific literacy mandate using design studies
where four secondary school chemistry and physics teachers developed, enacted,
and tested integrated literacy and science lessons. The instruction-infused literacy
strategies were designed to support students in constructing scientific explanations
using the 5E Inquiry Cycle (engage, explore, explain, elaborate, evaluate).
Interpretation of classroom activities and interactions illustrated the literacy activities
and support of scientific practices and suggested specific ways of reading science,
translating information amongst or between various formats, and writing and evalu-
ating explanations. Tytler, Prain, and Hubber explored students’ construction and
use of multimodal representations in Australia. They engaged urban junior second-
ary school teachers and students in collaborative lesson studies about the rock cycle.
Analyses of lesson plans, classroom videos, instructional artefacts, and teacher–
student interactions revealed partially how to address the theory-practice gap and chal-
lenges within authentic/meaningful science inquiry. The locus of control during the
professional learning project was transferred to teachers as they gained self-confidence
and took increasing leadership in planning and enacting the guided-inquiry approach
(student-generated representation, experimental or alternative sources of evidence, dis-
cussion and evaluation of representation, assessment of learning).

These contributions implicitly endorse an interactive, dynamic relationship
amongst the three senses (fundamental, derived, and applied) of science literacy;
their design and results demonstrate how enhancement of fundamental literacy
strategies helped improve content understandings and promote participation in the
public debate about science-related issues. The opportunistic infusion of science
literacy strategies into authentic inquiry learning and use of multiple information
sources place increased demands on teachers and an expanded need for science lit-
eracy PCK not available to many preservice and practicing science teachers from
their previous professional education. The studies started to outline the demands
as well as the planning and classroom practices needed to address integrated
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science literacy and science learning. Participating teachers developed their
science literacy PCK in situ as they planned, enacted, and evaluated science les-
sons on a variety of topics and grade levels with multiple resources and language
modes using the collaborative support and mentoring of peers and experts. Each
instructional approach avoided transfer problems by infusing the literacy strategies
into actual science learning environments. These studies may lack generalizability,
but they indicate the need for teacher education and professional development invol-
ving ongoing support, mentoring, and cascading leadership that is not common in
many programs. Furthermore, they indicate the need for science curricula to expli-
citly identify fundamental and applied components of science literacy along with the
commonly identified derived understanding component. Without this endorsement
in the authorized science curricula, it is much more difficult to convince science
teachers of their fundamental and applied science literacy responsibilities.

22.3.6 Part 6: Teacher Development

This part naturally flows from earlier parts of this book by exploring issues and
tensions faced in preparing science teachers to integrate disciplinary literacy into
their teaching and the ongoing difficulty in teacher education related to changing
the effects of teachers’ previous experiences in school and university science
classes. Many university students selecting science education as a teaching area
have been successful in their prior science courses, which were frequently taught
with teacher- or professor-directed lectures, verificational laboratory work, and
knowledge-focused assessments. Students see little need to change such personally
effective methods (the It’s not broke; why fix it? perspective); therefore, they adopt
these well-engrained instructional methods. Language in these approaches
assumes a communication function used to disseminate knowledge, evaluate
understanding, and manage behavior. Contemporary language- and literacy-
oriented science instruction is different because it assumes epistemic and rhetorical
functions for language as well as the communicative function. The three contribu-
tions outline efforts to expose, convince, and empower preservice and practicing
teachers and university lecturers of these functions and related tasks and strategies.

Espinet, Valdés-Sanchez, and Hernández illustrated how the three-language pro-
blem can become more complicated in places like Catalonia, Spain, where there are
at least three common public languages as part of belonging to the European Union
and regional aspirations for nation status. This context makes learning the language
of science even more complex than in many countries and likely places it at a lower
priority than where English is spoken at home and is the basis for learning scientific
English in school. They examined 39 primary school preservice teachers’ beliefs
and expectations about the Content and Language Integrated Learning approach.
Analysis of the participants’ science and language narratives revealed that their
science experiences were more related to negative school contexts, whereas their
language experiences were connected to a variety of positive out-of-school contexts.
The implications for teacher education are related to how to connect these formal
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and informal experiences and to establish the value and utility of language, science,
and science education. Hand, Park, and Suh tracked changes in 28 middle school
teachers’ epistemic orientations and pedagogical practices as they experienced and
implemented the Science Writing Heuristic (SWH) approach during a three-year
immersion argument-based inquiry professional development project in the USA.
Analysis of teachers’ epistemic orientation and students’ critical thinking revealed
that teachers started to view science as argument and language as an epistemic tool
and that improved implementation of the SWH approach led to enhanced critical
thinking by the students. The authors suggested that professional development is not
a quick fix, teachers need to be aware that language is essential for learning of
science, and science cannot be done without language, especially written language.
Airey and Larsson explored the disciplinary literacy goals related to university,
workplace, and society of 30 undergraduate physics lecturers in Sweden and South
Africa. These differences pose significant challenges for preservice physics teachers
who have to navigate across the disciplines of physics (hierarchy structure) and
education (horizontal structure). Analysis of semi-structured interviews revealed the
lecturers had similar disciplinary literacy goals for their students and very different
ideas about their responsibility to teach literacy and the use of the semiotic
resources. Results indicated that the lecturers moved toward a broadened view of
science literacy that includes using cognitive resources and various information
sources in different contexts, but was still limited to the communicative function,
neglecting the rhetoric and epistemic functions.

