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    Chapter 1   
 Introduction: Science Teacher Preparation 
in Language and Content                     

     Alandeom     W.     Oliveira      and     Molly H.     Weinburgh    

         Background Issues and Rationale 

 In the US and around the world, educational reform documents are calling for 
increased communication skills in science for all students (NRC  2012 ) as class-
rooms experience growing numbers of second language learners (Camarota  2007 ; 
U.S. Census  2010 ). The population of English language learners in US public 
schools has nearly doubled in just one decade between 1994 and 2004 (Peregoy and 
Boyle  2013 ). Further, the well documented achievement gap that exists between 
English language learners and non-English language learners across all content 
areas (August et al.  2011 ; Echevarria et al.  2011 ) makes it clear that more needs to 
be done to meet the educational needs of English learning students in content-area 
classes. Therefore, it is necessary for science teacher educators who work with pre- 
service and in-service teachers to know more about how to meet the needs of second 
language learners. 

 Many K-12 teachers face the task of helping students develop content knowledge 
while acquiring language skills (Bunch  2013 ). To address the issue, pedagogical 
models of content-based language instruction have become the focus of much edu-
cational research. Centered on metaphorical notions such as “sheltering” (Fritzen 
 2011 ) and “accommodation” (Glass and Oliveira  2014 ), these pedagogical models 
emphasize the need for science teachers to be able to make their classrooms safer 
and more inclusive by providing non-native speakers with comprehensible input 
(i.e., understandable information) while ensuring accessibility to rigorous academic 
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content (as opposed to a “watered-down” curriculum that could disadvantage speak-
ers of other languages). Despite these recent advances in pedagogical methodology, 
more research is needed to determine how teachers of subject matters like science 
can be effectively prepared to accomplish content-language integration (Bunch 
 2013 ; Lee et al.  2013 ). Teacher educators need professional training models that can 
help science instructors develop an improved awareness and more sophisticated 
understanding of why language matters to science instruction. 

 To date, there appears to be a lack of professional development models that can 
help practitioners and researchers build professional communities in which practice 
is co-created to improve science instruction for second language learners. One inter-
esting example is the  teacher collaboration and co-teaching model  (Honigsfeld and 
Dove  2010 ) wherein language specialists and content-area teachers receive training 
on how to effectively combine their expertise and maximize their ability to collec-
tively meet the needs of second language learners. However, this model is generalist 
as it is not tailored specifi cally to science teachers. Teacher educators and research-
ers of science education still need a venue to share professional development strate-
gies and teacher training models that are working. 

 As members of the Association for Science Teacher Education (ASTE), we rec-
ognized the need for members and non-members to share models of professional 
development that included strong science and language components. Therefore, the 
chapters in this book serve to fulfi ll several goals: to provide literature beyond meth-
ods books; to extend the research on multilingualism; and provide evidence of 
language- focused science standards being implemented. 

    Terminology 

 One particularly challenging aspect of writing this book was with regard to the ter-
minology used to identify the target student population with whom science teachers 
were being prepared to work. Our options were somewhat constrained by the fact 
that this book is being published in English by the Association for Science Teacher 
Education (ASTE), which has an English-speaking membership that is predomi-
nately based in the US. As such, our main focus was on how to prepare science 
teachers to effectively work at the intersection of science content and English lan-
guage acquisition. Although English is privileged in this book, we acknowledge that 
the issue of effectively preparing science teachers to overcome language obstacles 
to content learning is of worldwide interest, and reaches far beyond the English- 
speaking world. Therefore, we felt the need to emphasize our recognition that 
English is not the only language that students must learn in order to also learn sci-
ence, that careful consideration must also be given to a multitude of other languages 
(often simultaneously to English). 

 We purposely did not use English language learner (ELL), English learner (EL), 
limited English profi cient (LEP), Non-Native Speaker (NNS) or L2 Speaker in the 
title. Part of the reason is that there is little agreement as to what name best describes 
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these students. Each designation has different connotations and problems, with dif-
ferent terms being favored by researchers within distinct research traditions depend-
ing upon one’s philosophical commitment, sociopolitical orientation, and unique 
focus (e.g., English as a Foreign Language rather than English as a Second 
Language). We recognize that by selecting ‘second language acquisition’ for the 
title we utilized a label that may cause reservation and discomfort to some readers. 
We acknowledge that the students who will be taught science bring a rich heritage 
of culture and language. They simply do not speak the language of the school in 
which they fi nd themselves. At the very least, the students are learning a second 
language and are emerging bilinguals (Garcia et al.  2008 ). Many of the students are, 
in fact, already bilingual or multilingual.  

    Literature Gap 

 The present book attends to an important gap in the science teacher education 
literature. The current literature available to science educators is limited to 
teaching methods books that provide classroom practitioners with a variety of 
pedagogical strategies that integrate science and language and introduce teach-
ers to longstanding pedagogical models of content-based instruction such as 
SIOP (Sheltered Instruction Observation Protocol) (Echevarria et al.  2003 ) and 
SDAIE (Specially Designed Academic Instruction in English) (Cline and 
Nicochea  2003 ). For instance, NSTA Press recently released  Science for English 
Language Learners: K-12 Classroom Strategies  (Fathman and Crowther  2006 ); 
and  Teaching Science to English Language Learners: Building on Students’ 
Strengths  (Rosebery and Warren  2008 ) – both written for an audience of science 
educators. Similar books have also been published by Heimen such as  English 
Learners and the Secret Language of School: Unlocking the Mysteries of 
Content-Area Texts  (Pilgreen  2010 ),  Academic Language for English Language 
Learners and Struggling Readers: How to Help Students Succeed across Content 
Areas  (Freeman and Freeman  2009 ) and  The New Science Literacy: Using 
Language Skills to Help Students Learn Science  (Their  2002 ) targeted mainly at 
language/literacy educators. However, to the best of our knowledge, there is 
currently no publication written specifi cally for an audience of science teacher 
educators. This is particularly problematic given the recent advent of more 
sophisticated and content-specifi c pedagogical models such as the 5R 
Instructional Model (Silva et al.  2013 ; Weinburgh et al.  2012 ). Designed specifi -
cally for teaching science, the 5R provides teachers with a more fl exible and 
refl ective approach to language-science integration without reducing science 
instruction to a linear and fi xed sequence of steps or phases that are mechani-
cally followed. A book with professional development models such as the 5R 
that could help teacher educators effectively prepare school teachers to teach 
science to language learners and support second language learners through sci-
ence was yet to be published.  

1 Introduction: Science Teacher Preparation in Language and Content
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    Research on Multilingualism 

 This book is also aimed at addressing the dearth of research on multilingualism that 
currently exists in the science education literature. Despite growing interest on 
language- related issues among science educators (e.g., argumentation, questioning, 
writing, reading, cooperative discussions), surprisingly little research has been con-
ducted on how to effectively prepare teachers to meet the linguistic demands of 
science teaching. This shortcoming is particularly problematic given the primacy of 
the conceptual dimensions of science education. Science teaching is a profession 
typically linked to the overcoming of science misconceptions and progression 
toward science experts’ conceptions. Because language issues are often overlooked 
in science preparation, many science teachers encounter diffi culty when dealing 
with classroom situations involving language such as supporting second language 
learners and incorporating language-focused pedagogy into their teaching practices 
(Luft  2002 ). In fact, only four states currently require that content area teachers 
complete coursework in teaching second language learners (NCATE  2007 ). As a 
result, many teachers fall short of recognizing the importance of language as a criti-
cal mediating tool to science teaching and learning and even develop negative atti-
tudes toward the integration of language with science – as documented in the article: 
“I am a Science Teacher, not a Reading Teacher: An Unfortunate Categorization” 
(Rush  2002 ). These issues underscore the need to problematize language in the 
specifi c context of science teacher professional development. As emphasized by 
scholars of classroom discourse, teachers need to develop  metalinguistic awareness  
(Andrews  2010 ) – explicit knowledge of the underlying systems of language that 
enables teachers to teach effectively;  rhetorical consciousness  (Swales  1990 ) – an 
awareness of the rhetorical functions of language; and,  pragmatic awareness  
(Oliveira et al.  2007 ) – an understanding of the multifunctionality of science class-
room discourse.  

    Language-Focused Standards 

 The present book is also aligned with the advent of more rigorous, language-focused 
set of educational standards. This is particularly evident in the 2012  English 
Language Profi ciency Development (ELPD) Framework , a document that identifi es 
the language demands of the Common Core State Standards and the Next Generation 
Science Standards as well as a pedagogical shift in which a shared responsibility for 
English language development must exist between ESL and content-area teachers. 
The ELPD Framework (Council of Chief State Schools  2012 ) states:

  At present, second language development is often seen as the primary responsibility of the 
ESOL teacher, while content development (particularly in grades 6–12) as that of the sub-
ject area teacher. Given the diverse range of program design and explicitness [in the new 
standards] regarding how language must be used to enact disciplinary knowledge and skills, 
such a division of labor is no longer viable (p. 3). 

A.W. Oliveira and M.H. Weinburgh
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 This framework also identifi es a new direction in science education; one in which 
language and content will need to be taught to second language learners in a deeply 
integrated manner, and one in which all teachers bear the responsibility of develop-
ing all students’ academic language related to their discipline. Science teachers need 
to be able to recognize and target the key language and literacy practices inherent in 
their discipline – such as explaining and arguing with evidence – to enhance the 
engagement of second language learners with science content. Helping science 
teacher educators accomplish such a complex and challenging endeavor is our main 
hope for the present book. 

 The primary purpose of this book is to provide science teacher educators with 
exemplars of professional development programs designed to prepare school teach-
ers to effectively help language learners in science classrooms simultaneously gain 
language profi ciency and conceptual understanding. It is envisioned that this book 
will serve as a valuable resource for science teacher educators seeking to identify 
language-focused professional development activities that can be used to introduce 
science teachers to content-based approaches to second language instruction such as 
“sheltered science” as well as pedagogy that can be used to ensure accessibility and 
comprehensibility of science content to students with limited profi ciency in the lan-
guage of instruction such as translanguaging (Wei and Garcia  2013 ) and academic 
conversations (Wright  2014 ). Lastly, it is expected that the book can help support 
collaboration between science and language educators by increasing their familiar-
ity of specialized terminology across the two scholarly fi elds. Together, the chapters 
will assist readers develop a stronger grasp of jargon commonly utilized by experts 
in language education (e.g., realia, model, wordwall, and Frayer Model) as well as 
in science education (e.g., inquiry, argumentation, scientifi c modeling, and nature of 
science). This interdisciplinary focus can help educators who read the book to be in 
a better position to collaborate more effectively across the two content areas. As an 
initial step, attention is now given to what we perceive as a major obstacle to effec-
tive science teacher preparation in content-based second language acquisition, 
namely the content-language divide that permeates many teacher education 
programs.   

    The Content-Language Divide 

 Traditionally, student conceptual development and language acquisition have been 
addressed separately in teacher preparation programs. On the one side, science 
teacher educators have given primacy to conceptualization by focusing their profes-
sional development efforts mainly on issues related to student cognitive development 
such as informing teachers about misconceptions or alternative conceptions that stu-
dents commonly bring with them to the science classroom, providing instructors 
with pedagogical approaches and strategies to effectively improve students’ science 
conceptions, and increasing teacher awareness of the developmental pathways fol-
lowed by students in the course of acquiring more sophisticated science conceptual 
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understandings in science (i.e., their science learning progression). On the other side, 
language educators have sought to help teachers better understand how students 
learn language, how to improve students’ communicative competence (i.e., their 
knowledge of what constitutes contextually successful and culturally appropriate 
language use), and how to effectively engender learning outcomes such as mastery of 
vocabulary and grammar, ability to felicitously perform speech acts (e.g., asking 
questions, giving directives, disagreeing, etc.), and academic literacy. 

 This divide between language and content is particularly apparent in current edu-
cational research and policy. A good example is the parallel advent of science learn-
ing progressions and language progressions in distinct educational circles. In recent 
years, there has been an increased interest in learning progressions in the fi eld of 
science education. Learning progressions map out student conceptual development 
across time (grade-levels). More specifi cally, students are viewed as progressing 
along a developmental continuum or pathway toward scientifi c understanding as 
they achieve higher (more sophisticated) levels of understanding of a big idea in 
science. The pathway of conceptual development is typically composed of a series 
of levels (often six) ranging from naïve knowledge to incomplete or disconnected 
mastery of isolated ideas, and ultimately sophisticated scientifi c understanding of 
complex conceptual connections. Learning progressions have recently been devel-
oped for a number of big ideas in science, including Earth’s seasons (Plummer and 
Maynard  2014 ), genetics (Shea and Duncan  2013 ), water in environmental systems 
(Gunckel et al.  2012 ), and the particular nature of matter (Smith et al.  2006 ). Across 
these progressions, epistemic sophistication overshadows linguistic skill, with little 
attention given to how students’ conceptions relate to their ability to verbally encode 
ideas in a particular language. 

 At the same time, language educators have witnessed the introduction of lan-
guage progressions by educational policies both nationally and internationally 
(Council of Europe  2011 ; Interagency Language Roundtable  2011 ; WIDA  2012 ). 
Language progressions map out nonnative speakers’ trajectories of linguistic devel-
opment. Additional language acquisition is conceived as a progression across a 
series of levels of increasing communicative ability or profi ciency. Higher profi -
ciency levels are characterized in terms of student acquisition of a specifi c set recep-
tive skills (listening and reading abilities) and productive skills (speaking and 
writing abilities). For instance, New York State recently adopted the  New Language 
Arts Progressions , a learning trajectory that organizes student acquisition of a for-
eign language in terms of a sequence of fi ve levels of profi ciency, namely Entering, 
Emerging, Transitioning, Expanding, and Commanding (NYSED  2012a ,  b ). Based 
on recent research on second language learners and the Framework for English 
Language Profi ciency (Council of Chief State Schools  2012 ), each level identifi es a 
distinct developmental stage in students’ acquisition of a new language (other than 
the one spoken at home). Across these progressions, linguistic skill overshadows 
epistemology, with little attention given to how student fl uency may relate to their 
knowledge of the topics under discussion. 

 The content-language divide in the above literature is readily apparent. Having 
separate progressions for language and content not only makes systematically track-
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ing student development more diffi cult but it is also inconsistent with the holistic 
nature of student development. Using unidimensional roadmaps to track student 
progress along bi-dimensional trajectories seems ineffective and counterintuitive, 
particularly in classrooms that favor content-based pedagogical approaches to sec-
ond language acquisition. In such settings, progression toward scientifi c under-
standing is expected to parallel progression toward fl uency in an additional language. 
So, rather than being detached and unrelated, conceptual and linguistic develop-
ment are closely interrelated and mutually infl uential. Yet, theoretical consideration 
of student progression along both conceptual and linguistic developmental path-
ways remains to be given, an issue that we tackle next.  

    Theorizing the Issue 

 Overcoming the content-language divide requires theoretical sophistication and 
clarity with regard to the role of language in cognition. Teacher preparation efforts 
need to be informed by theoretical models with clear and explicit articulation of 
how conceptions are mapped onto linguistic forms (i.e., the verbal encoding of sci-
ence concepts), the cognitive foundation that underlies acquisition of a new lan-
guage, and the pedagogical scaffolding of student development (conceptual and 
linguistic). Recent theoretical and empirical work in various fi elds of scholarship 
can provide helpful and novel insights in this regard. 

 Cognitive aspects of language have been the object of a considerable body of 
work in the fi eld of cognitive linguistics. A common theme in this literature is the 
potential of language to bias and even transform thinking (Bowerman and Levinson 
 2001 ). Foreshadowed by Whorf’s ( 1956 ) seminal work on language and thought, 
evidence is provided that linguistic forms (words and grammatical structures) 
provide us with a framework of understanding that predispose us to see things in 
particular ways. More specifi cally, recent studies have shown that a persons’s way 
of speaking infl uences his or her ways of conceptualizing and perceiving natural 
phenomena such as time (Boroditsky  2001 ; Gentner et al.  2002 ; McGlone and 
Harding  1998 ). 

 For instance, English speakers tend to think of time horizontally (unfolding from 
left to right), whereas Mandarin Chinese conceive of it in terms of vertical spatial 
relations (up/down), and members of the Hopi tribe conceive of time duration in 
terms of ciclycity (successive recurrences of events). Such differences can be the 
source of added cognitive load for speakers who set out to learn a new language. 
Similar points have been made by scholars of education such as Sutton ( 1992 ) who 
argues that “[science] words in a sense are theories” (p. 11) and Pimm ( 1987 ) who 
emphasizes the important epistemic role of metaphoric terms in enabling the 
 extrapolation of ideas and expansion of disciplinary knowledge in fi elds such as 
mathematics. Language plays a central role in the shaping of human perception and 
creation of collective vision (i.e., socially organized ways of seeing the natural 
world). As such, language constitutes an important epistemic tool whose infl uence 
on disciplinary knowledge-building is undeniable. 

1 Introduction: Science Teacher Preparation in Language and Content
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 A potentially useful way of theorizing the content-language relationship is pro-
vided by Gentner and Boroditsky ( 2001 ) who conceives of language acquisition as 
learning to perform nominal reference (i.e., refer to objects, processes, or entities by 
pointing and naming them). A central premise of this perspective is that second 
language learners need to have a clear concept of what the referent is (i.e., clearly 
understand the nature of the entity or phenomenon being referred to) in order to be 
able to accurately pinpoint and name it in the local context wherein their physical 
experiences take place. Language learning entails emergent mastery of both  lexical-
ization  (particular ways of verbalizing physical experiences) and  conceptualization  
(particular ways of understanding physical experience). As shown on Fig.  1.1 , this 
process can be visualized in terms of three parallel streams: experiential, linguistic, 
and cognitive. Lexicalization and conceptualization are parallel and mutually infl u-
ential processes. Language learners learn to lexicalize as they learn to conceptualize 
the world in new ways.

   Linguistic aspects of cognition have been examined in the fi eld of sociology of 
education where evidence abounds that students have diffi culty grasping grammati-
cally encoded scientifi c knowledge when reading written science texts (Maton 
 2013a ). Student comprehension science texts is often made diffi cult due to the pre-
dominance of a complex discursive style characterized by high semantic density or 
degree of meaning condensation (high number of content words per sentence) and 
low semantic gravity or degree of meaning dependence on context (predominance 
of context-independent generalizations). Decoding and interpreting such complicated 
texts usually requires downward semantic shifts (re-articulation into less abstract 
and more contextualized meanings) through pedagogical scaffolds such as literature 
circles, collaborative concept mapping and other classroom activities involving 

  Fig. 1.1    Lexicalization and conceptualization of physical experience       
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 transmediation  (Short  2004 ), that is, transfer of meanings across representational 
systems. Further, educators can more effectively promote cumulative knowledge-
building, Maton ( 2013b ) argues, by systematically tracking the extent to which stu-
dent language performance (oral or written) fl uctuates between abstract ideas (e.g., 
general scientifi c principles behind experiments) and concrete notions (e.g., specifi c 
procedural details of experiments). To build knowledge, students need to learn to 
encode their thoughts into abstract and generalized linguistic forms. 

 There is also increasing recognition among scholars that classroom language is a 
complex system that is both dynamic and nonlinear. As emphasized by Larsen- 
Freeman ( 1997 ), “language grows and organizes itself from the bottom up in an 
organic way, as do other complex nonlinear systems” (p.148). So, rather than assum-
ing a direct causality (univariate cause-effect link), it is more productive to conceive 
of language and content as a contextually-dependent outcome inevitably character-
ized by a certain degree of indeterminacy, uncertainty and unpredictability. 

 Emphasized in the above literature is the dialogic and nonlinear manner whereby 
language and thought are interrelated. Although our ways of speaking can infl uence 
and bias our ways of conceptualizing perceptual experience and vice-versa, one does 
not determine the other. Therefore, it seems unwarranted and simplistic to presume 
the existence of a deterministic relationship between language and thought (e.g., 
treating language as a prerequisite for content learning) as language is not simply a 
determinant of or precursor to conceptual thinking ability. Instead, it is more produc-
tive to theorize language and content as sharing a dialogic, mutually infl uential rela-
tionship. Recognition of the complex and highly fl uid nature of this relationship is 
essential to the success of professional development efforts aimed at preparing sci-
ence teachers to effectively promote content-based second language acquisition.  

    Book Format and Organization 

 This book examines seventeen science teacher preparation programs that span a 
wide variety of grade levels (elementary, middle, and secondary), countries (Italy, 
Luxemburg, Spain, UK, and US), and linguistic contexts (English as a Second 
Language, English as a Foreign Language, trilingual classrooms, and teaching deaf 
children science through sign language). The book is divided into three main parts. 
Each part consists of chapters that illustrate a common, cross-cutting theme in 
science teacher preparation in content-based second language acquisition, namely 
pre- service teacher preparation, in-service teacher preparation, and international 
perspectives. Each part provides many insights on the similarities and differences 
in the professional development approaches used to prepare science teachers with 
varied amounts of instructional experience to help students in different parts of 
the world overcome linguistic barriers while simultaneously learning concepts 
central to science. 

 Chapters in Part I of the book focus on a set of US-based programs designed to pre-
pare pre-service teachers to effectively help immigrant students whose fi rst language is 
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not English learn science in an additional language. Throughout these programs, pre-
service teachers are provided with foundational knowledge and skills needed to seam-
lessly integrate science and language instruction (for a comparative overview of the 
chapters, see Table  1.1 ). Novices to the teaching profession gain expertise in making 
mainstream science instruction accessible to second language learners by learning to 
design and implement sheltered lessons that are supportive, yet academically rigorous. 
Three of the chapters deal specifi cally with pre-service elementary teachers.  Bravo  
describes how two courses – in second language acquisition and science teaching meth-
ods – were systematically redesigned with a common focus on content-language inte-
gration to ensure coherence and convergence across coursework aimed at preparing 
preservice teachers to effectively work with ELs in elementary science.  de Oliveira  
introduces pre-service teachers to LACI (Language-based Approach to Content 
Instruction) – a pedagogical framework or model designed to guide preservice teachers 
on how to effectively use texts to support second language learners’ mastery of science 
content. And,  Hernández  describes a school-based program in which pre-service teach-
ers are offered workshops at a bilingual elementary classroom where they observe fi rst-
hand the practices of an experienced teacher and refl ect about content-language 
integration in an authentic setting.

   Two other chapters examine pre-service teacher preparation at the high-school 
level. In an attempt to overcome disciplinary compartmentalization and fragmenta-
tion,  Roberts, Bianchini, and Lee  resort to a capstone course designed specifi cally 
for the purpose of coherently bridging language and content, and fostering in sci-
ence teachers an adaptive disposition to support second language learners (as 
opposed to simply providing them with a set of pedagogical “tricks and tools”). 
 Stoddart, Solis, Tolbert, and Lyon  share a similar concern for ensuring coherence 
across courses and fi eld experiences aimed at preparing preservice teachers to work 
with second language learners in secondary science. Their efforts take the form of a 
practice-based model wherein pre-service teachers systematically experience, 
deconstruct, and then attempt to approximate content-language integration practices 
through sustained engagement with videos, cases, and feedback from coaches. 

 The remaining two chapters focus on programs targeting wider pre-service 
teacher audiences that span the entire K-12 grade-level range.  Viesca, Mahon, 
Carson, et al.  take an online approach to science teacher professional development. 
More specifi cally, K-12 teachers are supported by means of a series online modules 
designed to foster expertise in linguistically responsive science teaching. And, 
 Smetana & Heineke  take a fi eld-based approach to pre-service science teacher 
preparation for culturally and linguistically diverse classrooms. Through a 4-year 
B.S.Ed. program implemented mainly in authentic settings such as schools and 
museums, teachers are introduced to culturally responsive, language rich teaching 
practices and are encouraged to develop an asset-based mindset for ELs (focused on 
their strengths rather than defi cits). 

 In Part II, attention then shifts to in-service teacher education. Also comprised of 
a total of seven chapters, this second part examines US-based professional develop-
ment programs aimed at improving practicing science teachers’ abilities to work 
with second language learners and promote content-based second language acquisi-
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   Table 1.1    Overview of chapters in Part I pre-service teacher preparation   

 Chapter  Authors 
 Preparation model & 
activities  Aims & principles 

 2  Bravo  Two teacher education 
courses (language 
acquisition and science 
methods); 

 Integrated approach to preparing 
teachers (avoidance of disciplinary 
silos and encapsulated approach); 
 Cultivating knowledge of how 
synergistically teach  elementary  
science & language; 

 Meta-pedagogical 
discussions about areas of 
convergence and synergy 
between science & language 
(coherence & integration). 

 Boosting teacher self-effi cacy to 
simultaneously scaffold conceptual 
development and vocabulary 
development; 
 Conceiving of words as concepts, and 
science processes as productive/
receptive language. 

 3  de Oliveira  Provision of examples of 
language-based 
 elementary  science 
instruction; 

 Teaching content through language, 
not language through content; 
 Helping teachers “see” key linguistic 
features of science texts; 

 Provision of templates for 
lesson planning; 

 Helping teachers make informed text 
selections; 

 Provided of framework for 
classroom implementation 
(questions and prompts to 
identify linguistic topics, 
strategies, etc.) 

 EL access to content is through 
mastery of discipline-specifi c 
discourse (not simplifi cation of 
content); 
 “Six C’s of support” principle: 
Connection, Code-breaking, Culture, 
Challenge, Classroom interactions, & 
Community and Collaboration. 

 4  Hernández  School workshop in a 
bilingual classroom; 

 School-based approach to preservice 
teacher preparation; 
 Emphasizes promotion of bilingualism 
through integration of language and 
 elementary  science; 

 Modeling of content- 
language integration 
practices; 

 Uses Guided Language Acquisition 
Design (GLAD); 

 Classroom observations, 
daily refl ections, and 
guided pedagogical 
discussions. 

 Combines collaborative science 
inquiry (small student groups) with 
comprehensible input; 
 Visual support of learners (posters, 
charts, cards, etc.). 

(continued)
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Table 1.1 (continued)

 Chapter  Authors 
 Preparation model & 
activities  Aims & principles 

 5  Roberts, 
Bianchini, & 
Lee 

 Capstone methods course 
bridging  secondary  
science and language 
acquisition; 

 Developing adaptive disposition 
(beyond pedagogical “tricks & tools”); 
 Appreciating ELs’ diversity and need 
for differentiation; 

 Emphasis on trying out and 
scaffolded refl ection; 

 Seeing scientifi c language as 
sense-making (not just vocabulary); 

 Investigating teaching and 
learning (videos and 
observations). 

 Building on EL’s funds of knowledge 
through cognitively demanding, 
language-rich tasks; 
 Engaging ELs in the disciplinary 
language of science. 

 6  Stoddart, 
Solis, 
Tolbert, & 
Lyon 

  Secondary  methods course 
and practicum; 

 Preparing teachers to implement 
NGSS and CCSS; 
 Training teachers to foster 
contextualized and authentic use of 
language in science through systematic 
content-language integration; 

 Modeling of content- 
language integration 
practices; 

 Analysis of videos and 
cases (noticing ability); 

 Encourage science teachers to become 
refl ective practitioners and to see 
themselves as “language planners”; 
 Practice-based model of teacher 
education wherein content-language 
integration is experienced, 
deconstructed, and then approximated; 

 Approximation assignments 
(implementation of 
content-language integration 
practices). 

 Four practices: scientifi c sense- 
making, scientifi c discourse, language 
development, and contextualized 
instruction. 

 Intensive feedback, 
coaching, and support. 

 7  Viesca, 
Mahon, 
Carson, et al. 

 Online modules that 
support science-language 
integration; 

 Preparing  K-12  teachers for NGSS and 
WIDA; 
 Helping teachers create opportunity for 
language acquisition in science;  Teachers are guided by 

“essential questions”;  Fostering linguistically responsive 
science teaching; 

 Teachers Explore, Make it 
Work, and Share; 

 Asset-based approach (building on the 
strengths of teachers and students); 

 Collaborative 
Communities. 

 Classrooms as sites of intentional 
investigation. 

(continued)
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tion. Throughout these chapters, emphasis is placed on encouraging school teachers 
to recognize the essential role that language plays in science instruction and to 
improve their knowledge of language concepts, language pedagogies, and multilin-
gualism (see Table  1.2  for a comparative overview). The fi rst three chapters deal 
specifi cally with the professional development of teachers in the lower-grade levels 
(elementary and middle school).  Gomez-Zwiep & Straits  take an “inquiry/
language- development” blended approach wherein elementary teachers receive sus-
tained training in science-language integration by means of summer institutes and 
school-year lesson studies offered as part of a 3-year professional development pro-
gram.  McDonald, Miller, Lord, & Cook  describe a 2-day professional develop-
ment effort wherein elementary and middle school teachers are provided with 
curricular support materials (posters, scaffolds, etc.) and training on how to effec-
tively facilitate classroom discussions that are inclusive of ELs as sense-makers. 
Emphasis is also placed on encouraging teachers to conceive of ELs in more pro-
ductive ways (in terms of assets they bring to the classroom).  O’Hara, Pritchard, 
Pitta, Newton, Do, & Sullivan  describe a capacity-building program wherein 
middle- school teachers and administrators are jointly offered workshops on 
 science- language integration and form school-based design teams that plan, 
implement, and assess contextually informed interventions in support of emergent 
bilinguals’ science learning.

   The next two chapters examine various aspects of the  Language-rich Inquiry 
Science with English language learners through Biotechnology  (LISELL-B), a 
teacher preparation program for secondary and middle school teachers. In addition to 
discussing the iterative design-based approach behind LISELL,  Buxton, Allexsaht-
Snider, Rodriguez, Aghasaleh, Gaibisso, & Kirmaci  describe how participating 

Table 1.1 (continued)

 Chapter  Authors 
 Preparation model & 
activities  Aims & principles 

 8  Smetana & 
Heineke 

 Four-year program 
(B.S.Ed.). 

 Field-based apprenticeship model (not 
in university classrooms); 

 Phases: Exploration, 
concentration, and 
specialization; 

 Contextualized/embedded approach 
centered on schools and community 
spaces; 
 Aimed at preparing  K-12  teachers to 
positively infl uence students; 

 Introduction to culturally 
responsive pedagogy 
(WIDA) and inquiry-based 
teaching (interdisciplinary, 
language-rich); 

 Strong emphasis on community 
partnerships; 

 “Science talks” with 
students, museum visits, 
and collaboration 

 Fosters asset-based mindsets for ELs, 
awareness of policy enactment by 
educators, and expertise on language- 
intensive practices; 
 Sociocultural perspective on teacher 
training as authentic participation in 
cultural activities. 
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   Table 1.2    Overview of chapters in Part II in-service teacher preparation   

 Chapter  Authors  Preparation model & activities  Aims & principles 

 9  Gomez-
Zwiep & 
Straits 

 Three-year program (summer 
institute and school-year 
lesson studies); 

 Inquiry-based approach; 
 Inquiry as context for authentic 
language use (peer collaboration); 

 Collaborative development 
and implementation of 
inquiry/ELD blended lessons; 

 Sessions on science content, science 
pedagogy, and second language 
acquisition (increasing integration 
over the years); 

 Provide  elementary  teachers 
with lesson plan templates (5E 
lessons). 

 Preparing teachers to merge science 
and language instruction; 
 Model lessons to teachers. 
 Develop teachers’ abilities to 
differentiate instruction to different 
levels of student language 
profi ciency (i.e., make language 
accommodations). 

 10  McDonald, 
Miller, Lord, 
& Cook 

 Provision of curricular support 
materials: posters and 
examples of productive 
discourse patterns (Teacher 
and Student Moves); 

 Changing interaction from IRE to 
sense-making; 
 Teacher appropriation of facilitation 
tools – moves to scaffold deeper 
reasoning and create 
meaning-making; 

 Guidance on NGSS;  Focus on ELs’ assets (strengths and 
capacities); 

 Creation and adaptation of 
classroom activities and units. 

 Seeing ELs as sense-makers, 
questioners, and thinkers; 
 Replacing  elementary  and  middle  
school teachers’ atomistic views of 
language (accumulation of 
vocabulary) with an experiential 
language perspective. 

 11  O’Hara, 
Pritchard, 
Pitta, 
Newton, Do 
& Sullivan 

 Provides video examples of 
instructional practices; 

 Capacity-building approach centered 
on the formation of leadership teams 
and mentorship; 

 Provides guiding framework;  Aimed at strengthening the STEM 
learning “ecosystem” of  middle  
schools; 

 Creates a network website;  Professional learning communities 
that inquire about instructional 
practices integrating science and 
language; 

 Facilitates workshops; 
 School-based design teams. 

(continued)
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 12  Buxton, 
Allexsaht- 
Snider, 
Rodriguez, 
Aghasaleh, 
Gaibisso, & 
Kirmaci 

 Summer Institute ( middle  and 
 secondary  teachers) and 
Summer Academy (students); 

 Focused on designing language- rich 
science inquiry lessons; 
 Making teachers aware of the 
“language of NGSS”; 

 Teachers develop language- 
rich investigations for student 
academy; 

 Students need to acquire mastery 
over the language of scientifi c 
investigations (e.g., verbalizing 
hypothesis, observations, claims, 
explanations, etc.) in order to 
participate in inquiry activities; 

 “Grand rounds” (classroom 
observation and online 
logging); 

 Language development can be 
scaffolded through various curricular 
support materials (concept cards, lab 
role cards, general academic 
vocabulary cards, and language 
frames); 

 Bilingual family workshops; 
 Teacher workshops for 
exploring students’ writing. 

 Promotes translanguaging 
(English + home language). 

 13  Dominguez 
& 
Allexsaht-
Snider 

 Summer Institute ( middle  and 
 secondary  teachers) and 
Summer Academy (students); 

 Teachers as architects of learning 
environments conducive to emergent 
bilingualism; 
 Language as important expressive 
component of learning environment; 

 Teachers develop language-rich 
investigations for student 
academy, and receive Spanish 
lessons; 

 Expression (meaningful language 
use and communication) leads to 
domestication of the learning 
environment and territoriality 
(ownership). 

 Student presentations to 
family members, and visits to 
labs. 

 Teachers promote meaningful 
student-space interactions through 
incorporation of familiar cultural 
practices (native language, soccer). 

 14  Hernandez, 
Baker, 
Reyes, & 
Uribe-Flórez 

 One-year preparation 
program; 

 Standards-based professional 
development approach (CCSS, 
NGSS, CREDE); 

 Online course work, 
face-to-face professional 
development sessions, 
site-based meetings. 

 Preparing STEM career changers to 
integrate content and language, and 
to implement culturally responsive 
pedagogy (language- rich pedagogy); 

 Mentoring, coaching, 
co-teaching, video-based 
refl ection, meetings with EL 
students, and peer 
collaborations. 

 Science as authentic context for 
language use 
 Teachers design and implement 5E 
lessons with language strategies 
(vocabulary supports, word roots, 
text sets, visual, cues, etc.) 
 Training  secondary  teachers to 
support and meet the needs of 
diverse students. 