The professional education and learning of science teachers to incorporate
science literacy into their beliefs and values, instructional goals, and PCK cannot
be achieved by lecture or increased time in traditional coursework. It requires
coordinated efforts across university departments and the teaching profession with
authentic learning experiences involving planning, classroom engagement, and
reflection-on/reflection-in action. Contemporary views of science literacy are a
major departure from the traditional expectations and experiences of preservice
and practicing teachers of science. Many science teacher education programs
involve several departments in the science faculty and the general education, lan-
guage and literacy, and science education departments of the education faculty—
these two faculties’ views about science literacy are frequently not aligned. Many
science courses stress and reward content mastery, while general, language/
literacy, and science education courses do not provide consistent views about
goals, teaching, and assessment across the integrated components of science
literacy for citizenship. Therefore, many teachers leave their initial education with
rather poorly organized and justified traditional beliefs, values, and practices about
effective science teaching and assessment. This claim can be verified by visits to
early-career and experienced science teachers’ classrooms where teacher-directed
lectures are the most common teaching approach to be found. Professional devel-
opment takes time. A long-term conceptual change approach to teacher education
and professional learning with ongoing clinical experiences and mentoring is
needed to achieve the goal of teachers facilitating student-directed learning with a
variety of experiences and resources.
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22.4 Closing Remarks

It has been both pleasant and educational reading—consolidating my reactions
and commenting on this book that gives a global perspective and overview to the
complexity of the language/literacy and science problems space and that consi-
dered curriculum, content and language integration, classroom practices, disciplin-
ary literacy within science inquiry, and professional learning components. My
closing remarks recognize the pragmatics of an edited book endeavoring to
achieve these worthwhile goals and different preferences about research design
within and across the LLSE research communities. These remarks are not intended
to be viewed as negative or to reignite the paradigm wars. Rather, they are pro-
vided to reinforce a few ideas and to move the concerned communities toward
shared deliberations, insights, and consensus about their commonalities and differ-
ences, and relationships amongst science literacy, science understanding, and
participatory citizenship. These collaborative efforts should provide a basis on
which to (a) develop more useful operational definitions, compelling arguments,
and empirical claims, (b) explicitly recognize the limitations of hastily drawn glo-
bal assertions/claims and recommendations, and (c) outline potential actions and
research addressing integrated language, literacy and science curricula, learning,
teaching, and assessment.

22.4.1 Science Literacy

A consensus operational definition of science literacy is lacking in LLSE litera-
ture. Science literacy was originally defined as knowledgeable in science (derived
sense) and later revised to include a language component (fundamental sense) and
recently evolved to include an application component (citizen participation sense).
The derived sense, which reflects authorized curricula, can include knowledge
about the nature of science, big ideas such as core ideas and crosscutting concepts,
and science, technology, and social interactions. The fundamental sense can
include cognitive/metacognitive abilities, emotional dispositions/habits of mind,
attitudes, science and engineering practices/processes, critical thinking, and scien-
tific language (speaking-listening, writing-reading, representing-interpreting, enter-
prise terms). The application sense can involve the fundamental and derived
senses required of an informed, active citizen in the consideration of public
science, technology, and environment-related issues to make informed decisions
and produce sustainable solutions.

The definition of science literacy continues to evolve toward the interacting
perspective, as no component should or can standalone. The NRC (2016) report
has provided an expanded view of science literacy that goes beyond the individual
to include the community/society; it “identified four additional aspects of science
literacy that, while less common, provide some insight into how the term has been
used: foundational literacy, epistemic knowledge, identifying and judging
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scientific expertise, and dispositions and habits of mind” (p. 5). Science literacy
and its subsumed components should consider the criticality needed in our rich,
diverse, and un-reviewed information communication technology age that can be
elaborated and repositioned to address an elite version focused on STEM careers
and expertise by increasing the specificity and proficiency levels.

The expressed intention of this book was to focus on the fundamental sense
(disciplinary literacy), but just about every contribution considered the fundamental
sense in conjunction with the derived or applied senses. However, several authors
do not consistently recognize the functions of language in doing and learning
science—communication, construction, and argumentation of/about knowledge—
nor the nature of science involving unique epistemic features and ontological
requirements.