Table 1.2 (continued)
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science teachers are made more aware the language of classroom investigations and 
supported when designing and implementing language-rich science inquiry lessons 
aligned with the Next Generation Science Standards.  Dominguez & Allexsaht-
Snider  examine the professional development activities of LISELL (teacher summer 
institutes, bilingual family workshops, student summer academies, etc.) from an 
architectural perspective wherein science teachers as viewed as “architects” being 
prepared to build “spaces” that are conducive to EL science learning. 

 This second part then ends with two chapters that share a particularly strong 
orientation to current educational standards.  Hernandez, Baker, Reyes, & Uribe- 
Flórez  describe their standard-based approach to preparing STEM career chang-
ers to integrate science and language and respond to the needs of diverse learners 
in secondary science. Through a 1-year program that combines online coursework 
with in-person sessions, teachers are encouraged to align their classroom prac-
tices with multiple sets of standards (CCSS, NGSS, and CREDE), simultane-
ously.  Zhang  resorts to a SIOP/SFL model of professional development in an 
effort to prepare K-12 school teachers for science-language integration in align-
ment with the CCSS, NGSS, and Science for All Americans: A Project 2061. 
Aimed at promoting functional science literacy among second language learners, 
teachers enroll in a 2-year TESOL endorsement program with both online and 
face-to-face components. 

 In Part III of the book, the focus shifts to international perspectives on sci-
ence teacher preparation in content-based second language acquisition. The 
four chapters in this last part of the book examine the professional develop-
ment efforts of science teacher educators in different parts of Europe. The 
extremely diverse range of linguistic contexts across these chapters provide a 
glimpse of the many complexities and nuances that varied patterns of language 
distribution across different countries add to science teacher preparation 
endeavors. As emphasized by Mackey ( 1970 ), “a learner who speaks only one 
language at home and the same language in school, even though it may not be 

 15  Zhang  Two-year certifi cation 
program; 

 Aims at prepare K-12 teachers to 
integrate language and science 
literacy; 

 Online courses, face-to-face 
activities, and practicum; 

 Focused on language-based content 
instruction; 
 Combines SIOP with System 
Functional Linguistics (SFL); 

 Collaborative course projects 
on SFL text analysis (online 
vocabprofi ler, nominalization, 
lexical density, theme-rheme). 

 Making texts accessible to English 
learners through games (long word 
detective) and graphic organizers 
(Frayer model, long noun group 
scramble). 

Table 1.2 (continued)
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the language of the community, is in quite a different position from that of a 
learner who uses two languages at home and the same two at school” (p. 415). 
Teaching in such multilingual learning environments requires careful consider-
ation to be given to the unique patterns of home-school-area-nation relations 
that make up the local educational landscape. Toward this end,  Espinet, Valdés, 
Carrillo, Farro, Martínez, López, & Castillón  describe their triadic partner-
ship approach to teacher professional development in the unique, multilingual 
context of Catalonia (Spain). As part of this program, elementary teachers are 
introduced to the Content and Language Integrated Learning (CLIL) approach, 
provided with lesson plan templates, and encouraged to go beyond vocabulary 
learning. Similarly,  Rasulo, De Meo, & De Santo  report a collaborative, 
CLIL-for-Science practicum model of teacher preparation on science and lan-
guage issues in an Italian context.  Wilmes  resorts to inquiry-based workshops 
in an effort to prepare primary teachers to integrate science content and literacy 
in the unique and complex trilingual landscape of Luxembourg. In the last 
chapter in Part III,  Cameron, O’Neill, & Quinn  (UK) seek to prepare science 
teachers to promote English/sign language bilingualism in science classrooms 
with deaf children by offering workshops where teachers are provided BSL 
science glossaries that show how to translate technical terms in science into 
sign language (Table  1.3 ).

   Finally, in the concluding chapter, we provide an epilogue. More specifi cally, we 
articulate the main themes that emerged out of the preceding chapters, summarize 
how they can provide guidance on preparing science teachers in content-based 
 second language acquisition, and draw out implications (both theoretical and practi-
cal) for science teacher education. We then end by identifying areas in need of fur-
ther research and practical consideration.     

   Table 1.3    Overview of chapters in Part III international perspectives   

 Chapter  Authors 
 Preparation model & 
activities  Aims & principles 

 16  Espinet, Valdés, 
Carrillo, Farro, 
Martínez, 
López, & 
Castillón 
(Spain) 

 Scaffolds to integrate 
scientifi c practices 
and discourse 
practices; 

 Content and language integrated learning 
approach (CLIL) to  elementary  science; 

 Template for planning 
lessons that integrate 
science inquiry and 
language learning; 

 Going beyond promotion of vocabulary 
learning, and crossing community 
borders; 
 Identifi cation of learning objectives that 
integrate content and language;  Co-planning, 

co-teaching, and 
collaborative refl ection. 

 Identifi cation of scientifi c and discourse 
practices in lesson planning. 

(continued)
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Table 1.3 (continued)

 Chapter  Authors 
 Preparation model & 
activities  Aims & principles 

 17  Rasulo, De 
Meo, & De 
Santo (Italy) 

 Offers a CLIL-for 
Science methodology 
course and practicum; 

 Content and language integrated learning 
approach (CLIL) to  secondary  science; 

 Workshops and online 
tutorials; 

 Emphasizes collaboration between 
science teachers and language specialists 
in school settings;  Video delivered 

through Moodle; 
 Teachers conduct 
Action research 
projects 
(self-inquiry); 

 Focused 8 Functions of scientifi c English: 
classifying, comparing and contrasting, 
explaining and exemplifying, 
hypothesizing and predicting, questioning, 
sequencing, generalization, marked lexis, 
and paraphrasing. 

 Teachers post lesson 
lessons and receive 
feedback through 
Moodle; 
 Provides observations 
and refl ection tools. 

 18  Wilmes 
(Lu- xembourg) 

 Inquiry-based science 
workshop; 

 Aimed at promoting expertise in 
science-literacy integration; 

 Model science-literacy 
integration; 
 Provides teachers 
strategies to support 
learners (classroom 
investigations; journal 
writing). 

 Training  elementary  teachers to construct 
informal heteroglossic spaces 
(traslanguaging and multilingualism); 

 Provides coaching 
and material support 
to teachers. 

 Scaffolding toward more challenging 
pedagogical modes (from context- 
embedded/cognitively undemanding to 
context-independent/cognitively 
demanding). 

 19  Cameron, 
O’Neill, & 
Quinn (UK) 

 Provides teachers 
with a glossary of 
technical words in 
sign language; 

 Promoting deaf awareness among science 
teachers ( K-12 ); 

 Provides teachers 
with online resources 
(images, videos, and 
texts); 

 Specialized scientifi c terms are translated 
into sign languages to make science 
accessible to deaf students; 

 Workshops for 
teachers (handouts, 
PowerPoint), and 
science festivals. 

 Iconic and visual metaphors in the new 
signs can be students understand science 
concepts. 
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    Chapter 2   
 Cultivating Teacher Knowledge of the Role 
of Language in Science: A Model 
of Elementary Grade Pre-Service Teacher 
Preparation                     

     Marco     A.     Bravo    

         Introduction 

 A perfect storm forms for English Language Learners (ELLs) when the preservice 
teachers that will work with them have signifi cant reservations about their effi cacy 
to teach science  and  do not feel prepared to work effectively with this student popu-
lation. Many teachers feel inadequately prepared to work with ELLs (Durgunoglu 
and Hughes  2010 ; Gándara and Santibañez  2016 ; Téllez and Manthey  2015 ) and 
this has an impact on the educational performance of ELLs (Turkan et al.  2014 ). 

 The challenge elementary teachers face of engaging an increasingly linguisti-
cally diverse population of students in learning about the full array of academic 
disciplines is particularly signifi cant in science, a discipline that few elementary 
teachers are well-prepared to teach. In the 2013 Horizon Research National Survey 
of Science and Mathematics Education, only 39 % of elementary teachers reported 
that they felt well qualifi ed to teach science, as compared to 77 % for mathematics 
and 81 % for language arts/reading (Banilower et al.  2013 ). In the same survey, only 
2 % of teachers had undergraduate degrees in science or science education, and 
47 % reported four semesters or less of college-level science coursework. Given 
these low levels of preparation, it is not surprising that many teachers feel inade-
quately prepared to teach science. This is troubling given that the more competent 
teachers feel, the more successfully they teach, and vice versa. 

 Reform-based approaches, accompanied by standards-based assessments of con-
tent area knowledge, require that deeper content be made accessible and compre-
hensible to all students, and that they be provided with a coherent view of how 
Science Technology Engineering and Mathematics (STEM) disciplines are investi-
gated and applied (Duschl et al.  2007 ). These signifi cant shifts require teachers to 
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build new attitudes, understandings, and knowledge about teaching, learning, and 
content. To foster learning in science and other domains, teachers need to have rich, 
fl exible knowledge. “They must understand the central facts and concepts of the 
discipline, how these ideas are connected, and the processes used to establish new 
knowledge and determine the validity of claims” (Borko  2004 , p. 5). Teachers are 
not able to teach what they do not know. 

 The trends discussed above are of great concern and have led to recommenda-
tions for signifi cant national and state efforts aimed at increasing both teacher quali-
fi cation and quality. Accordingly, the need to support preservice teachers in how to 
successfully address the science and language learning needs has never been greater. 
We cannot achieve educational excellence as a nation until we elevate the impor-
tance of and support teachers in providing ELLs with opportunities to learn deep 
science content and scientifi c ways of thinking while allowing space for them to 
sharpen their language skills. 

 This chapter explains a model for preparing preservice teachers to teach science 
and language in a synergistic manner. Two teacher education courses were revamped 
to take advantage of the ‘curricular sweet spots’ between the  Foundations in First 
and Second Language Acquisition  and  Elementary Science Methods  courses. The 
 Foundations in First and Second Language Acquisition  course used science content 
as the backdrop to consider English language development opportunities as well as 
unpacking approaches to scaffold the science learning of ELLs. In the  Elementary 
Science Methods  course, similarly language was used as a backdrop to explain how 
language plays a critical role in accessing and understanding science.  

    Cross-Curricular Integration and Coherence 

 In traditional teacher preparation models, language and science are segregated cur-
ricular enterprises. Coursework typically follows a sequence much like in Fig.  2.1  
presented below.

   In the model above, courses labeled as  Foundations  and those considered 
 Methods  often exist in silos. The science faculty address issues of science knowl-
edge and processes while language educators typically focus on foundational theo-
ries and practices for acquiring a fi rst and/or second language. The course content 
rarely seeps over to the other. The absence of cross-over is also felt in the  Clinical 
Experience  practicum where preservice teachers sharpen their pedagogy. Coherence 
between what happens in methods/foundations courses and fi eld experiences does 
not always overlap.  
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    Integrated and Coherent Model of Teacher Preparation 

 To reconsider the traditional teacher preparation model, faculty teaching in the 
teacher preparation program where I work considered the benefi ts to integration of 
coursework and coherence between the clinical experience and university course 
work. The model that we developed, capitalized on the natural convergences among 
these disciplines. Figure  2.2  illustrates the model being tested.

      Science and Language Integration 

 The work began with a close view of how both science and language would be 
served if instead of trying to build teacher knowledge, skills, and dispositions about 
each discipline through an encapsulated approach, we integrated the two. The 
 Foundations in First and Second Language Acquisition  course for example, used 
science as the context in which to support preservice teachers’ understanding of the 
necessary ingredients for optimizing language acquisition–meaningful language 
interactions (Halliday and Matthiessen  2004 ; Krashen  1982 ; Wong-Fillmore 
 2007 )—which could be had in and were a part of science education. Similarly, we 
noted that science learning, particularly for ELLs, is facilitated when the language 
of science is demystifi ed for students (August et al.  2009 ; Lee et al.  2013 ; Stoddart 
et al.  2002 ). Inquiry based science instruction was offered to the pre-service teach-
ers as the meaningful context to acquiring the English language while explicit 
instructional attention to the language of science, including the modes of discus-
sion, writing and reading science, was presented as essential for ELLs to better 
understand the nature of science. 

FOUNDATIONS

1st& 2nd Language Acquisition
Socio-Cultural

Child Development

METHODS

Science
Math

Social Studies
Language Arts

CLINICAL EXPERIENCE

Practicum I, II, II

  Fig. 2.1    Traditional teacher preparation model       
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 The methods instructors also used a common curriculum that integrated science, 
language and literacy as material to exemplify the potential for integration. 
Moreover, both courses included readings about and activities exemplifying the 
natural convergences between science and language, including those listed above 
(see  Appendix 1  for course plan). Delivery of these convergences to preservice 
teachers came in the form of meta-pedagogical discussions. These discussions are 
moments when the methods instructors step out of the role of elementary grade 
teacher and into the role of teacher educator to underscore a practice, detailing the 
theoretical origins, research support, connections to new standards, and how to 
enact a particular practice that illustrate convergence between the disciplines. 

 These natural convergences between language and science include the notion 
that robust vocabulary development, as viewed by language educators, is similar to 
what science educators refer to as conceptual development. Second,  Nature of 
Science  learning goals found in the Next Generation Science Standards (NGSS 
Lead States  2013 ) and expressive/receptive language goals in second language 
acquisition theory (Bialystok  2001 ) involve similar practices.  

    Vocabulary and Science Conceptual Development Synergy 

 In the  Elementary Science Methods  course, preservice teachers received opportuni-
ties to consider  words as concepts . This consideration to vocabulary development 
moves beyond just knowing the defi nition of a word to more robust vocabulary 
knowledge, including seeing how key science terms relate to each other and how 
targeted vocabulary is used differently across different contexts. This type of con-
textual attention to vocabulary blurs the distinction with how language educators 

FOUNDATIONS

First & Second Language Acquisition

Socio-Cultural

Child Development

METHODS
Science
Math

Social Studies
Language Arts

CLINICAL EXPERIENCE

Practicum I, II, II

  Fig. 2.2    Integrated teacher preparation coursework       
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view vocabulary development and the way science educators consider science con-
ceptual development. 

 To support a level of ownership of key science concepts, the science methods 
faculty discussed with preservice teachers the need to expose students to key terms 
repeatedly (Beck et al.  2002 ) in both fi rst and second hand investigations (Bravo and 
Cervetti  2008 ), ensuring opportunities to both hear and use the key terms in science 
activities and to think about how words relate to each other. In the shared Space 
Science unit (below), the science faculty exemplifi ed this by providing her preser-
vice teachers with the semantic map in Fig.  2.3 .

   The science methods instructor introduced the concept/vocabulary  gravity  by 
defi nition, but then went on to explain other dimensions of ‘knowing’ the term  grav-
ity . This suggestion originated from the language educator’s training when address-
ing vocabulary development in a second language. The meta-pedagogical discussion 
with pre-service teachers in the course is captured below (Table  2.1 ).

   This level of attention to vocabulary provided support to preservice teachers’ 
conceptual understanding and also served as a model for facilitating the teaching of 
science concept to ELLs in K-8 grade levels. 

 The science faculty also provided insights into the type of vocabulary the lan-
guage educator could target in his class. The science methods faculty noted that 
many of her students have command of the everyday meaning to certain science 
words but do not recognize the nuance differences in meaning of the science word 
(e.g., dirt/soil; home/habitat; guess/predict). She reminded the language educator 
that part of the discourse of science is to use language with precision. The language 
educator in turn targeted vocabulary development in his course that would use what 

  Fig. 2.3    Gravity semantic map       
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students knew about a science meaning, but extended that to a more precise scien-
tifi c understanding of the term. 

 Preservice teachers were informed that in science, as in other disciplines, there 
are particular ways of talking that help better explain science ideas. They were told 
scientists use words that can be similar but not identical in meaning. Examples were 
provided (e.g., study/investigate; look/observe; guess/predict) and explanations as 
to the science meaning were given (e.g.,  observe  meaning the use of  all  of your 
senses not just sight;  predict  referring to a guess that is leveraged with strong and 
varied evidence). 

 An activity created by the language educators had preservice teachers use the 
Space Science curriculum to locate other words that have an  Everyday  meaning and 
a more precise  Science  meaning. Students were also given opportunities to see the 
relationship between the concepts on a chart paper where the language educator 
captured the word pairs identifi ed by students. Figure  2.4  shows the word chart 
created.

   The emphasis on robust vocabulary learning with this activity was not to focus 
on defi nitional aspects of word learning, rather to recognize that the terms are part 
of a conceptual network of concepts that defi ne areas of science study. 

   Table 2.1    Vocabulary meta-pedagogical discussion   

 Participant  Contribution  Author commentary 

 Faculty  You noticed that before we got in too deep 
with the movement of planets, we discussed 
key vocabulary like gravity…so that 
students can use them in their discussions 
and writing and understand them when the 
teacher uses the vocabulary as well 

 Faculty in front of the classroom 
and pre-service teachers have 
models of planets at their desks 

 Pre-service 
Teacher 1: 

 So we frontload vocabulary but not just the 
defi nition 

 Pre-service teacher pointing at 
the gravity word chart. 
Frontloading vocabulary is a 
concept reviewed in the 
Language Methods course 

 Faculty  Yes. What else do you notice about this 
activity? 

 Calls on Pre-service teacher 2 

 Pre-service 
Teacher 2: 

 I like that we can use the students’ native 
language 

 Faculty listens to student 
response 

 Faculty  What other categories can we include 
instead of Native language or words 
related? Think-Pair-Share and then we’ll 
share some examples 

 Pre-service teachers in small 
groups write down other example 
and prepare to share 

 Faculty  What did this group fi nd?  Group in the back is called on 
and other groups provide 
additional examples 

 Pre-service 
Teacher 3: 

 We have 1. How well do you know the 
word; 2. Is it a noun, verb, adjective; 3. 
How do you think we’ll use this word in the 
activity? 