22.4.2 Explicit Views of Science Learning

Researchers and research reports about science literacy need to specify their
assumed view of learning, which will influence beliefs, values, and practices about
teaching for science literacy and the interpretation of data and results. Taking a
behavioral view would lead to assumptions that science literacy is a collection of
language skills applied to science that could be achieved by a drill-and-practice
approach. Taking an interactive-constructive view involves learners making mean-
ing from a combination of prior knowledge, experiences, and beliefs and concur-
rent sensory experiences and information sources within a sociocultural context
and defined content area with public and private negotiations (see Hand et al., in
this book). The interactive-constructivist view moves science literacy instruction
toward strategic clusters and interacting abilities, the three μετά (metatalk, meta-
cognition, metalanguage), and group and individual negotiations using multiple
modes of language in constructing and representing understanding.

22.4.3 Science Education Policy and Curricula

Policy and curriculum development do not always consider the realities of schools,
classrooms, students, and teachers fully. Sometimes the most powerful members
of a development group can unknowingly move the policy and curriculum toward
unachievable ends. The 1960s process versus product dilemma and inquiry-
oriented teaching are illustrations of such ends brought about by well-meaning
scientists and philosophers.

The current science reforms and curricula continue to emphasize science as
inquiry but have added engineering as design, science and engineering practices,
and implicitly recognized the importance and some functions of language (com-
munications and argumentation) as epistemic tools in doing and learning science.
However, they stress approaches without fully considering the problematic
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features and challenges for teachers. Many generalist and specialist teachers with
limited science knowledge, PCK, and experience working in challenging linguisti-
cally diverse environments are unable to successfully implement the outcomes and
teaching methods. The barriers—lack of background, support, equipment,
resources, preparation, and instructional time; large class sizes; overcrowded
curricula—overwhelm these teachers.

22.4.4 Theory-Practice Gap in Science Literacy

Collectively, the chapters in this book have provided partial evidence for several
literacy strategies and identify the need to address the complex and potential inter-
actions amongst educational policy, curriculum, science literacy instruction, and
teacher education and profession development within argument-based inquiry
environments. This is important as analysis of teacher magazine articles on class-
room practice involving language and literacy activities embedded or associated
with the science education program revealed that most of the recommended prac-
tices, regardless of their efficacy, do not have sufficient research foundation and,
therefore, do not qualify as evidence-based practices (Jagger & Yore, 2012).

22.4.5 Teacher Education and Professional Learning

Teacher education and professional learning must address the difficulty of chan-
ging teachers’ established beliefs and practices—many of which go back to their
experiences as an elementary, middle, or secondary school student or their post-
secondary science courses. Clearly, initial teacher education and continuing
professional development cannot be viewed as quick fixes. One contribution in
this book used a PCK measure for science literacy that holds promise for further
efforts. Furthermore, policy scholars need to explore the internal politics within
curriculum development and teacher education programs to determine the factors
influencing program, recruitment, and enrolment management efforts. Based on
my experience, science and disciplinary literacy educators hold minority positions
with little power to influence these decisions.

22.4.6 Building More Compelling Research Claims

This edited collection has illustrated the potential influences and differences
among native/home languages, cultures, societal and environmental contexts on
the use and interpretation of language in doing and learning science. Any generali-
zation to other non-English languages, schools, and societies based on English
language settings and results must be questioned based on the different linguistic
structures of these languages and the classroom settings, cultural values, and
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beliefs associated with Anglo communities. The results of some chapters have
demonstrated how sociocultural and linguistic contexts change the classification
and interpretation of data—verb-based compared to object-based iconic languages
like Mandarin, nucleus as metaphor in Swedish, etc.

More literacy-science research using all types of designs is needed, but it may
be time to encourage convergence of existing results before striking out on diver-
gent R&D agendas. How can we naturally integrate language, literacy, and science
into argument-based inquiry, design, and science and engineering practices? Case,
participatory action, lesson, and design studies and quasi-experimental studies
have been useful in surveying the problem space, defining driving questions, and
illustrating unique and potentially powerful teaching/learning approaches, data col-
lection, and data analysis techniques. But the need for (a) inclusive definitions of
science literacy, (b) understanding the distinctive nature of science, and (c) models
of science learning that respects the ontological requirements, epistemic practices,
and metalanguage of science overrides doing more of what has been done without
these definitions.