 Faculty listens to student 
response 
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 Preservice teachers illustrated understanding of the potential of this activity. In 
the transcript below, preservice teachers discuss how this activity can be utilized 
with different types of vocabulary and other content areas as well (Table  2.2 ).

   In the example above, preservice teachers appropriate the activity and fi nd use 
for it across content areas.  

    Nature of Science and Expressive/Receptive Language Synergy 

 To help students see science as a process rather than a set of facts to be memorized, 
goals of NGSS Lead States ( 2013 ) include students learning about the practices of 
science (e.g., gather evidence, make and test models, organize and analyze data). 
Learning about how scientists go about their work provides students a view into the 
habits of mind involved in science. These include posing their own questions to 
investigate and to critically evaluate data gathered. 

Everyday Word Science Word

See Observe

Information Data

Trip Mission

Robot Rover

Make Design

  Fig. 2.4    Science/everyday 
word chart       

   Table 2.2    Everyday/academic word discussion   

 Participant  Contribution  Author commentary 

 PreService 
Teacher 5: 

 This is great for tier 1 and 
tier 2 words dirt and soil 

 Referencing discussion of Beck, McKeown and 
Kucan’s (2002) categorization of words 
according to frequency of occurrence. (sitting 
with 4 classmates in small group) 

 PreService 
Teacher 6: 

 I think you could use this 
with other subjects too 
like in math or language 
arts 

 Students come up with other word pairs in other 
subject areas using vocabulary lists from 
teacher’s curriculum guide and write them on 
chart paper 

 …Do and evaluate and same 
and equivalent can work 

 PreService 
Teacher 7: 

 Leave and Abandon I 
think works for language 
arts 

 Examples provided by an additional student 
sitting close by 

 Faculty  This is great work. Would 
this group mind sharing 
with the rest of the class? 

 Group shares with class their additional word 
pairs 
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 The practices of science require students to understand language (receptive lan-
guage) and produce language (expressive language). Expressive and receptive lan-
guage are important concepts in the arena of second language acquisition because 
they speak to the need of native speakers of the language to serve as language mod-
els (receptive language) as well as opportunities to use the language (expressive 
language) with expectations of offering positive corrective feedback (Pérez and 
Torres-Guzmán  1992 ) with the ultimate goal of developing language profi ciency. 
Preservice teachers are usually introduced to these concepts of receptive/expressive 
language in a decontextualized or inauthentic manner. Using science as the context 
to discuss expressive/receptive language helps preservice teachers see goals of the 
Common Core State Standards related to English Language Arts (CCSS-ELA) 
(National Governors Association Center for Best Practices and Council of Chief 
State School Offi cers  2010 ) in a more salient manner. 

 An example that illustrates this synergy also involved the Space Science unit 
(Session 2 on  Appendix 1 ) which faculty in both science and language courses 
taught to develop preservice teachers’ understanding of the nature of science and 
speaking/listening for their respective courses. In the science methods course pre-
service teachers experienced a science discourse circle to exemplify the practices of 
science. After reviewing and building their knowledge base about what makes a 
planet a planet, preservice teachers had a discussion regarding whether Pluto should 
be considered a planet or not. In the discourse circle activity below, teacher candi-
dates constructed arguments for and against Pluto’s planetary status and tried to 
convince others of either a “no” or “yes” planetary classifi cation (Fig.  2.5 ).

   Teacher candidates learned about the fact that scientists discuss their ideas with 
others, read the work of other scientists and leverage evidence to support their 
claims. This latter point allowed for a natural discussion about providing ELLs with 
receptive and expressive language learning opportunities. Of particular focus was 
ensuring to provide clear models of the expected outcomes (receptive language) and 
positive corrective feedback of ELLs’ contributions (expressive language) during 
the discourse circle. 

 In the  Foundations for First and Second Language  course preservice teachers 
attended to the nature of science learning goals and receptive/expressive language- 
learning goals through a similar process and the use of an Earth science unit. In the 
unit, they read a book of a shoreline scientist interested in understanding why 
beaches are shrinking along shorelines that are populated by people. Using this 
backdrop such practices of science as asking questions, making predictions, making 
observations and using tools are provided. Each of these practices requires attention 
to either receptive or productive language. The instructor prompted students to cat-
egorize each science practice as involving receptive, productive language, or both. 
Such context to discuss this key second language learning goal, is optimized by 
using an authentic context as science rather than one that is contrived. 

 These examples of integration across the  Elementary Science Methods  course 
and  Foundations of First and Second Language Acquisition  course blurred the dis-
tinctions between the courses. Students often asked “what course am I in right 
now?” Preservice teachers across both courses were reminded that this kind of 
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 integration creates ‘curricular economy’, allowing preservice teachers to teach more 
in less time while increasing ELLs’ science understandings and English language 
development.   

    Results 

 Two sets of fi ndings illustrate the potential for the model proposed. First, a set of 
effi cacy studies illustrated the potential to providing language and science lessons 
to K-8 grade-level students. The second source of evidence includes a series of 
quasi-experimental design studies with preservice teachers that tested participants’ 
ability to teach science in an integrated manner. 

    ELL Learning Potential of Integrated Lessons 

 The science activities presented to the preservice teachers have been tested with K-8 
ELLs through a series of effi cacy studies (Bravo and Cervetti  2014 ; Cervetti et al. 
 2012 ,  2015 ). In one study involving 115 fourth-grade classrooms, half the teachers 
were randomly assigned to use a language and science integrated curriculum model 

  Fig. 2.5    Science discourse circle       
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while the other half were asked to teach the district science curriculum with com-
parable science goals over an 8-week period for 45 min per day (Bravo and Cervetti 
 2014 ). Pre and post assessments of science vocabulary knowledge, science under-
standing, and reading comprehension were administered. The integrated curricu-
lum provided students with opportunities to read, conduct fi rsthand investigations 
and discussions as well as writing tasks related to planets and moons. The compari-
son classrooms allowed students to conduct fi rsthand investigations and discuss 
their fi ndings, but no explicit instruction on literacy was offered during science 
instruction. The researchers found that ELLs in the integrated classrooms signifi -
cantly outperformed ELLs in the classrooms where the district curriculum was 
implemented in the area of science understanding, vocabulary and science knowl-
edge. Graph  2.1  shows the comparison results for both groups of fourth grade 
students.

   Considering students where the teacher used the district-adopted curriculum 
were involved in more fi rst-hand investigations than the students in the integrated 
classrooms (time in these classrooms was balanced with reading, writing, vocabu-
lary instructional focus as well as fi rsthand investigations), it is hypothesized that 
being able to do, read, write and talk about planets and moons is a more effi cacious 
instructional approach.  

    Building Preservice Teacher Knowledge of Integrated 
Curriculum 

 Data from quasi-experimental design studies with elementary grade preservice 
teachers illustrate potential of the model for increasing preservice teacher effi cacy 
with teaching science to English learners (Bravo et al.  2014 ; Teemant et al.  2011 ). 
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In one study (Bravo et al.  2014 ), teacher candidates (n = 65) were provided with a 
science methods course that considered issues of language in science (i.e., vocabu-
lary, reading, writing and talking about science). A comparison was made between 
this group of preservice teachers to preservice teachers (n = 45) who received the 
more traditional science methods course. When controlling for various factors, 
including science background, language background, age, gender and other vari-
ables, treatment preservice teachers had stronger effi cacy about science teaching 
and working with ELLs than did comparison teachers. 

 In a follow up study, researchers probed how much of a language focus was 
involved in the science instruction provided by preservice teachers when they taught 
science during their practicum experience (Bravo et al.  2015 ). The science methods 
course provided similar attention to language and scaffolds for ELLs during science 
teaching as the study referenced above. Preservice teachers in the treatment condi-
tion were more likely to scaffold for language development, promote more science 
talk and draw attention to the literacy needed to do science than preservice teachers 
in the more traditional teacher preparation model, where preservice teachers had to 
make the connection between their science methods and language foundations 
courses.   

    Conclusion 

 This chapter outlined an effort for science and language educators to consider the 
natural convergences between the two disciplines and the potential service each can 
have for the other when preservice teachers are prepared to teach to the ‘sweet 
spots’ between the two. Taking advantage of these natural convergences also excited 
preservice teachers, lessening apprehensions about science teaching. Moreover, 
supporting their training to optimize instructional time by addressing goals in two 
subject areas at the same time, leads to more productive learning opportunities in 
both disciplines. In the chapter, examples of the various ways in which science and 
language converge were offered as well as instructional approaches that can be used 
to prepare preservice teachers to address both the Common Core State Standards for 
Language Arts and the Next Generation Science Standards, both standards of which 
are proposing the type of integration that is suggested in this chapter. 

 Results from research interventions with children speak to the effi cacy of such 
integration. ELLs are given the chance to sharpen their language skills in an authen-
tic context that also serves developing their science understandings. A series of 
quasi-experimental design studies with preservice teachers illustrate the potential to 
learning to teach science and language in a synergistic manner. Preservice teachers 
whose teacher training program offered the integrated model for science and lan-
guage felt better prepared to teach ELLs than those that did not receive the interven-
tion methods courses and were more likely to address the language of science during 
their science teaching. 
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 Given ELLs have ‘double the work’ (Short and Fitzsimmons  2007 ) in having to 
acquire the English language while learning content and under time constraints 
(meeting graduation requirements), instructional models geared toward ELLs must 
think more synergistically. Reaching ELLs by accomplishing more with less time 
and in an authentic manner is what was offered to preservice teachers in the meth-
ods courses described in this chapter. The methods faculty feel more confi dent that 
the preservice teachers would respond differently to surveys about their effi cacy to 
teach science, work effectively with ELLs and specifi cally, to teach science to ELLs.      

      Appendix 1 

 Elementary science methods course plan 

 Class 
session  Topics  Assignments 

  Session 1     Course overview    Introductory Science & ELL Teaching 
Effi cacy Survey    Visions of science teaching for ELLs 

   NGSS 101 
  Session 2     Introduction of science teaching 

framework—Engage, Experience, & 
Explain with Evidence with 
embedded Structured English 
Immersion (SEI) strategies—
leverage Ss’ Native Language, 
Address Linguistic blindspots 

 Reading: 
   Fathman & Crowther Science for 

English Language Learners: K-12 
Classroom Strategies Ch.1 

  Science Content:  Space Science- 
 Movement of Planets & Moons  

   Ready, Set, Science. Chapter 1, A 
New Vision of Science Education, 
pp1–16 

  Session 3     Unpacking NGSS and what this 
means for  all  learners, especially 
ELLs 

   Online Discussion—Post refl ections 
of NGSS video and respond 
(questions, clarifi cations) to 2 posts of 
classmates    View NGSS Videos 

  Science Content:  Space Science- 
 Science & Technology, use of models  

 Reading: 
   Quinn, Lee & Valdés-Language 

Demands and Opportunities in 
Relation to Next Generation Science 
Standards for ELLs: What Teachers 
Need to Know 

(continued)
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 Elementary science methods course plan 

 Class 
session  Topics  Assignments 

  Session 4     Planning Science Instruction I: 
Science Inquiry 

 Readings: 

   Amplify Don’t Simplify: SEI 
Strategies to scaffold abstract 
science concepts—Visual 
Representations 

   Fathman & Crowther Science for 
English Language Learners: K-12 
Classroom Strategies Ch.3 

  Science Content:  Animal Diversity/
Skulls 

   BCSC 5E Instructional Model. In 
Ansberry & Morgan (2007) More 
Picture-Perfect Science Lessons 

   Banchi, H. & Bell, R. (October 2008). 
The Many Levels of Inquiry. Science 
and Children, pp. 26–29. 

  Session 5     Planning Science Instruction II: 
Science Big Ideas 

 Readings: 

   English Language Development 
Objectives in Science teaching—
vocabulary are science concepts 

   Westervelt (2007) Schoolyard inquiry 
for English Language Learners. 
Science Teacher. March, pp. 47–51 

   Share MT Interviews    Ready, Set, Science Chapter 4. Core 
Concepts 

  Science Content:  Animal Diversity/
Skulls 

  Interview Master Teacher (MT) : Goals 
for science learning & supports for ELLs 
during science 

  Session 6     Assessing Science & language 
Objectives 

 Readings: 

   Formative Tools to Guide Instruction    Henriques Assessment in science: 
Practical experiences and education 
research, Chapter 2: Developing 
assessment items: A how-to guide 
(p. 15–30). 

  Science Content:  Life Science- Plant & 
Animal Habitats  

   Cox-Petersen, & Olson (Feb 2007). 
Alternate Assessments for English 
Language Learners. Science & 
Children 46–48. 

  Session 7     Science Literacy & Literacy in 
Science 

 Readings: 

  Science Content:  Life Science- Plant & 
Animal Adaptations  

   Cervetti, Pearson, Bravo & Barber 
(2006). Reading & Writing in the 
Service of Inquiry-based Science. In 
R. Douglas, M. Klentschy, and 
K. Worth (Eds.),  Linking Science & 
Literacy in the K-8 Classroom  
(pp.221–244). Arlington, VA: NSTA. 

(continued)
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 Elementary science methods course plan 

 Class 
session  Topics  Assignments 

  Session 8     “Funds of Knowledge” in Science 
Teaching 

 Readings: 

   Making Science relevant and 
contextualized in students’ 
experiences in home & community 

   Stoddart, T. Tolbert, S., Solis, J. & 
Bravo, M. A. (2010). Effective 
Science Teaching with English 
Language Learners. In Gonzales, M 
(ED). Teaching Science with Hispanic 
ELLs in K-16 Classrooms. Charlotte, 
NC: Information Age Publishing. 

  Science Content:  Physical Science- Light 
Energy (characteristics of light)  

  Session 9     Explicit Instruction of the Discourse 
of Science- Science explanations & 
argumentation  

 Readings: 

   Video: Jonathan Osborne- 
 Argumentation in the Classroom  

   Osborne, J.F. (2010) Arguing to Learn 
in science: The role of collaborative, 
critical discourse.  Science .   Science Content:  Physical Science- Light 

Energy (light as Energy Source)  
  Session 10     Share fi nal Science Lesson Plans    Submit fi nal Science Lesson Planning 

Projects.    Next steps with inquiry based 
lessons 
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    Chapter 3   
 A Language-Based Approach to Content 
Instruction (LACI) in Science for English 
Language Learners                     

     Luciana     C.     de     Oliveira    

         Introduction 

 Over the last half decade, the number of English language learners (ELLs) in the 
United States has increased dramatically. Given this increase, it is vital for teacher 
education programs to address the needs of ELLs in their courses. According to the 
National Clearinghouse for English Language Acquisition ( 2010 ), over 10 % of the 
K-12 student population is comprised of ELLs, which represents over fi ve million 
students in schools. The largest number of these students is found in California, 
Florida, Illinois, New Mexico, New York, Puerto Rico, and Texas. However, states 
such as Arkansas, Alabama, Colorado, Delaware, Georgia, Indiana, Kentucky, 
Nebraska, North Carolina, South Carolina, Tennessee, Vermont, and Virginia have 
experienced more than 200 % growth in the numbers of ELLs in schools (NCELA 
 2010 ). The need to prepare teachers to work with these students in all U.S. states, 
then, is pressing. These rapid changes put pressure on teacher education programs 
to prepare teachers to work with ELLs (Athanases and de Oliveira  2011 ). This is a 
tall order in all content areas, but it is especially important in science. 

 Science presents disciplinary knowledge very differently from the ways in which 
meanings are constructed in students’ everyday language (Fang  2006 ; Fang and 
Schleppegrell  2008 ). ELLs need to be able to understand the language of science, as 
language is an integral part of learning science content (Bunch  2013 ; Lee and Miller 
 2016 ; Lee et al.  2013 . Therefore, science teachers need to be prepared for meeting 
ELLs’ content and language needs. Because of the growing number of ELLs in 
mainstream classes,  all  teachers – not just bilingual or English-as-a-Second-
Language (ESL) specialists – need to be prepared for working with ELLs (Lucas 
and Grinberg  2008 ). 

        L.  C.   de   Oliveira      (*) 
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 The context of this chapter is a teacher preparation model that started in California 
and was modifi ed over the years, being applied in Indiana, New York, and Florida. 
This model was implemented with both in-service teachers as part of their profes-
sional learning and pre-service teacher as part of their teacher education programs. 
Over the course of the past 10 years, elementary and secondary teachers learned 
about a language-based approach to content instruction (LACI) to address the con-
tent and language needs of ELLs in their classes. This chapter argues that LACI 
enables teachers to simultaneously focus on language and content in the content 
area of science. Using examples from classroom discourse in a fourth-grade class-
room in Indiana, the chapter presents principles – the 6 Cs of support – for imple-
menting LACI in science instruction.  

    Teacher Preparation Model 

 The teacher preparation model – a language-based approach to content instruction 
(LACI) – was developed over the past 10 years of research in content area class-
rooms with ELLs and based on recent scholarship on the language demands of 
schooling (e.g. Athanases and de Oliveira  2014 ; de Oliveira  2007 ,  2011 ; de Oliveira 
and Dodds  2010 ; de Oliveira et al.  2013 ; de Oliveira and Lan  2014 ; de Oliveira and 
Schleppegrell  2015 ; de Oliveira and Yough  2015 ; Fang  2006 ; Fang and Schleppegrell 
 2008 ; Schleppegrell  2004 ). 