The integrated language, literacy, psychology, measurement, and science com-
munities must form multidisciplinary, cognitive science, and multi-methodological
research networks to achieve fiscal efficiencies and address the more complex
issues in the language-science learning, teaching, and assessment problem space
because of the multiple information sources and communication technologies
available. The international nature of the author teams and research environments
in this book illustrates the potential influence of home/native language on the
demands and requirements of doing and learning science in different cultural,
social, and environmental contexts. A first step would be to conduct meta-
syntheses and meta-analyses of existing interpretative and quantitative results to
establish a firmer foundation and landscape of the language-science problem space
and compelling evidence-based practices (Rossman & Yore, 2009). The history
(1999–) of the SWH approach based on the authors’ opinions, numerous related
qualitative and quantitative studies, and the meta-analysis and meta-synthesis of
these results illustrated how the theory-practice gap was addressed and how an
evidence-based science literacy practice was established (Jagger & Yore, 2012).
Finally, there are multiple needs for policy research and action—participatory
action research that clarifies the basis for curriculum decisions and teacher educa-
tion program revisions involving science literacy education.

References

Jagger, S., & Yore, L. D. (2012). Mind the gap: Looking for evidence-based practice in science
literacy for all in science teaching journals. Journal of Science Teacher Education, 23(6),
559–577.

Minner, D. D., Levy, A. J., & Century, J. (2010). Inquiry-base science instruction—what is it
and does it matter? Results from a research synthesis years 1984 to 2002. Journal of
Research in Science Teaching, 47(4), 474–496.

396 L.D. Yore



National Research Council. (2012). A framework for K-12 science education: Practices, cross-
cutting concepts, and core ideas. Washington: National Academy of Sciences.

National Research Council. (2016). Science literacy: Concepts, contexts, and consequences.
Washington: National Academy of Sciences.

Rossman, G. B., & Yore, L. D. (2009). Stitching the pieces together to reveal the generalized
patterns: Systematic research reviews, secondary reanalyses, case-to-case comparison, and
metasyntheses of qualitative research studies. In M. C. Shelley II, L. D. Yore, & B. Hand (Eds.),
Quality research in literacy and science education: International perspectives and gold
standards (pp. 575–601). Dordrecht: Springer.

Shanahan, T., & Shanahan, C. (2008). Teaching disciplinary literacy to adolescents: Rethinking
content-area literacy. Harvard Educational Review, 78(1), 40–59.

Tang, K-S. (2016). Constructing scientific explanations through premise–reasoning–outcome
(PRO): An exploratory study to scaffold students in structuring written explanations.
International Journal of Science Education, 38(9), 1415–1440. https://doi.org/10.1080/
09500693.2016.1192309

Yore, L. D., & Tippett, C. D. (2014). Reading and learning science. In R. Gunstone (Ed.),
Encyclopaedia of science education (pp. 821–828). Dordrecht: Springer. https://doi.org/
10.1007/978-94-007-6165-0130-2

39722 Expanding Development of Literacy Research in Science Education

http://dx.doi.org/10.1080/09500693.2016.1192309
http://dx.doi.org/10.1080/09500693.2016.1192309
http://dx.doi.org/10.1007/978-94-007-6165-0130-2
http://dx.doi.org/10.1007/978-94-007-6165-0130-2


Index

A
Academic literacies in science, 90, 91
Adolescent literacy, 135
Affordances, 180, 184, 188, 197, 201, 232,

233, 304, 360, 387
Analogies, 220, 221, 226, 227, 230, 232, 233
Argument-based inquiry, 340, 341, 342, 343,

344, 351, 354, 390, 392, 395, 396

B
Basic skills, 15–27, 262

C
Chemistry teaching, 222
Classroom discourse, 3, 7, 99, 100, 135, 153,

165, 269, 293
Classroom literacy practices, 5, 380, 387–388
Classroom practices, 54, 220, 272, 310, 314,

387, 390, 393
Communicative and rhetorical functions of

language, 383
Comparative education, 358
Concepts, 3, 47, 48, 87, 92, 103, 105, 106,

107, 109, 145, 150, 190, 220, 221, 276,
292, 294, 304, 340, 353, 389

Conceptual understanding, 20, 30, 39, 92,
109, 116, 120, 140, 206, 269, 271, 272,
273, 283, 284, 287, 341, 342, 348, 351

Constructing explanations, 189, 283, 287,
292–294

Construction and critique, 341, 343
Content and language integrated learning

(CLIL), 5, 6, 68, 80, 322–323, 384–386, 391

Content area literacy, 2, 3
Content teaching and learning, 45
Content-based language instruction, 115
Content-language tension, 113–128
Continuity, 55, 107, 169, 177, 180, 326
Curriculum, 19, 27, 34, 45, 52, 93, 262, 381,

382, 383, 384, 387, 394, 395
Curriculum reform, 5, 16–19, 26, 27, 281,

380, 383

D
Disciplinary literacy, 4, 5, 8, 9, 29–40,

45–58, 134, 135, 143, 144, 189, 221,
284, 287, 302, 310–314, 357–372, 383,
388–391, 392

E
English language, 48, 84, 98, 100, 118, 325,

334, 386, 388, 389, 395
English language learners (ELLs), 6, 31, 33,

81, 82, 97–109, 113–128, 385
English learners, 114
English medium education (EMI), 83, 84
English second language learners (ESLs), 98,

101, 108
Environmental issues, 150, 151, 152, 158,

159, 160, 161, 162, 163, 165, 387
Epistemic, 4, 292, 302, 382, 383, 387, 388,

390, 391
Epistemic orientation, 339–354, 392

F
5E inquiry cycle, 275, 390

399© Springer International Publishing AG 2018
K.-S. Tang, K. Danielsson (eds.), Global Developments in Literacy Research
for Science Education, https://doi.org/10.1007/978-3-319-69197-8



G
Genre-based pedagogy, 80, 82–83, 85, 89, 91,

92, 93, 94
German language, 66, 68, 71, 72, 75
Global perspectives, 381
Grammar, 34, 100, 208, 240

I
Image design, 237–256, 389
Inquiry, 8, 20, 23, 261, 262, 267, 268, 273,

281, 282, 287, 297, 383, 389
Inquiry-based science education, 267
Inquiry-based science teaching (IBST), 23,

26, 273
Integrated curriculum, 94
Integrated genre-based content and language

lessons, 385
Integrated inquiry and literacy approach, 269,

282, 298
Interactive and dynamic framework

of science, 381
Intercultural understanding, 63–75, 385

K
Knowledge structures, 363–364, 369, 370,

371

L
Language, 5, 55, 64, 80, 81, 97–109, 127,

128, 176, 186, 189, 190, 191, 193–197,
198, 214, 220, 321–335, 380–382,
387, 392

Language across the curriculum, 84, 93, 94
Language experience narratives, 8, 321–335
Language use in science, 6, 344
Literacy, 20, 32, 97–109, 144, 262–264,

272, 285, 287, 361, 380–382, 384, 392,
393, 396

Literacy challenges, 7, 30, 205–216
Literacy practices, 2, 7, 33, 46, 54, 264, 272,

273, 274, 276
Lower secondary school, 25

M
Meaning, 206, 208, 211, 215, 216
Meaning-making, 3, 32, 33, 98, 99, 103, 145,

167–180, 183–201, 206, 209, 215, 238,
240, 249, 254, 256, 303, 387

Meta talk, 6, 97–109
Metaphors, 7, 219–234, 389
Multilingual students, 66, 168, 179

Multilingualism, 66, 322, 385
Multimodal, 4, 172, 184, 206–207, 216, 284,

311, 388, 390
Multimodal discourse analysis, 183–201
Multimodality, 3, 27, 85, 167, 168, 216,

360–361
Multiple representations, 239, 240, 304, 342

N
National curriculum, 2, 5, 16, 33, 150, 262,

314, 387
New Zealand, 2, 7, 133–146, 387

P
Participatory action research, 6, 68–70, 385
Pedagogy, 18, 51, 54, 83, 99, 102, 201, 216,

345
Preservice teacher education, 6, 9, 30, 33, 34,

35, 40

R
Reading comprehension, 7, 137, 238, 239,

241, 254, 256, 389
Representation, 140, 207, 220, 240, 255, 256,

269, 301–315, 328, 367, 390

S
Science, 30, 31, 35, 46, 65, 98, 134, 149–165,

168, 183, 196, 221, 225, 262, 264, 265,
272, 330, 332, 383, 384

Science communication, 101, 185, 188, 394
Science education, 1–9, 18, 27, 30, 31, 32, 54,

64, 65, 69, 101, 102, 114, 150, 151, 168,
184, 185, 187, 197, 216, 221, 222, 262,
265, 267, 282, 303, 323, 335, 340–341,
354, 367, 379–396

Science experience narratives, 326
Science inquiry, 8, 25, 49, 262, 263, 264,

269, 276, 282, 283–284, 302, 380, 384,
389–391, 393

Science Writing Heuristic (SWH), 8,
339–354, 392

Scientific explanation, 24, 49, 56, 196, 282,
284–286, 292, 293, 313, 384

Scientific literacy, 4, 5, 7, 15–27, 30, 31,
38, 48, 49, 64, 73, 114, 128, 134, 150,
151, 152, 163, 165, 168, 179, 185, 205,
233, 262–264, 304, 339–354, 360,
361, 362

Secondary science, 113–128, 141, 183–201,
222, 345

400 Index



Semiotic affordances, 184, 185, 188, 189, 190,
197, 201

Sheltered instruction (SI), 115
Singulars versus regions, 364
Symbolic formulas, 205–216
Systemic functional linguistics (SFL), 3, 32,