 This approach attends to recent concerns about addressing the needs of ELLs in 
the era of standards-based education. The development of the Common Core State 
Standards (CCSS) (National Governors Association Center for Best Practices and 
Council of Chief State School Offi cers  2010a ), starting in 2009, marked a new 
chapter in this era. The CCSS in English Language Arts, Mathematics, and Science, 
History/Social Studies and Technical Subjects were designed for a general student 
population and provide little guidance for teachers who have ELLs in their class-
rooms. The only direction given is a two-page document entitled “Application of 
Common Core State Standards for English Language Learners” (National Governors 
Association Center for Best Practices and Council of Chief State School Offi cers 
 2010b ) that provides very general information about ELLs and their needs. This 
document does not provide any guidance for teachers in how to adapt and use the 
CCSS with ELLs, and nothing about how to address the demands and expectations 
of the standards with this student population. The Next Generation Science 
Standards (NGSS Lead States  2013 ) call for integration of language and science for 
all students, and especially ELLs. The NGSS highlight the need to develop strong 
literacy skills, as they are vital to building knowledge in science. 

 LACI clearly addresses the language and content demands and expectations of 
the CCSS and the NGSS for ELLs. 
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    Understanding the Challenges of a Discipline in Linguistic 
Terms 

 Subject matter in schools is constructed in language that differs in key ways from 
the language we use to interact with each other in daily life (Schleppegrell  2004 ). 
This language of schooling (Schleppegrell  2004 ), often called  academic language , 
is diffi cult for all students, but it is especially challenging for ELLs. Academic lan-
guage is generally learned in school from teachers and textbooks, and only with 
proper instructional support (Schleppegrell  2004 ). Academic language contrasts 
with  everyday language , the language used in everyday life. For students without 
opportunities to develop this language outside of school, the classroom needs to 
offer opportunities to learn language and content simultaneously. Much of the chal-
lenge of the content areas, science included, is linguistic. 

 Starting in elementary school, especially at the intermediate grades, to learn con-
tent, ELLs need to be able to see how language works in texts, read with compre-
hension, engage in discussion of complex issues, and critically evaluate the texts 
they encounter. Research focusing on the linguistic construction of secondary con-
tent areas (e.g. Fang  2006 ,  2012 ; Fang and Schleppegrell  2008 ,  2010 ; Schleppegrell 
 2004 ) has shown that authors present disciplinary knowledge very differently from 
the ways in which meanings are constructed in students’ everyday language (Fang 
 2006 ; Fang and Schleppegrell  2008 ). My work in K-12 classrooms has demon-
strated that, as ELLs progress in school, they need to understand how authors con-
struct the discipline-specifi c discourse of the content areas. This research has shown 
that the key linguistic features found in the content areas at the secondary level are 
already present at the elementary school level. Therefore, identifying the linguistic 
demands of the content areas for ELLs at the elementary school level is important 
for teachers so these teachers can develop a better understanding of how authors 
construct disciplinary knowledge and address these demands in their teaching. 

 General strategies, such as creating collaborative groups, using visuals, and 
building on students’ background knowledge, often are cited as strategies that work 
well for ELLs in the content areas (Keenan  2004 ; Hansen  2006 ). While these may 
be helpful strategies for ELLs at the beginning levels of English language profi -
ciency, they are not enough for the science classroom because of the demands of the 
language of science. To make content accessible to ELLs, many content area teach-
ers of ELLs draw on a variety of strategies and techniques to simplify language and 
to dilute content. While these strategies and techniques may be helpful for ELLs at 
the beginning levels of language profi ciency, they are not appropriate for ELLs at 
intermediate to advanced levels, especially as they progress through the elementary 
grades. Under a watered-down curriculum, ELLs may not be taught academic lan-
guage and they may never learn to read texts without modifi cations or adaptations 
(Gibbons  2006 ).  

3 A Language-Based Approach to Content Instruction (LACI) in Science for English…
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    A Focus on the Content to Be Taught  Through  Language 

 A language-based approach to content instruction (LACI) places emphasis on lan-
guage learning in the content classroom. Teachers must use language to teach con-
tent, rather than using content to teach language. Instead of fi nding relevant content 
to further language development goals, this approach focuses on enabling teachers 
to foreground the language as a way into the content. Talking about language  is  talk-
ing about content. LACI, with a focus on content  through  language rather than on 
language through content, can be a means through which instruction for ELLs can 
be accomplished in meaningful ways in a mainstream classroom. 

 LACI differs from content-based instruction (CBI). Content-based instruction 
(CBI) is an approach that focuses on the integration of language and content, com-
mon in many English as a second language (ESL) classes. CBI uses meaningful 
language to motivate students and enable content learning along with language 
learning (Davison and Williams  2001 ). In CBI classrooms, a focus on form and 
meaning should be balanced, indicating that form and meaning are seen as aspects 
of language that can be addressed separately. The content is considered a means of 
selecting appropriate, authentic, or motivating language instruction; therefore, 
teachers must fi nd relevant content to further language development goals. 

 A key component of LACI is providing mainstreamed ELLs with  access  to the 
language of the different content areas, not by simplifying content but by enabling 
ELLs to manipulate language as it is written, without simplifi cation. The notion of 
making content  accessible  is taken here to mean providing  access  to the academic 
language that constructs content knowledge. LACI draws on a functional theory of 
language, allowing for a simultaneous focus on the meanings that are made (the 
“content”) and the language through which the meanings are expressed. This 
approach is a powerful tool for raising teachers’ awareness about the challenges of 
learning content, and enables them to more effectively contribute to the language 
development of ELLs in their mainstream classes. The goal is to provide teachers 
with ways of talking about the language that enable them to focus on the content at 
the same time that they offer ELLs opportunities to develop academic language 
profi ciency. 

 To develop this approach, I fi rst observed classroom teaching to expand my 
understanding about the skills and knowledge teachers needed to help ELLs fully in 
the content area classroom. Teachers had a range of strategies for building back-
ground knowledge, for helping students predict from headings, layout, visuals and 
other features, and for using strategies such as collaborative work, graphic organiz-
ers and other techniques that have been shown to be helpful for ELLs. But teachers 
had few strategies to employ when it came to actually reading texts and getting 
meaning from texts. I also identifi ed patterns in content area texts and developed 
language-focused strategies to help teachers understand the linguistic challenges 
presented in texts and tasks. Over time I discovered the ways of talking about 
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 language that teachers found most accessible, and identifi ed the linguistic constructs 
that teachers most readily adopted in their own teaching. This chapter presents some 
of those constructs and describes the kind of focus on content that they promote. By 
putting the language focus into the content classroom, with a functional focus on the 
meanings expressed in the language, I enable teachers to simultaneously focus on 
language and content by seeing how language choices construct content. The chap-
ter places emphasis on how teachers can select grade-level texts from textbooks and 
other materials, identify the potential challenges for ELLs they may present, and 
plan instruction to address those challenges.  

    Systemic-Functional Linguistics: A Meaning-Based Theory 
of Language 

 LACI draws on a meaning-based theory of language,  systemic-functional linguistics  
(SFL) (Halliday and Matthiessen  2004 ). This theory does not separately address 
language and content, but instead sees language as the realization of meaning in 
context. This perspective puts the focus on content, helping teachers understand 
how the language works to construct knowledge in the discipline. It offers a way of 
getting meaning from the text itself, going beyond general reading strategies to 
provide a means of tackling a content area text, unpacking meanings clause by 
clause to examine how any content is presented in language. LACI enables a focus 
on language from each of these three angles:  presenting ideas, enacting a relation-
ship with the reader or listener , and  constructing a cohesive message  (de Oliveira 
and Schleppegrell  2015 ). 

  Presenting Ideas     In terms of presenting ideas, we focus on the content of the mes-
sage, looking at verbal and visual resources that construct the content presented in 
the nouns, verbs, prepositional phrases, and adverbs.  

  Enacting a Relationship with the Reader or Listener     When we read, write, lis-
ten and speak, we draw on language resources that indicate the kind of relationship 
we are enacting; whether it is formal or informal, close or distant, and whether it 
includes attitudes of various kinds. We can explore the verbal and visual resources 
that construct the nature of relationships among speakers/listeners, writers/readers, 
and viewers, and what is viewed.  

  Constructing a Cohesive Message     Some of the language choices we make are not 
about presenting content or enacting a relationship, but instead are in the service of 
constructing a message that holds together. For this we explore the verbal and visual 
resources that are concerned with the organization of the information and elements 
of texts and images used to present content in a cohesive way.   

3 A Language-Based Approach to Content Instruction (LACI) in Science for English…
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    Application to Science 

 LACI was applied in pre-service and in-service teacher education to focus on the 
teaching of all content areas – English language arts, mathematics, science, and 
social studies. For this chapter, I use examples from classroom teaching (lesson 
plans that pre-service teachers developed and their refl ections) to show how LACI 
was applied in the content area of science.   

    Implementation 

 Karla, a fourth-grade teacher, worked with me in Indiana for several years imple-
menting LACI in her classroom. I use excerpts from her classroom teaching to 
exemplify implementation of LACI in the teaching of science. Karla teaches in a 
school district with 30 % culturally and linguistically diverse (CLD) students and 70 
% White students. Many of the CLD students come from families which are associ-
ated with Purdue University, including children of international students and immi-
grants. Over the course of 5 years, the implementation of LACI went through three 
“phases”. Phase 1 focused on reading science texts and developing lessons to 
address the challenges of science, and then moved to Phase 2 which addressed writ-
ing instruction about science experiments. Phase 3 focused on talking science, or 
the classroom discourse about science that supported and challenged ELLs (see de 
Oliveira and Lan  2014 , for more details about each phase). Before designing 
language- based lessons for her classroom, Karla selected key texts to work on with 
students and used the following application framework to guide her planning. 

    LACI Application Framework for Teachers 

 The following analysis and application framework can guide teachers’ application 
of LACI in their classrooms as they set goals based on key concepts, select texts to 
work with students, analyze these texts, and plan instruction for their ELLs. 

  Setting Goals, Based on Key Concepts     The fi rst step in this framework would be 
to set particular goals based on key concepts that students will need to develop. 
Specify the content knowledge that students need to develop.  

  Selecting a Text     The second step is to identify a text – it could be two or three 
paragraphs that have signifi cant content information related to the key concepts and 
the main points you want to make. Carefully read the text.
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    (a)    What is most important for students to learn from the selection you have cho-
sen? Write at least one  guiding question  that will guide your teaching of this 
content.   

   (b)    What language challenges in the text may make it diffi cult for students to under-
stand the content?      

  Analyzing a Text     To explore different language patterns, follow the questions pre-
sented in Table  3.1  (adapted from de Oliveira and Schleppegrell  2015 ), looking at 
the language features of the text:

     Planning Instruction with a Focus on Language and Content     Here is when the 
teacher plans how to draw students’ attention to the language as it is encountered in 
the text. Use these additional steps to guide your planning:

    (a)    Identify language features that will help students understand the content. Focus 
on those.   

   (b)    Identify and discuss the main points necessary to understand the text with 
students.   

   (c)    Write some discussion questions or a list of important questions/points that can 
be used to guide students to examine the language features and main points.      

 At this point in planning instruction, teachers use the following principles of imple-
mentation as the six Cs of support for ELLs.  

    Six Cs of Support 

 LACI builds on a variety of principles that have identifi ed specifi c elements of 
instructional activities for CLD students. The principle of  connection  refers to the 
ways in which teachers can connect pedagogy and curriculum to students’ back-
grounds and experiences (Cochran-Smith  2004 ; Villegas and Lucas  2002 ). The 
principle of  code-breaking  involves explicitly teaching ways of doing school, aca-
demic literacy, and disciplinary, linguistic, and cultural codes of content learning 
(Fang  2006 ; Schleppegrell  2001 ,  2004 ). Code-breaking includes the integration of 

    Table 3.1    Questions to guide text analysis   

 Presenting ideas 
 Enacting a relationship with the 
reader or listener 

 Constructing a cohesive 
message 

 Focus on content  Focus on relationships  Focus on organization 

 1. What is the text/image 
about? 

 3. What is the author’s 
perspective? 

 5. How is the text/image 
organized? 

 2. What are the key 
concepts developed in the 
text/image? 

 4. How does the author of this 
text/image interact with the 
reader/viewer? 

 6. How does the text/image 
construct a cohesive 
message? 
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language and content as inseparable instructional components. Academic literacy is 
a process of making academic dimensions of subject matter transparent for ELLs. 
Bridges between everyday and academic language are essential for understanding 
of content (Gibbons  2006 ). 

 The principle of  community and collaboration  refers to joint productive activity 
in which students co-construct knowledge (Brown and Campione  1994 ; Lave and 
Wenger  1991 ). Teachers create communities of learners in their classrooms, where 
all students participate in activities to socially construct knowledge (Nieto  2000 ). 
The use of  culture  as a principle enables students to build on prior knowledge by 
accessing cultural and linguistic resources (Moll et al.  1992 ; Valenzuela  1999 ). 
Students’ cultural and linguistic resources, or their “funds of knowledge” from 
home communities (Moll et al.  1992 ), are used to support academic learning as 
ELLs develop new resources to be able to participate in new situations, bridging 
home and school and enhancing opportunities for students to learn (Valenzuela 
 1999 ).  Challenge  relates to classroom goals and activity that explore disciplinary 
literacy and higher-order thinking and reasoning. High challenge and high academic 
standards and content are maintained for ELLs (Hammond  2006 ). The principle of 
 classroom interactions  focus on “interactional scaffolding,” the use of oral dis-
course to prompt elaboration, build academic literacy, and move discourse and 
learning forward (Hammond and Gibbons  2005 ). Interactional scaffolding includes 
three main processes. (1) Linking to prior experience, pointing to new experiences, 
and recapping refers to teachers’ ability to target a specifi c learning area to ELLs’ 
current levels of knowledge and their English language abilities. (2) Appropriating 
and recasting students’ contribution, typically during discussions or elicitations, 
involves the teacher’s direction of students’ contributions by means of recasting 
their words into more content, language, context appropriate discourse. (3) Using 
Initiation, Response, Feedback (IRF) sequence includes teachers offering strong 
verbal or gestural hints about expected responses, especially targeting specifi c stu-
dents for specifi c purposes so students can say more and refl ect on their understand-
ing, that is, they ask for clarifi cations, probe a student’s response, ask to explain a 
particular point in detail. The principles are summarized in Fig.  3.1 .

   Karla followed the implementation framework for lesson planning and delivery.  

    Application Framework Applied in Science: Karla’s Animals 
Lesson 

  Setting Goals, Based on Key Concepts     Karla identifi ed as goals for her students 
to understand the different animals with backbones and where they lived and some 
of their key characteristics.  

  Selecting a Text     Karla selected a text that she identifi ed as being diffi cult for stu-
dents but had all of the information that was necessary for students to understand the 
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key concepts. The selected text was from a textbook commonly used in Indiana and 
focused on how animals are classifi ed (Harcourt  2005 , p. 22).  

     (a)    What is most important for students to learn from the selection you have cho-
sen? Write at least one guiding question that will guide your teaching of this 
content. 

 Karla wrote the following guiding questions for this lesson: How are animals 
classifi ed? What are their differences?   

   (b)    What language challenges in the text may make it diffi cult for students to under-
stand the content? 

   Karla explained in her lesson plan (quotes from the lesson plan are in quotation 
marks) that she selected this text because it presented key concepts about ani-
mals and their classifi cation, including their bodies. In addition, she said that 
the format of the text – “set-up so that the defi nitions of each of the animals with 
backbones are separated into boxes” – may be challenging for ELLs.     

 The text that Karla used from the textbook is presented next (Fig.  3.2 ).
   Karla conducted a text analysis following the concepts she learned about 

  Analyzing a Text     Karla used the questions from Table  3.1  to guide her analysis. 
In terms of  presenting ideas , teachers use two guiding questions: What is the 
text/image about? and What are the key concepts developed in the text/image? 
To address these questions, Karla identifi ed the  participants, processes , and 

CONNECTION
Pedagogy and 
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disciplinary, linguistic, 
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content learning.

  Fig. 3.1    Six Cs of support       
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 the “scientifi c pattern”  for each clause in the text.  Participants  are the who or what 
that are participating in the process, represented as a person(s) or thing(s). A  process  
is a verb group that shows what is going on (the  doing, thinking, saying  or  being ). 
The  scientifi c pattern  is what came after the  doing  or  being processes  that described 
or explained something about the participants and processes.  

 This analysis helps to see the content that is presented and the key concepts such 
as  what animals   have  or  what they   are covered   with ,  where they   live , and other impor-
tant characteristics. The process column helps the teacher to understand information 
about the content of the text which she can then teach the students (Table  3.2 ).

   For  enacting a relationship with the reader or listener , teachers use two guid-
ing questions: What is the author’s perspective? and How does the author of this 
text/image interact with the reader/viewer? Karla noticed that this text presented 
information in declarative mood, that is, it represents actions or states as objective 
facts. She also noticed that the author did not interact with the reader by using inter-
rogative sentences, that is, questions which sometimes are found in science texts, 
such as “Have you ever planted seeds in a garden?” to connect the content that will 
be presented to students’ experiences. 

 In terms of  constructing a cohesive message , teachers use two guiding ques-
tions: How is the text/image organized? and How does the text/image construct a 
cohesive message? Karla focused on the use of conjunctions such as  and  and  but  to 
link some clauses. The conjunction  and  showed addition and  but  showed contrast. 
She also noticed that many qualifi ers such as  usually, mostly,  were used to build 
cohesion – keeping the text together as a message – and wanted to specifi cally 
address their use in the text (see Fig.  3.3 ). Karla planned a game to focus on these 
qualifi ers (underlined in and in bold in Fig 3.3; see game description in the next 
section).

Fish    
Fish are usually covered with scales.  They live only in water.  Fish breathe mostly with 
gills.  Fish are cold-blooded and most lay eggs.
Amphibians
Amphibians are covered with skin.  They can live both on land and in the water.  They 
breathe with lungs or gills or both.  They are cold-blooded.  Amphibians hatch from eggs.
Reptiles
Reptiles are covered with scales.  Most reptiles live on land.  Some can live in water.  
They breathe with lungs.  Reptiles are cold-blooded.  Reptiles usually lay eggs instead of 
having live births.
Birds
Birds are covered with feathers.  They usually live on land, but may birds spend much of 
their time in water.  Birds use lungs to breathe.  They are warm-blooded.  All birds lay 
eggs.
Mammals
All mammals have hair or fur.  Most live on land, but few live in water.  They breathe 
with lungs.  Mammals are warm-blooded, they make their own heat.  Most mammals 
have live births.

  Fig. 3.2    How are animals classifi ed? (Harcourt  2005 )       
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    Planning Instruction with a Focus on Language and Content     As Karla was 
conducting the text analysis, she already started to plan. To help students understand 
the text, Karla planned a “language dissection” activity, as she named these lessons. 
Students had been working on the concepts of  participants, process , and  scientifi c 
description , based on systemic functional linguistics and part of the implementation 
of LACI, introduced in previous lessons.  

 As Karla analyzed the text, she also found that the text had many “qualifi ers” 
which we discussed as being words such as  some, many, usually  etc. She pulled the 
text out from the textbook and underlined and bolded key “chunks” of text. She 
introduced the text to students and asked them why certain chunks were highlighted. 
The students also reviewed the meaning of “qualifi ers” to which they had been 

   Table 3.2    Presenting ideas   

 Participants  Process  Scientifi c pattern 

 Fish  are usually covered  with scales. 
 They  live  only in water. 
 Fish  breathe  mostly with gills. 
 Fish  are  cold-blooded 
 (and) most  lay  eggs. 
 Amphibians  are covered  with skin. 
 They  can live  both on land and in the water. 
 They  breathe  with lungs or gills or both. 
 They  are  cold-blooded. 
 Amphibians  hatch  from eggs. 
 Reptiles  are covered  with scales. 
 Most reptiles  live  on land. 
 Some  can live  in water. 
 They  breathe  with lungs. 
 Reptiles  are  cold-blooded. 
 Reptiles  usually lay  eggs instead of having live births. 
 Birds  are covered  with feathers. 
 They  usually live  on land, 
 (but) many birds  spend  much of their time in water. 
 Birds  use  lungs to breathe. 
 They  are  warm-blooded. 
 All birds  lay  eggs. 
 All mammals  have  hair or fur. 
 Most  live  on land, 
 (but) few  live  in water. 
 They  breathe  with lungs. 
 Mammals  are  warm-blooded, 
 they  make  their own heat. 
 Most mammals  have  live births. 
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introduced in the prior lesson. Karla also used the following to explain qualifi ers 
and introduce students to the “poles on each end of the spectrum”. 

 

Pole
Always

Pole
Never    

 Karla explained to students that “there are different kinds of qualifi ers in sen-
tences, sometimes describing verbs, and sometimes describing nouns.” Karla 
described “the polarity of the qualifi ers” with the visual representation above. After 
the “language dissection,” students played a game and continued to explore the 
language of the text. 

 Game directions:

    1.    The class will come up with words that can be used as qualifi ers. The teacher will 
type these words or the students will write them on their own slips of paper. A 
list has been started below.   

   2.    The students will work in groups, each receiving a different section of the text. 
They will cut out the sentences of the text, removing the qualifi er completely 
from the text.   

   3.    Students will replace and/or add qualifi ers from the list that the class made 
together and discuss how the meaning of the sentence has changed. The amphib-
ian example will need to add qualifi ers. The class can discuss how adding quali-
fi ers won’t necessarily change the meaning.   

   4.    The students will quiz other groups to fi nd out who can remember the “correct” 
qualifi ers.    

Fish
Fish are usually covered with scales.  They live only in water.  Fish breathe mostly with 
gills.  Fish are cold-blooded and most lay eggs.
Amphibians
Amphibians are covered with skin.  They can live both on land and in the water.  They 
breathe with lungs or gills or both.  They are cold-blooded.  Amphibians hatch from 
eggs.
Reptiles
Reptiles are covered with scales.  Most reptiles live on land.  Some can live in water.  
They breathe with lungs.  Reptiles are cold-blooded.  Reptiles usually lay eggs instead of 
having live births.
Birds
Birds are covered with feathers.  They usually live on land, but may birds spend much
of their time in water.  Birds use lungs to breathe.  They are warm-blooded.  All birds lay 
eggs.
Mammals
All mammals have hair or fur.  Most live on land, but few live in water.  They breathe 
with lungs.  Mammals are warm-blooded, they make their own heat.  Most mammals 
have live births.

  Fig. 3.3    Qualifi ers       
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To plan for providing the 6 Cs of support, Karla identifi ed ways to  connect  her les-
son to students’ backgrounds and experiences. For  code-breaking , she specifi cally 
planned to use the metalanguage of participants, process, and scientifi c description 
to help students identify patterns in text to promote content learning. For the prin-
ciple of  community and collaboration , Karla planned a joint productive activity in 
which students co-construct knowledge, a class discussion that promoted students’ 
content knowledge development. For  culture , Karla planned to build on prior knowl-
edge by accessing cultural and linguistic resources. Karla also addressed  challenge  
by focusing on disciplinary literacy and higher-order thinking and reasoning. She 
used  classroom interactions  to prompt elaboration, build academic literacy, and 
move discourse and learning forward.   

    Implementation 

 Karla developed a lesson that incorporated the challenges she identifi ed through her 
text analysis and the key concepts essential for understanding of content. The fol-
lowing excerpt is a discussion about the text that Karla had analyzed and identifi ed 
as presenting important content. At this point in the lesson, teacher and students are 
going through the text to identify the  participants, processes , and  the “scientifi c 
pattern”  for each clause in the text, paying attention to specifi c sentence patterns.

   K:     Amphibians are covered with smooth skin.  What so far are we talking 
about with both of those sentences? Look at Alena’s hand, she is writ-
ing up!   

  S (Alena):    Like what they have on their body.   
  K:    What they have on their bodies. Let’s see if this continues. Carla, will 

you bring yours up, #1 go ahead and read it for me.   
  S:     Reptiles are covered with scales.    
  K:     Reptiles are covered with scales.  Again are we talking about what’s on 

the outside of the body? Edna, bring yours up and read it out loud for 
us.   

  Ss:     Birds are covered with feathers.    
  K:     Birds are covered with feathers.  Does anybody notice a verb that keeps 

being repeated for the process? What keeps being repeated, Nora?   
  S:     covered.    
  K:    Yes, we have the word  covered  every time. Is the word  covered  in 

your process, too, Alena?   
  S (Alena):    Oh, no!   
  K:    We have a difference here! Is it still the same, are we still talking about 

the same process?   
  S:    Yeah, what it’s covered in.   
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  K:    We’re still talking about the same thing except that it didn’t say covered 
with fur. What do you think that means, why do you think they didn’t 
use the word covered for this one? -they used the word covered for 
every other one. Do you have an idea, Laura? Why didn’t they use the 
word covered this time. Alena, you are up here why don’t you tell us.   

  S (Alena):    Because they aren’t all covered, they could have hair or fur   
  K:    Yeah, think about it, they aren’t all covered. Are you covered, do we 

have some hair?   
  S:    Yeah   
  K:    But, we probably wouldn’t say covered with hair. We don’t look like 

bears! So they chose not to put covered for this very last one; kind of 
interesting. Let’s see if our second sentence has a pattern, Laura. You 
guys have fi sh, so go ahead and read the fi sh sentence for me. You 
guys have been great listeners, by the way!   

  S:     They live only in water.    
  K:     They live only in water.  What are we talking about this time? What is 

the topic of our sentence? What are we talking about, Carla?   
  S (Carla):    Where they live.   
  K:    Where they live. Let’s see if the second group also talks about where 

they live. Brian. What you have?   
  S:     They can live on land and in water.    
  K:     They can live on land and in water.  Do you think the authors purposely 

put these in the same order every time?   
  Ss:    Yeah   
  K:    Do you think you would have noticed right away that they put them in 

the same order?   
  Ss:    No.   
  K:    I wouldn’t have noticed honestly but you know what, you may have 

noticed right away. But sometimes in science books and writing, 
you’re going to see these types of patterns if you look at them care-
fully. Let’s look at the next group to see if it also tells about where they 
live. Kathryn, go ahead.   

 This exchange exemplifi es Karla’s implementation of several Cs of support. First, 
Karla is using  classroom interactions  to focus on  code-breaking . Karla and the stu-
dents are discussing the use of the process  are covered  in the text, and Karla calls 
students’ attention to this pattern and asks them to notice why  covered  is not used in 
other examples when the text discussed  hair or fur . This part of the text was “All 
mammals have hair or fur.” These examples show Karla’s focus on disciplinary lit-
eracy. This is part of a collaborative activity in which students were engaged, exem-
plifying the principle of  collaboration and community . The principle of  challenge  
can also be seen in this example, as students are discussing challenging concepts. 
Karla is drawing on students’ backgrounds and experiences to discuss the process 
covered, an example of the  connection  principle. Karla asks Alena, an ELL, a spe-
cifi c question, drawing on the ELL’s linguistic resources, an example of  culture .  
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    Outcomes 

 The examples above show how teachers like Karla developed understanding of the 
role of language in science learning. Karla was introduced to ways of talking about 
language through the implementation of LACI. Karla used specifi c metalanguage – 
or a language to talk about language (de Oliveira and Schleppegrell  2015 ) – not only 
to discuss lesson design and conduct text analysis but also to implement lessons in 
her classroom. Over and over again, Karla reminded me of the diffi culties with read-
ing and writing the science textbook and the need for greater explicitness about how 
to engage students with science texts. Teachers like Karla can benefi t from an 
approach such as LACI if it is introduced in teacher education programs systemati-
cally and applied by teachers in their classrooms. Despite repeated calls in the lit-
erature for greater attention to language in teacher education programs that prepare 
content area teachers, there are few empirical investigations of how professional 
development efforts support pre- and in-service teachers. 

 Teachers who have gone through pre- and in-service professional preparation 
with LACI have found that the text selection and the planning parts of the model are 
essential for them to implement LACI in the classroom. For example, teachers often 
ask about how to select the texts to present to ELLs and ways to focus on the lan-
guage and content of the texts. We discuss how text selection is highly dependent on 
the key concepts students need to understand as well as the challenges the text may 
present to ELLs. In addition to LACI, pre-service teachers also receive an introduc-
tion to other models for teaching ELLs, including the Sheltered Instructional 
Observation Protocol (SIOP), Content-Based Instruction (CBI), and the Cognitive 
Academic Language Learning Approach (CALLA), which are contrasted with 
LACI. Every model has some benefi ts and some challenges, and we typically dis-
cuss what these are and how LACI involves a close look and discussion of texts that 
is not readily available and supported by these other models. We also discuss how 
LACI focuses on the content classroom and CBI and CALLA on the language class-
room and SIOP in sheltered techniques. LACI, on the other hand, places a focus on 
content learning with a focus on language, more appropriate for mainstream content 
area teachers.  

    Summation 

 Choosing a particular text and deconstructing its language features provides more 
than an abstract focus on language. ELLs will have opportunities to explore the dif-
ferent patterns of language that construct different types of texts. By focusing on 
texts, we can show ELLs language patterns that present specifi c content, which 
encourages conversation in the classroom about which content is presented, who is 
represented and how, and how the text is organized. 
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 In order for teachers to understand how language works in their discipline, they 
need practice in seeing how language expresses disciplinary knowledge. Since most 
teaching today is based on adopted standards, teachers should be able to work with 
texts that they choose to address the standards they must teach. In order to develop 
lessons, teachers begin with the selection of key concepts, often from their state 
standards. They then design units of study that incorporate language analysis to 
highlight the key concepts in their content curriculum. Teachers choose a related 
text and develop a guiding question that will focus their analysis and discussion. 
Then they engage in text deconstruction, fi rst to learn more about it themselves, and 
then to design activities that could engage their ELLs in seeing the multiple mean-
ings embedded in the text. 

 Mainstream, science teachers need knowledge and practical ideas about address-
ing the academic language needs of ELLs because they have the dual responsibility 
of facilitating ELLs’ content learning while also supporting their ongoing English 
language development. LACI can accomplish that in signifi cant ways. As the exam-
ples presented in this chapter show, teachers can develop ways to talk about both 
language and science in ways that help students access the language of the text so 
they can understand the scientifi c content better.     
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    Chapter 4   
 The Professional Development of Pre-service 
Teachers in an Integrated Science 
and Language Acquisition Curriculum 
with Third-Grade Students                     

     Anita     C.     Hernández    

      Elementary schools today face an increasing number of diverse students, especially 
students with language and literacy needs. Therefore, there is a growing demand for 
more preservice and inservice teachers who are prepared to work with diverse stu-
dents by accommodating their curricula to English language learners (Turkan et al. 
 2014 ). Knowing how to help students meet academic goals in reading and writing 
across subject matter is a challenge for any teacher, and knowing how to help 
second- language learners continues to be challenging for today’s teachers (Gándara 
et al.  2005 ). 

 One of the ways to improve students’ learning is through teacher professional 
development. There are a number of instructional models that focus on teaching 
both content and second-language development. Of these, I have selected the 
Guided Language Acquisition Design Project, or Project GLAD for short (OCDE 
 2011 ), because many bilingual and second-language classrooms use this model to 
develop students’ general and specifi c reading, writing, and learning strategies in 
content areas such as science, social science, literature, and mathematics. 

 This chapter focuses on a classroom professional development program for pre-
service elementary-school teachers who are earning their teaching credential at a 
local university in New Mexico. During a 3-day session, ten preservice teachers met 
at “El Dorado Elementary School” in southern New Mexico to observe and work 
with bilingual learners in a third-grade Spanish-English classroom. 1  In the after-
noons, the preservice teachers met at the university to refl ect on what had and had 
not worked well in the classroom. 

1   Bilingual learners are students who are acquiring two languages academically in dual-language 
classrooms. 
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 To support the preservice teachers during the 3-day session with third graders, I 
adapted a 6-day GLAD instructional unit for fourth graders and modeled language- 
acquisition strategies for a science unit taken from Boswell and Wattman-Turner 
( 2012 ). The classroom teacher, “Mrs. Linda Lara,” had requested lessons on energy, 
since she found this subject diffi cult to teach to her bilingual learners. In the science 
curriculum, the workshop was centered on luminous energy; in the language cur-
riculum, the focus was on reading, writing, and academic oral discourse. In this 
chapter, I suggest ways that science educators can develop integrated science and 
language-acquisition lessons to model for preservice teachers in order to effectively 
accommodate both second language learners in English-only classrooms and bilin-
gual learners in dual-language classrooms. 2  

 Project GLAD (OCDE  2011 ) is a professional development program that was 
developed by expert teachers for educators to meet the academic language and lit-
eracy needs of second language learners. Project GLAD’s professional development 
includes an instructional model that consists of oral language and literacy strategies 
that teachers can use to create content area units of instruction in language arts, sci-
ence, social studies, and mathematics. 

 In the 3-day session, I only had time to model 20 strategies that were most appro-
priate for teaching scientifi c concepts to third graders. To support scientifi c inquiry 
learning, I added fi ve experiments on light that the preservice teachers led with the 
third-grade students. In sum, while I modeled the GLAD strategies on all three days, 
the preservice teachers were mostly involved in the instruction on Days 2 and 3. 

    The Context 

 I am a teacher-educator who, in addition to my regular responsibilities, directs 
extracurricular workshops on language and content learning for TESOL/bilingual 
preservice teachers. I am also a former bilingual elementary-school teacher and a 
former consultant to school teachers who earned a 45-h certifi cate in working with 
second language learners. 

 The preservice teachers in the 3-day workshop were part of a national profes-
sional development project designed to improve instruction for bilingual students. 
All of these teachers were enrolled in a local university teacher preparation program 
to earn their elementary teaching credential and their TESOL or bilingual endorse-
ment in order to be able to teach English language learners in public schools. Seven 
of the ten preservice teachers were Hispanic females, two were Hispanic males, and 
one was a Caucasian female. 

 The morning workshop for the preservice teachers was given in Mrs. Lara’s 
third-grade dual-language classroom, in a rural school outside the city limits of a 

2   English language learners, or ELLs, are students who are learning English. Their English profi -
ciency is identifi ed through formal assessments of their listening, speaking, reading, and writing 
skills. 
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large city in New Mexico. Her students were 23 bilingual learners at various levels 
of English and Spanish language profi ciency, ranging from beginning to advanced 
in their second language. Twenty of the students began the dual-language program 
in kindergarten, and by third grade all were reading in both of their languages. 

 There are a number of advantages to using a classroom as a learning lab for 
expanding preservice teachers’ instructional repertoire. Modeling in classrooms 
provides preservice teachers ample opportunities to observe second-language and 
content area methods with bilingual learners and their learning in real time (Garcia 
and Wei  2013 ). Another advantage is that the preservice teachers gain practical 
teaching experience. In most teacher preparation programs, preservice teachers gain 
teaching knowledge through theory and research studies in university settings, with 
classrooms and students only imagined (Darling-Hammond  2005 ). In classrooms 
with real students, issues can arise that can then be analyzed and solved for future 
lessons (Lampert  2003 ). Thus, teaching becomes a form of problem-solving at 
which the preservice teachers gain experience. 

 Finally, because teaching often uses a “closed-door” approach, having all the 
preservice teachers present to observe the same students interacting in the same les-
sons creates a climate of open discussion of teaching in ways that are not available 
to many preservice teachers during their teacher preparation experience (Darling- 
Hammond  2005 ). In the present professional development program, the preservice 
teachers observed a condensed 3-day instructional sequence with various academic 
language and literacy instructional strategies and tools that would normally take 6 
or 7 h to implement over 2 or 3 weeks.  