169, 170, 186, 219, 224, 285, 389

T
Teacher development, 5, 324, 380,

391–392
Teacher education, 6, 9, 30, 33–35, 38,

101, 109, 323, 326, 329, 335, 391,
392, 395

Teacher observations, 137

Teaching strategies, 98, 106, 145, 149–165,
266, 287

Translanguaging, 114–115, 124
Tree structure, 7, 237–256, 389

U
Undergraduate physics, 9, 358, 360, 366, 392

V
Video study, 267, 268

W
Writing in the disciplines, 18, 27

401Index


	Foreword
	References

	Acknowledgements
	Contents
	List of Contributors
	1 The Expanding Development of Literacy Research in Science Education Around the World
	1.1 Background
	1.2 Evolving Views of Literacy
	1.3 Overview of Chapters
	1.4 Concluding Remarks
	References

	1 National Curriculum and Initiatives
	2 The Implementation of Scientific Literacy as Basic Skills in Norway After the School Reform of 2006
	2.1 Introduction: Basic Skills in a Curriculum Reform
	2.2 Implementation and Development
	2.2.1 Assessments of the Curriculum Reform
	2.2.2 Revision of Curriculum
	2.2.3 Teacher Training Courses
	2.2.4 Research Projects Involving Writing Across Different School Subjects
	2.2.5 Research Projects Involving Scientific Literacy and Inquiry

	2.3 Discussion
	References

	3 But I’m Not an English Teacher!: Disciplinary Literacy in Australian Science Classrooms
	3.1 Introduction
	3.2 The Call for Greater Scientific Literacy in Australia
	3.3 A Stronger Emphasis on Language and Literacy in Australian Curriculum Documents and Standards and in Teacher Education
	3.4 New Directions: Language and Literacy “Mentoring” in Preservice Education
	3.5 Conclusion
	References

	4 Meeting Disciplinary Literacy Demands in Content Learning: The Singapore Perspective
	4.1 Introduction
	4.2 Theoretical Foundations
	4.3 Disciplinary Literacy Through the Lens of Effective Communication in the National Curricula
	4.3.1 The Implications of Situating Disciplinary Literacy Within the Effective Communication Framework

	4.4 Systemic Support for Developing Literacy in the Content Areas
	4.4.1 Professional Learning Courses: Key Features and Challenges
	4.4.2 School-Based Collaborative Research: Impact on Pedagogy

	4.5 Implications
	4.6 Coherence
	4.7 Contextualisation
	4.8 Cascading
	4.9 Conclusion
	References


	2 Content and Language Integrated Learning (CLIL) in Science
	5 Learning Language and Intercultural Understanding in Science Classes in Germany
	5.1 Introduction
	5.2 Theoretical Background
	5.3 Rationale of the Project
	5.4 Research Methods
	5.4.1 Participatory Action Research
	5.4.2 Lesson Module “Staying Healthy”
	5.4.3 Sample

	5.5 Results
	5.6 Conclusions and Implications
	References

	6 Supporting English-as-a-Foreign-Language (EFL) Learners’ Science Literacy Development in CLIL: A Genre-Based Approach
	6.1 Introduction
	6.2 Science Literacy and Challenges Imposed on EFL Learners
	6.3 Dilemmas Facing Science Teachers in CLIL
	6.4 Genre-Based Pedagogy – A Possible Solution to the Problem of How to Integrate Content and Language Teaching
	6.5 The Project
	6.6 Data Collection and Analysis
	6.7 Design of the Materials Based on Genre-Based Pedagogy
	6.8 Findings and Discussion
	6.8.1 Delivery of the Materials – Integration of Content and Language Teaching

	6.9 Teachers’ Reflection and Students’ Work
	6.10 Conclusion
	6.11 Appendix
	6.11.1 Transcription Conventions

	References

	7 Language, Literacy and Science Learning for English Language Learners: Teacher Meta Talk Vignettes from a South African Science Classroom
	7.1 Introduction
	7.2 Theoretical Framework
	7.3 Methodology
	7.4 Results
	7.5 Discussion
	Acknowledgements
	References

	8 The Content-Language Tension for English Language Learners in Two Secondary Science Classrooms
	8.1 Introduction
	8.2 Literature Review
	8.3 Theoretical Framework
	8.4 Methodology
	8.4.1 New York City
	8.4.2 Singapore
	8.4.3 Data Collection and Analysis

	8.5 Results
	8.5.1 New York City
	8.5.1.1 Direct Translation of Vocabulary and Content
	8.5.1.2 Transitioning to English

	8.5.2 Singapore
	8.5.2.1 Use of L1 in Secondary Science Classroom
	8.5.2.2 Relationships Between Language Use and Science Achievement
	8.5.2.3 Influence of Native Language Usage on Conceptual and Linguistic Development