    Teacher Knowledge and Professional Development 

 The professional development described here is based on sociocultural theories of 
learning, language-acquisition theories, scientifi c inquiry methodologies, and pro-
fessional development principles. The theoretical framework underpinning this pro-
fessional development brings three areas together: second-language acquisition, 
science, and successful teaching. Researchers agree that successful teaching 
includes the following elements: content knowledge, disciplinary linguistic knowl-
edge, pedagogical content knowledge, pedagogical learner knowledge, and analy-
sis/refl ection (e.g., Darling-Hammond  1999 ; Shulman  1987 ; Walqui and van Lier 
 2010 . See Fig.  4.1 ).

      Sociocultural Theories of Learning 

 The present professional development project is grounded in social learning theory 
(Lave and Wenger  1991 ; Vygotsky  1978 ,  1980 ). Participation is an integral part of 
the social learning process, as is dialogue and observation. Children learn through 
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participation and dialogue with others. Social learning is not unique to children, 
however, since it also applies to adults in trade apprenticeships, internships, student 
teaching, and business team and collaborative projects. Vygotsky ( 1978 ) defi ned 
what he called the “zone of proximal development” as “the distance between the 
actual developmental level as determined by independent problem-solving and the 
level of potential development as determined through problem-solving under adult 
guidance or in collaboration with more capable peers” (p. 86). In apprenticeships, 
individuals move from peripheral participation as they demonstrate learning that 
may be considered easy to full participation as they acquire competency (Lave and 
Wenger  1991 ). 

 For teachers, social learning means supporting second language learners, via 
cooperative learning with other students, to learn discipline-specifi c knowledge and 
discourse over time, even though the students’ English may be at the beginning or 
intermediate level of profi ciency. Preservice teachers are introduced to cooperative 
learning in the classroom with the third graders, since it is part of the small-group 
tasks, the jigsaw reading, and then followed by a discussion of the cooperative 
learning principles in the afternoon refl ection sessions. Understanding how to orga-
nize a cooperative learning environment is key to student learning. 

 Cooperative learning introduces four important learning principles: (a) simulta-
neous interaction, (b) positive interdependence, (c) individual accountability, and 

  Fig. 4.1    Professional development for preservice teachers earning TESOL and bilingual educa-
tion endorsements       
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(d) equal participation (Aronson and Patnoe  1997 ; Cohen  2014 ; Johnson et al. 
 1985 ).  Simultaneous interaction  involves the teacher dividing the class into small 
groups of three to six students each, who then process information by sharing it 
among themselves—as the teacher observes them, to guide their thinking on the 
topic.  Positive interdependence  involves dividing subject matter into subcategories, 
about which each subgroup is responsible for reporting to the whole class.  Individual 
accountability  requires each student to make a presentation to the small group about 
his or her understanding of the subtopic, and later to make a written summary of his 
or her understanding of all the topics.  Equal participation  entails each member of a 
small group to contribute roughly as much effort as each of the other members. 

 Unlike cooperative learning classrooms, in traditional classrooms teachers on 
average do almost 80 % of the talking, with less than 20 % left for student talk 
(Goodlad  1984 ). Lingard et al. ( 2003 ) found that in classrooms with high numbers 
of students living in poverty, teachers talk more and students talk less. This results 
in superfi cial levels of understanding and critical thinking—in other words, less 
engagement with concepts. Traditional whole-class structures result in unequal par-
ticipation because the high-achieving extroverted students usually raise their hands 
quickly to answer the teacher’s questions (Johnson et al.  1985 ; Quinn et al.  2012 ).  

    Language-Acquisition Theories 

 The language-acquisition model used in this project is based on Krashen’s ( 1988 ) 
concept of comprehensible input and Scarcella’s ( 2003 ) concept of academic lan-
guage. Comprehensible input refers to the understandable messages to which stu-
dents must be exposed in order to acquire a language. Academic language includes 
the linguistic foundations in phonology, vocabulary, grammar, sociolinguistics, and 
discourse that are needed for second-language learners to complete assignments in 
various subjects. For example, academic language includes the use of sophisticated 
sentence structures and the use of multisyllabic Greek and Latin words. Furthermore, 
students who have receptive and productive academic language can extract meaning 
from increasingly diffi cult texts, show relationships among ideas, summarize con-
cepts, infer meanings, and evaluate evidence and arguments (Scarcella  2003 ; Swain 
and Canale  1980 ). While this language distinction is often applied to English lan-
guage learners, academic language is not a concern exclusive to second-language 
learners—social language and school language are concerns for many learners.  

    Professional Development and Successful Teaching 

 Gándara et al. ( 2005 ) recommended that school districts give a high priority to the 
professional development of their teachers because many mainstream instructors 
are not prepared to work with English language learners. In the United States, 
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second language learners acquire varying levels of English competency, but not all 
attain the academic level necessary for reading and writing across subject matter 
such as mathematics, science, and social studies. Hence, teachers need to be pre-
pared to teach English for a wide variety of contexts in order to meet the rigorous 
standards of their entire curricula. 

  Content Knowledge     which is the foundation of teaching, includes knowing the core 
ideas of the various disciplines and relating those to each other. Teachers need to 
understand how inquiry is organized by the different disciplines (e.g., Darling- 
Hammond  1999 ; Shulman  1987 ). For example, scientists reason and support ideas 
differently from the way historians or mathematicians do. In science, introducing 
appropriate content knowledge, such as life, physical, and earth science to young 
children is key to their later foundational science knowledge. Observing, gathering 
evidence, constructing explanations are foundations in the development of students 
scientifi c understanding.  

  Pedagogical Content Knowledge     includes understanding how specialists teach 
their various disciplines to students. In other words, teachers must be able to orga-
nize ideas in science, history, mathematics, and language arts for primary grade and 
intermediate grade students in ways that the children will understand (e.g., Darling- 
Hammond  1999 ; Shulman  1987 ). Insofar as science is concerned, the National 
Research Council (NRC  2012 ) notes that “students cannot comprehend scientifi c 
practices, nor fully appreciate the nature of scientifi c knowledge itself, without 
directly experiencing those practices for themselves” (p. 45). These scientifi c prac-
tices include asking questions, using models, testing ideas, graphing data, interpret-
ing data, and drawing conclusions. Moreover, the National Science Teacher 
Association (NSTA  2004 ) provides the following rationale for scientifi c inquiry in 
the classroom:

  Scientifi c inquiry refl ects how scientists come to understand the natural world, and it is at 
the heart of how students learn. From a very early age, children interact with their environ-
ment, ask questions, and seek ways to answer those questions. Understanding science con-
tent is signifi cantly enhanced when ideas are anchored to inquiry experiences. (p. 1) 

   These statements by the NRC and the NSTA underscore the importance of 
understanding the nature of science through a scientifi c inquiry approach, instead of 
just reading scientifi c facts and concepts to students. Scientifi c inquiry is also 
emphasized by the Next Generation Science Standards (NGSS  2013 ). The scientifi c 
inquiry approach affords opportunities for language learners to use empirical evi-
dence to answer questions they have come up with on their own and to negotiate 
meaning with their peers through empirical observation (Lee and Luykx  2006 ).  

  Disciplinary Linguistic Knowledge     is understanding of the language needed to 
teach an academic discipline or content area. Turkan et al. ( 2014 ) argued that teach-
ers of English language learners need a linguistic base for their disciplinary dis-
course in order to teach the discipline. Knowledge of the disciplinary discourse 
allows teachers to make transparent to second-language learners how to communi-
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cate appropriately, both orally and in writing. In terms of science, the discourse not 
only includes specialized vocabulary, but also includes particular ways of using 
language to describe observations, create hypotheses, and construct explanations.  

  Pedagogical Learner Knowledge     comprises teachers’ understanding of the wide 
range of students’ linguistic and academic needs and designing instruction to which 
they can relate. Tapping into students’ funds of knowledge and being familiar with 
differences in motivation, culture, language, family, and community help teachers 
to respond to students and adapt lessons for them (Darling-Hammond  1999 ; Moll 
et al.  1992 ; Shulman  1987 ). Walqui and van Lier ( 2010 ) noted that an important part 
of teachers’ professional understanding must include knowledge about the language 
and cultural needs of second-language learners. Other dimensions of teacher knowl-
edge include the depth and breadth of the curriculum, which are related to under-
standing how students learn at different age spans and grade levels, and how cultural 
and class differences impact learning. Specifi cally, understanding which concepts 
students can learn deeply and which concepts they can only learn superfi cially 
within the curricula for particular grade levels is key to teacher knowledge (Bransford 
et al.  1999 ; Darling-Hammond  1999 ). For second-language learners at different lev-
els of language profi ciency, teachers are challenged to scaffold lessons for greater 
understanding of concepts (Walqui and van Lier  2010 ).  

  Analysis/Refl ection     Effective teachers analyze and refl ect on their own teaching 
practices and their students’ work, continually asking themselves how they are 
doing at supporting students’ understanding and at structuring their curricula for 
that purpose (Darling-Hammond  1999 ; Dewey  1933 ; Pine  2009 ). Lortie ( 1975 ) 
noted that when teachers fail to refl ect on instructional decisions, their teaching 
becomes imitative rather than intentional.    

    Implementation 

 The preservice teachers met for three consecutive days, from 8:00  A.M.  to 3:30  P.M.  
During the morning period at the school site, I modeled the luminous energy unit by 
using second-language acquisition principles and strategies for bilingual learners. 
The preservice teachers observed the lessons, took notes, monitored the activities 
during the small-group learning, guided the reading on light, and were responsible 
for the inquiries about light. Additionally, on the fi rst day, I did most of the teaching 
and directing of activities; and on the second and third days, the preservice teachers 
led many of the activities (see Table  4.1 ). At appropriate moments, the classroom 
teacher took time to talk to the preservice teachers about her students, their reading 
profi ciencies in both languages, her science curriculum, and her assessments of her 
students.
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   Table 4.1    Overview of the 3-day workshop on luminous energy   

 Day 1  Day 2  Day 3 

 Luminous energy: 
introduction 

 Luminous energy: release of 
responsibility to preservice 
teachers and third graders 

 Luminous energy: third graders 
and preservice teachers working 
together 

  Classroom standards : 
show respect, make 
good decisions, and 
solve problems 

 Preservice teachers  reviewed 
the 10/2 lecture through the 
chart on luminous energy.  
Students had color-coded 
vocabulary cards based on the 
three kinds of luminous energy 
and placed their vocabulary on 
the chart 

  Cooperative strip paragraph . 
Teacher gave a topic sentence, and 
students in groups wrote a detailed 
sentence. Once all sentences were 
placed on the pocket chart, they 
were read and reordered for the 
paragraph to fl ow 

  T-Graph for social 
skills  (focus was on 
Cooperation) 
  Team points  
 Small groups with 
o bservations posters  
& e xploration report  

 Preservice teachers led chants 
on energy and “Lights Here 
Lights There” 

 Preservice teachers led chants on 
energy and “Lights Here Lights 
There” 

  Inquiry charts    Cognitive content dictionary  
(Energy) 

  Sentence patterning  
 Students created sentences using 
adjective, noun, verb, and 
preposition phrases 

  10/2 lecture , g raphic 
organizer , and 
 pictorial input chart 
on luminous energy  

  Home school connection   Results of the home school 
connections. Preservice teachers 
praised students who returned their 
home-school connection paper 
with l iteracy awards  

 “How does your family use 
luminous energy in your home?” 

  Chanted  “Energy Here 
Energy There” 

 Preservice teachers reviewed 
the defi nition and example of 
energy in the cognitive content 
dictionary 

 In pairs, preservice teachers led the 
fi ve experiments on luminous 
energy 

  Focused reading:  
preservice teachers 
observed expert 
group A 

 Preservice teachers led the 
reading with expert groups D 
and E 

 Part 1: preservice teachers 
reviewed the readings with e xpert 
groups  A, B, C, D, and E 

 Then preservice 
teachers led the reading 
with expert groups B 
and C 

 Part 2:  Jigsaw reading  

 When students were 
not in their focused 
groups, they were 
working on  Team 
tasks  

 Each jigsaw group had an A, B, C, 
D, and E member who discussed 
his or her aspect of luminous 
energy 

 Preservice teachers 
handed out l iteracy 
awards  to the small 
groups 

 Preservice teachers handed out 
literacy awards to the small 
groups 

 Preservice teachers handed out 
literacy awards to the small groups 
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      Day 1: Luminous Energy—Connecting Content with Students’ 
Background Knowledge 

 The introductory lesson on energy for the third graders (and preservice teachers) 
used fi ve different observation posters that incorporated different pictures of lumi-
nous energy. The purpose of these fi ve observation posters was to activate students’ 
prior knowledge and to anticipate their scientifi c understanding of luminous energy. 
The pictures for each of the fi ve observation posters were created ahead of time 
(Fig.  4.2  illustrates two of the fi ve observation posters).

   This introductory activity is designed for students to discuss different sources of 
light and how light is used. Students are drawn to the content through the pictures 
and are guided in their discussions by the three questions on the report, which foster 
scientifi c thinking: observing, wondering, and predicting what can happen. The 
observation posters were placed around the room on chalkboards, fi le cabinets, and 
bulletin boards. In small groups of four, the third graders described what they saw, 
posed questions, and predicted what might happen next, as the preservice teachers 
listened in pairs. In several cases, the preservice teachers prompted the students, 
provided vocabulary, and encouraged shy students to participate. 

 To develop students’ discourse in a second language, Gibbons ( 2003 ) recom-
mended that student groups report orally to the rest of the class about their project; 
hence the posters should all be different to pique the interest of the class. The report-
ing not only informs the other students, but also allows the teachers to listen to the 
students’ communication skills and gently guide them with precise tips about 
vocabulary and discourse. The third-grade students’ efforts will be discussed here as 
the lessons were introduced. 

  Fig. 4.2    Two sample light observation posters and the exploration report, a guide for students to 
describe luminous energy       
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 Once all fi ve groups shared their descriptions of the pictures, their questions, and 
their predictions, I asked the class to brainstorm questions about luminous energy. 
Since the students had seen many pictures of luminous energy, several of the ques-
tions they posed were created from the pictures they had observed (see Table  4.2 ). 
In the brainstorming session, some students shared their questions in Spanish (trans-
lated here).

       Pictorial Input Charts 

 I presented a 10/2 mini-lecture together with a pictorial input chart on light, using 
two large pieces of white paper to write down information about the properties, 
sources, and uses of luminous energy in everyday life. As I talked about sources of 
light, I drew pictures and wrote words on the pictorial input chart to illustrate my 
points. For example, as I described the sun as the primary source of light on Earth, 
I drew a picture of the sun on the paper. Figure  4.3  illustrates three aspects of lumi-
nous energy (properties, sources, and uses) that were presented in the mini-lecture 
on two picture charts:

       Preservice Teachers’ Refl ections on the Lessons 

 During the whole-class activities, the preservice teachers listened as I drew the pic-
torial input chart and the labels of the concepts. After lunch, when the preservice 
teachers were back in the university classroom, I asked them to discuss what they 
had observed, how the observation posters could be used as pre-assessment data, 
and the type of learning they thought they had observed. A number of the preservice 
teachers noted that they were familiar with the use of visuals, but that they had not 
thought about organizing the visuals into categories of knowledge (e.g., properties, 
sources, and uses of light). Through inductive inquiry, I asked the preservice 

   Table 4.2    Brainstorming of questions about what students wanted to learn   

 Students’ responses  Translation 

  ¿Como funciona la energía de luces?   How does light energy function? 
  ¿Por qué se ve el arco iris como un arco, como 
el sol?  

 Why do we see the rainbow like an arc, like 
the sun? 

  ¿Cómo las plantas usan energía?   How do plants use energy? 
  ¿Cómo puede pasar la energía [luz] por toda la 
cuidad?  

 How does energy [light] travel throughout a 
city? 

  ¿Como funciona las luces del los farolitos?   How does light energy function in the 
farolitos? a  

   a   Farolitos  are paper bags with candles burning inside  
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teachers how the pictorial input charts could be used for other activities. After some 
paired discussion, one of the preservice teachers suggested that the students could 
be asked to write three paragraphs about luminous energy, either as a whole-class 
assignment or an individual writing activity. The latter could be used to assess both 
content knowledge and writing fl uency. Another preservice teacher noted that dur-
ing independent work or when the teacher assigned center time activity, these post-
ers could be used for students to practice their oral language with partners to 
demonstrate their understanding of the concepts. A third preservice teacher pointed 
out that the labels for the visuals could be phrases and sentences, in addition to 
individual words. In addition to the refl ections, the preservice teachers helped pre-
pared the materials for Day 2 that are described below.  

    Day 2: Working with Luminous Energy 

 On Day 2, the preservice teachers and I reviewed the light energy pictorial charts: 
properties, sources, and uses of light. To make the review interactive, we had written 
the key terms on pieces of sentence strips and distributed these to the students. As 
we reviewed the chart, children came up to it, read their vocabulary sentence strip, 
and placed it on the appropriate space on the chart (see Fig.  4.4 ).

   To help students think about how science organizes information, the preservice 
teachers and I color-coded the charts and the word cards into the three aspects of 
luminous energy (properties, sources, and uses). Although the preservice teachers 

  Fig. 4.3    Pictorial input chart — properties of light ( left ); sources and uses of light ( right )       
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suggested that the students should write a three-paragraph essay about luminous 
energy at the end of the workshop, we ran out of time before the students could do 
this. 

 To help students understand scientifi c discourse, teachers can incorporate songs 
to which they can add facial and hand gestures. Children enjoy singing. I introduced 
the “Lights Here, Lights There” song by having all the students stand up and gather 
around the song chart (see Fig.  4.5 ).