	8.6 Discussion
	8.7 Conclusion
	References


	3 Science Classroom Literacy Practices
	9 A Case Study of Literacy Teaching in Six Middle- and High-School Science Classes in New Zealand
	9.1 Methods
	9.2 Findings
	9.3 An Overview of Teaching and Learning Activities
	9.4 Opportunities for Reading
	9.5 What Do Science Teachers Teach When Science Teachers Teach Literacy?
	9.6 Teaching Approaches for Teaching Vocabulary
	9.7 Discussion
	References

	10 Analyzing Discursive Interactions in Science Classrooms to Characterize Teaching Strategies Adopted by Teachers in Lessons on Environmental Themes
	10.1 Introduction
	10.2 Literature Review
	10.3 Methodology
	10.4 Results
	10.4.1 Teacher T1
	10.4.2 Teacher T2
	10.4.3 Teacher T3

	10.5 Discussion
	10.6 Final Remarks
	References

	11 Measuring Time. Multilingual Elementary School Students’ Meaning-Making in Physics
	11.1 Theoretical Perspectives
	11.2 Methodology and Analytical Framework
	11.3 General Structure and Setting: The Lesson
	11.4 Multimodal Ensembles
	11.4.1 Written Language
	11.4.2 Spoken Language
	11.4.3 Hands-On Activity: Creating Shadows According to the Diagram
	11.4.4 Models and Wordplay

	11.5 Discussion
	References

	12 Meaning-Making in a Secondary Science Classroom: A Systemic Functional Multimodal Discourse Analysis
	12.1 Introduction
	12.2 Multimodal Research in Science Education
	12.3 Developing a Framework for Multimodal Classroom Interactions
	12.4 Methods
	12.4.1 Data Collection and Selection
	12.4.2 Data Analysis

	12.5 Findings and Discussions
	12.5.1 Generic Stages and Phases in Animation, Gesture, and Language
	12.5.1.1 Animation
	12.5.1.2 Gesture
	12.5.1.3 Language


	12.6 Multiplying Meaning: Mapping Between Teaching Sequence and Multiple Modes
	12.7 Conclusion
	References


	4 Science Disciplinary Literacy Challenges
	13 Literacy Challenges in Chemistry: A Multimodal Analysis of Symbolic Formulas
	13.1 Introduction
	13.2 A Multimodal View of Literacy Challenges in Chemistry
	13.3 Data and Analytic Methods
	13.4 Grammatical Construction of Chemical Formulas
	13.4.1 The Operative Process in Chemical Formulas
	13.4.2 The Reactive Process in Chemical Formulas
	13.4.3 Parentheses in Chemical Formulas
	13.4.4 Structural Condensation of Chemical Formulas
	13.4.5 The Historical Rankshift of Chemical Formulas

	13.5 Implications for Chemistry Education
	13.6 Conclusion
	References

	14 Gains and Losses: Metaphors in Chemistry Classrooms
	14.1 Introduction and Background
	14.2 Aims
	14.3 Data
	14.4 Analytical Methods
	14.5 Results
	14.5.1 The Science Domain
	14.5.2 The Everyday Life Domain
	14.5.3 Anthropomorphic Metaphors

	14.6 Discussion and Conclusions
	References

	15 Image Design for Enhancing Science Learning: Helping Students Build Taxonomic Meanings with Salient Tree Structure Images
	15.1 Introduction
	15.1.1 Research Questions

	15.2 Theoretical Framework
	15.2.1 Cognitive Theories About Image and Language Comprehension
	15.2.2 A Semiotic Theory of Image and Language Relations

	15.3 Method
	15.3.1 5- Phase Interview
	15.3.2 Reading Materials
	15.3.3 Participants

	15.4 Findings
	15.4.1 Phase 1. Image Only
	15.4.2 Phase 2. An Image with Caption
	15.4.3 Phase 3. An Image with Caption and Verbal Text
	15.4.4 Phase 4. With Additional Image, Caption and Verbal Text
	15.4.5 Phase 5. Image Judge and Justification
	15.4.6 The Number of Misunderstandings in the Four Phases

	15.5 Discussion
	15.5.1 The Effects of Image Design
	15.5.2 The Effects of Verbal Text
	15.5.3 The Influence of Prior Knowledge
	15.5.4 Participant Image Choices and Reasons

	15.6 Conclusion and Implications
	Acknowledgements
	References


	5 Disciplinary Literacy and Science Inquiry
	16 Inquiry-Based Science and Literacy: Improving a Teaching Model Through Practice-Based Classroom Research
	16.1 Introduction
	16.2 Local Context
	16.3 Inquiry-Based Science, Scientific Literacy, and Literacy
	16.4 Inquiry-Based Science and Literacy Studies
	16.5 The Budding Science Teaching Model
	16.6 The Budding Science and Literacy Research Project
	16.7 Methodological Design
	16.8 Review of Studies: Findings
	16.9 The Improved Budding Science Model: Discussion
	16.10 Four Inquiry Phases
	16.11 Explicit Teaching
	16.12 Conclusions
	References

	17 Infusing Literacy into an Inquiry Instructional Model to Support Students’ Construction of Scientific Explanations
	17.1 Introduction
	17.2 Theoretical and Instructional Frameworks
	17.2.1 Scientific Inquiry and Inquiry-Based Teaching
	17.2.2 Disciplinary Literacy
	17.2.3 Scientific Explanation and PRO Strategy
	17.2.4 Literacy-Inquiry Instructional Model to Foster Scientific Explanation

	17.3 Methodology
	17.3.1 Research Context and Design
	17.3.2 Data Sources and Analysis

	17.4 Analyses and Findings
	17.4.1 Framing Driving Question
	17.4.2 Conducting Experiments and Collecting Evidence
	17.4.3 Constructing Explanations
	17.4.4 Communicating and Evaluating Explanation

	17.5 Discussion
	References

	18 Representation Construction as a Core Science Disciplinary Literacy
	18.1 Introduction
	18.2 Describing the Representation Construction Inquiry Approach
	18.3 The Nature of Representational Work in the Inquiry Approach
	18.4 Student Learning Outcomes: Building Disciplinary Literacy
	18.5 Conclusion
	References


	6 Science Teacher Development
	19 Science and Language Experience Narratives of Pre-Service Primary Teachers Learning to Teach Science in Multilingual Contexts
	19.1 Introduction
	19.2 A Content and Language Integrated Learning Approach (CLIL) to Primary Science Education
	19.3 Challenges of CLIL Primary Science Teacher Education
	19.4 Experience Narratives in Pre-Service Teacher Education
	19.5 Approaching the Analysis of Science and Language Experience Narratives
	19.5.1 Pre-Service Science Teacher Education Context
	19.5.2 Field of Experience as a Construct for the Analysis of Science and Language Experience Narratives
	19.5.3 Strategies for the Representation and Analysis of Data
	19.5.4 Relevance of Science and Language Experiences Reconstructed Within SN and LN
	19.5.5 The School as the Most Relevant Context for Both Science and Language Experiences
	19.5.6 The Personal Context of Science and Language Experiences
	19.5.7 The Community as a Privileged Context for Language Experiences

	19.6 Conclusion
	Acknowledgements
	References

	20 Examining Teachers’ Shifting Epistemic Orientations in Improving Students’ Scientific Literacy Through Adoption of the Science Writing Heuristic Approach
	20.1 Literacy in Science Education
	20.2 The SWH Approach and the Role of Language
	20.3 Structure and Focus of an SWH Professional Development (PD) Program
	20.4 Impact of the SWH PD on Teachers
	20.4.1 Teacher Change in Epistemic Orientations
	20.4.2 Teacher Change in Pedagogical Practices and Its Effects on Student Learning

	20.5 Closing Remarks
	20.6 Dedication
	References

	21 Developing Students’ Disciplinary Literacy? The Case of University Physics
	21.1 Introduction
	21.2 Literacy
	21.3 Literacy in the Academy
	21.4 Language Choice in the Academy
	21.5 Multimodality
	21.6 Scientific Literacy
	21.7 Introducing Disciplinary Literacy
	21.8 The Disciplinary Literacy Triangle
	21.9 Knowledge Structures
	21.10 Singulars and Regions
	21.11 Disciplinary Literacy: A Summary
	21.12 Using Disciplinary Literacy: An Empirical Study in University Physics
	21.12.1 Data
	21.12.2 Methodology
	21.12.3 Findings

	21.13 Disciplinary Literacy Across Disciplines
	21.14 Conclusions
	Appendix A
	References


	7 Commentary
	22 Commentary on the Expanding Development of Literacy Research in Science Education
	22.1 Introduction
	22.2 Landscape of Language, Literacy, and Science Education
	22.3 Summary and Critique of the Contributions
	22.3.1 Part 1: Curriculum Issues
	22.3.2 Part 2: Content and Language Integrated Learning
	22.3.3 Part 3: Classroom Literacy Practices
	22.3.4 Part 4: Disciplinary Literacy Challenges
	22.3.5 Part 5: Disciplinary Literacy and Science Inquiry
	22.3.6 Part 6: Teacher Development

	22.4 Closing Remarks
	22.4.1 Science Literacy
	22.4.2 Explicit Views of Science Learning
	22.4.3 Science Education Policy and Curricula
	22.4.4 Theory-Practice Gap in Science Literacy
	22.4.5 Teacher Education and Professional Learning
	22.4.6 Building More Compelling Research Claims

	References


	Index