   A preservice teacher and I modeled the song, adding a few hand gestures to help 
with the participation. For example, with the word  here , students pointed near them-
selves; with  there , they pointed away from themselves; and with  everywhere , they 
made a circle with their arms. 

 The science reading activity was organized into a jigsaw cooperative project that 
gave students an extra opportunity to report to their peers about information they 
had read (Aronson and Patnoe  1997 ; Gibbons  2003 ; Vygotsky  1978 ). Five expert 
groups, each one containing four students, read about light. The fi rst group read 
about the primary source of light, the second group read about the secondary sources 
of light, the third group read about the properties of light, the fourth group read 
about how light travels, and the fi fth group read about the human uses of light. 
During the small-group readings, the preservice teachers and I clarifi ed the text, 
students’ understandings of the text, and the scientifi c concepts. According to 
Vygotsky ( 1978 ,  1980 ), learning arises from the mediation in teacher-student and 
student-student interactions. 

 The GLAD Project (OCDE  2011 ) integrates three types of learning: whole-class 
work, small-group work, and individual work. In our three sessions, I fi rst intro-

  Fig. 4.4    Day 2 pictorial charts with science vocabulary cards       
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duced information on light to the class as a whole. Then I directed the third graders 
to work in small groups that incorporated the information from the whole-class les-
sons. The preservice teachers, under my guidance, then led the small guided reading 
groups and the experiments. Finally, the students should have been able to work 
individually on their own learning, but we were not able to fi t this in within the 
3-day workshop. An additional day would provide time for individual work. 

 While visuals and hands-on inquiry activities are supported in the research litera-
ture, these activities by themselves are insuffi cient for second language learners to 
acquire the academic discourses. For example, in science, Gibbons ( 2003 ) recom-
mended that teachers require language learners to report back on the fi ndings of 
their hands-on inquiry to acquire the academic discourse needed for school. 

 The students had opportunities to work in small groups of three or four students 
on all of the activities introduced in the large group. For example, in the small 
groups, students could create their own pictorial chart about luminous energy, their 
own written exploration report, and their own questions about luminous energy. For 
students working in their second language, the small-group assignment provided an 
opportunity to participate with others in the planning and completion of a task, 
while also offering opportunities to ask questions about the task. 

 My afternoon session with the preservice teachers included a discussion of the 
instructional practices that they had observed and what they thought the students 
had learned. The preservice teachers discussed principles of cooperative learning 

  Fig. 4.5    “Lights here, 
lights there” song       
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and how the team tasks were structured to foster simultaneous interaction, positive 
interdependence, equal participation, and individual accountability (Aronson and 
Patnoe  1997 ; Johnson et al.  1985 ). Organizing cooperative learning is a challenge 
for any teacher, especially preservice teachers because their experience with diverse 
learners is usually limited. 

 The preservice teachers analyzed (a) how the songs nurtured the students’ aca-
demic language and knowledge of luminous energy, (b) the kinds of academic lan-
guage the children used during the team tasks, and (c) the planning required for Day 
2. During the refl ection about Day 2, the preservice teachers noted how quickly the 
third graders began incorporating the scientifi c vocabulary and discourse introduced 
on Days 1 and 2. They also noticed the students’ scientifi c discourse during the team 
tasks. Two of the preservice teachers pointed out that a couple of the English learn-
ers asked them what  refl ection  and  refraction  meant. Instead of only learning peda-
gogical theories that can be applied to assist second language learners or bilingual 
learners, the preservice teachers were also asked to predict what the students would 
learn from the strategies and the scientifi c inquiries being put into practice. Most of 
them predicted that the experiments would enhance the students’ scientifi c vocabu-
lary. To be sure that the experiments would run smoothly, and that the preservice 
teachers understood the concepts involved, I monitored as they conducted the 
experiments (Table  4.3 ). This engagement in the inquiry allowed the preservice 
teachers to learn or re-learn luminous energy concepts.

       Day 3: Eliciting Scientifi c Curiosity 

 On the morning of Day 3, the third graders were introduced to light energy experi-
ments for which they had learned the theory on Days 1 and 2. The experiments were 
divided into fi ve small-group centers (Table  4.3 ), which allowed for student-student 
and student-teacher co-construction of meaning about light (Lee and Luykx  2006 ). 

 Each of the pairs of preservice teachers briefl y introduced the materials of the 
fi ve experiments to the students and asked them to create questions about the 

    Table 4.3    The small-group centers   

 Experiments  Description 

  Experiment 1—Properties 
of Light  

 Used transparent, translucent, and opaque materials to 
demonstrate how light travels 

  Experiment 2—Potential 
Energy  

 Used a fl ashlight to demonstrate how energy is stored in batteries 

  Experiment 3—Refraction   Placed a pencil in a clear glass of water to demonstrate how light 
is bent 

  Experiment 4—Properties 
of Light  

 Used a metal ring and water and detergent to blow a bubble and 
place it on a glass slide to observe the colors in it 

  Experiment 5—Refraction 
(Rainbow)  

 Held a glass of water on white paper up to sunlight to observe the 
light refracting the rainbow colors on the paper 
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 experiments. For example, for the potential energy experiment, the preservice 
teachers showed the batteries and the different parts of the fl ashlight. We then 
divided the class into fi ve groups of four students each, one group per center, each 
center monitored by two preservice teachers. We planned to give the students 20 min 
to conduct each experiment at their center and gather data about their inquiries. 
After that, the groups would rotate to the next experiment, until, after an hour, three 
of the experiments had been completed. However, in practice, each group only had 
time to complete two of the experiments. After recess, the students reported the 
fi ndings of their last experiment to the whole class. 

 In the afternoon of Day 3, the preservice teachers and I dialogued about the les-
sons and strategies they had observed. These pedagogical discussions included 
analyses of the students’ oral responses and written work. I asked the preservice 
teachers to share how the experiments progressed with the third graders. The preser-
vice teachers who had been in charge of Experiment 1 (transparency) noted that the 
students enjoyed shining light through the three types of materials and seeing the 
differences. The preservice teachers who conducted Experiment 2 with the fl ash-
lights noted that their students were distracted by the ones who were doing 
Experiment 3 (refraction), so they were not able to hold the students’ attention the 
entire time to explore the different parts of the fl ashlights and how they worked. The 
preservice teachers who had been in charge of Experiment 3 noted how excited the 
students got when they observed the image of the pencil being bent in water. The 
preservice teachers who conducted Experiment 4 noted that the students were awed 
by observing the rainbows in the bubbles. The preservice teachers who had been in 
charge of Experiment 5 noted that the students were delighted by the refraction of 
the white light through water to form a rainbow.   

    Outcomes 

 After examining the interviews with the preservice teachers conducted before the 3 
days in the classroom, as well as the written questionnaires they fi lled out at the end 
of each day, I analyzed the preservice teachers’ perceptions of what they had learned 
about classroom practice for language learners and about the integration of content 
with language acquisition principles. The pre-workshop interviews of the preser-
vice teachers illustrated their theoretical knowledge of second-language acquisition 
and of science concepts that they had learned in their undergraduate courses. Prior 
to the workshop, eight of the ten participants had limited experience with language 
learners. They had only 36 classroom hours to fulfi ll the requirements for a creden-
tial. This is not surprising, because preservice teachers are busy taking undergradu-
ate courses. Hence, their knowledge of teaching and learning was greatly enhanced 
during the professional development sessions. 

 The questions on the written questionnaires during the 3-day workshop asked the 
preservice teachers (a) to describe how the instructional strategies modeled helped 
the students to learn science through a second language, (b) what they thought the 
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children learned in the lessons presented, (c) what problems they saw and how those 
might be solved, and (d) what they now knew about teaching content and language 
acquisition to second-language learners. 

 All ten preservice teachers chose the pictorial chart as the best instructional tool 
to help students learn through a second language. They felt that the visuals greatly 
helped the mini-lecture. Some of the responses included: “The pictorial chart helps 
students say what they already know while teaching new information”; “Great visu-
als for ELLs that help with vocabulary enrichment”; “The charts provide a frame-
work when writing paragraphs”; and “The pictorial charts were fabulous because 
they were so simple, while providing a guide to organizing science information.” 

 Several preservice teachers also praised the sentence strips used to process the 
science information on the second day. For example, one preservice teacher wrote: 
“The taping of the vocabulary cards on the pictorial input chart helped students 
review the information.” Another preservice teacher wrote: “Students appropriate 
the academic language by going back to the vocabulary on the chart.” A few preser-
vice teachers chose to highlight other strategies such as the inquiry charts, the obser-
vation posters, and the cooperative reading of light energy. 

 When I asked the preservice teachers what they thought the children had learned 
about vocabulary and language, several noted that the children were able to work on 
public speaking. One observed that the students had been “guided on essentials like 
a clear and loud voice, standing straight, and keeping hands to their sides.” When I 
asked the preservice teachers if they had learned any new scientifi c concepts, sev-
eral stated that the luminous energy was a good review for them. One preservice 
teacher said “I learned a lot of light energy. I relearned the science and learn to teach 
it, while another noted “I learned a lot of light refraction and refl ection. I have 
mainly worked in kindergarten and working with third graders has helped me to see 
how to organize science content.” Another preservice teacher stated “I learned about 
different types of energy like kinetic energy, different types of light. I learned a lot 
just watching and participating in the hand-on activities about light.” 

 When I asked the preservice teachers to identify problems they had observed and 
how they might be solved, several of them noted that not all the students partici-
pated 100 % of the time in their small groups. A few preservice teachers observed 
that some of the students were confused about the language in the chant (e.g., what 
 refl ection  meant). 

 When I asked the preservice teachers which instructional strategies they already 
knew before the workshop, they mentioned the songs, the inquiry chart, the 
 observation posters, and scientifi c experiments. When I asked them which of the 
remaining strategies they regarded as most effective, they mentioned cooperative 
learning, the 10/2 pictorial input charts, the small-group team tasks, and sentence 
patterning. Overall, they could see how a teacher can merge second-language acqui-
sition strategies and content area pedagogy so that language learners can express 
themselves using scientifi c discourse.  
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    Conclusions, Implications, and Recommendations 

 In the mornings during this 3-day professional development workshop, the synergy 
created among the third-grade students, the preservice teachers, and the workshop 
instructor (this writer) was unique. In the afternoon sessions, the preservice teachers 
worked together with a university professor (again, this writer) to observe and ana-
lyze how teaching and learning can be applied to particular contexts. 

 I modeled how a mix of learning in whole-class and small-group settings led to: 
(a) mediated reading, writing, and oral discourse within the activities, and (b) 
inquiry learning for second-language learners to become immersed in rich scientifi c 
discourse. The preservice teachers observed how the third-grade dual-language stu-
dents expanded their scientifi c learning and their linguistic repertoire, which merged 
the theory of second-language acquisition with the scientifi c concepts learned in 
their undergraduate courses. Furthermore, the preservice teachers refl ected on how 
the science and language arts were merged with language acquisition. They also 
saw how the curricular activities were built on each other to model information for 
students, and how the students enthusiastically engaged in those activities. 

 The classroom teacher, the preservice teachers, and I observed how the third 
graders built their own knowledge of science and were willing to speak in front of 
the class and in small groups about luminous energy. Helping me to plan lessons 
was also key to the preservice teachers’ pedagogical content knowledge and disci-
plinary linguistic knowledge. 

 While this type of professional development—situated in a classroom—is con-
sidered ideal for classroom teachers, it may also be an opportunity for preservice 
teachers to learn more about the complexity of curriculum integration (i.e., science 
and language acquisition). Furthermore, it provides preservice teachers with spe-
cifi c experiences for accommodating their curricula to language learners. Finally, 
this school-university professional development program with dual language learn-
ers has implications for reimagining teacher preparation programs.     
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    Chapter 5   
 Developing an Adaptive Disposition 
for Supporting English Language Learners 
in Science: A Capstone Science Methods 
Course                     

     Sarah     A.     Roberts     ,     Julie     A.     Bianchini     ,     Jin     Sook     Lee     ,     Sarah     Hough     , 
and     Stacey     L.     Carpenter    

          Introduction 

 High quality science teachers are crucial if all students, including English language 
learners (ELLs), are to acquire the science and engineering knowledge and practices 
needed to succeed in our twenty-fi rst century, technologically complex, and glob-
ally connected world (California Council on Science and Technology  2007 ; National 
Research Council  2007 ,  2010 ). In California, 2.7 million students (or 43 % of the 
state’s public school enrollment) speak a language other than English at home and 
1.3 million (or 22 %) are designated as ELLs (California Department of Education 
 2014 ). California serves as the site of the National Science Foundation’s Noyce 
preservice teacher scholarship program, STELLER (STEM Teachers for English 
Language Learners: Excellence and Retention), described in this chapter. Although 
California has been a somewhat novel context, as student demographics continue to 
change across the nation to refl ect similarly the diversity in California, content 
courses focused specifi cally on ELLs will be a necessity in all teacher education 
programs. 

 Our model for effective science teacher preparation in content-based second lan-
guage acquisition is situated in a 13-month, post-baccalaureate teacher education 
program in Central California. Originally, preservice science teachers completed 
two science methods courses, two courses focused on ELLs and English language 
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acquisition, and a yearlong course in professional issues that attended to their expe-
riences in the fi eld. Even with these courses, however, we found that there was 
inadequate space for preservice teachers to understand how to teach science to their 
ELLs, a diverse group of learners who come from different linguistic and cultural 
backgrounds and who have had myriad previous personal and educational experi-
ences. As such, as part of STELLER, we developed a capstone science methods 
course to address this particular need – to better support preservice teachers in 
learning how to teach science in ways attentive to ELLs. 

 In our teacher education program, many preservice science teachers begin their 
courses expecting to receive a list of tools or a set of specifi c strategies that are 
deemed effective for teaching ELLs; however, we have found that such “tricks” and 
tools do not go far enough in supporting ELLs. Our goal is to foster a shift in our 
preservice science teachers from a naïve understanding that they only need peda-
gogical tools or strategies to support ELLs, to the recognition that they need to 
develop an adaptive disposition to engage in refl ection on their teaching of ELLs. 
This shift includes knowing how to identify what resources all students bring to the 
classroom, how to build on students’ understanding to promote deeper learning, and 
how to adequately assess what students have actually learned. 

 Our teacher education program also emphasizes the need to recognize the diver-
sity present among ELLs – as a response to their traditional treatment as a homoge-
neous group of learners who have similar needs and who respond in the same ways 
to pedagogical strategies. Despite the overarching title “ELL,” ELLs are heteroge-
neous, with differing levels of English profi ciency, both socially and academically. 
ELLs bring “a variety of cultural and linguistic experiences” to learning science 
(Lee et al.  2013 , p. 728). Concurrently, science teachers must use a variety of strate-
gies to support ELLs in developing, engaging with, and using the “disciplinary lan-
guage of science” in multiple ways (Lee et al.  2013 , p. 231). 

 In this chapter, we provide the theoretical underpinnings for the intersection of 
ELLs, science, and instructional practice that form the foundation of our capstone 
science methods course. Our course embodies three principles: (1) building from 
students’ funds of knowledge; (2) implementing cognitively demanding tasks; and 
(3) providing opportunities for rich language and literacy exposure and practice. We 
discuss preliminary outcomes from our fi rst cohort of preservice science teachers 
and close with recommendations on the future design of our course.  

    Overview of Teacher Education Program and Capstone 
Science Methods Course 

 The model for our capstone science methods course is grounded in the conviction 
that preservice science teachers require a coordinated, multi-faceted approach to 
teacher development within a safe context to learn about and refl ect on the teaching 
and learning of science to ELLs. The need for a refl ective process in teacher educa-
tion is long standing (e.g., Dewey  1904 ). We extend this refl ection using an inquiry 
model (Tom  1985 ) that is nested in the situated nature of preservice teachers’ 
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work – that acknowledges the preservice science teachers’ physical and social con-
texts as well as their activities as integral to their learning (Putnam and Borko  2000 ). 
Because preservice teachers are student teaching in local secondary science class-
rooms while enrolled in this capstone course, the course emphasizes the mis/con-
nections between theoretical constructs and classroom practice as part of learning 
about and refl ecting on teaching. 

 More specifi cally, to promote refl ection, we engage preservice science teachers 
in multiple cycles of a refl ective process: (a) to learn about attending to ELLs in 
science; (b) to try out ideas presented in the course in their own classrooms; (c) to 
come back to the capstone course to share and refl ect upon those experiences; and 
(d) to devise future plans based on those experiences, refl ections, and feedback from 
their peers and instructor. We also attempt to foster in our preservice science teach-
ers an adaptive disposition, so that these cycles of implementation, data gathering, 
and refl ection become an integral part of who they are as teachers of ELLs. In addi-
tion, our approach moves away from equating effective instruction for ELLs with a 
singular focus on teaching vocabulary terms or other categories of what may consti-
tute science-related academic language (Bunch  2013 ). Rather, we present language 
as an essential mediator of the teaching and learning process (Dutro and Moran 
 2003 ) – by supporting students’ development of sense-making talk across everyday 
and disciplinary-specifi c languages, as well as students’ ability to communicate 
effectively their understanding of core ideas, crosscutting concepts, and practices 
orally and in writing to others (Lee et al.  2013 ). 

 Below, we fi rst introduce our larger model of teacher preparation, which includes 
three course components. We do so to provide readers a sense of how the teacher 
education program is organized to develop preservice science teachers’ knowledge 
and practices over time. We then discuss in detail the three fundamental principles 
of our capstone science methods course, the focus of this chapter. 

    Teacher Education Course Components 

 Our 13-month teacher education program involves three sets of courses and experi-
ences, which we represent as overlapping circles in Fig.  5.1 .

    Component 1: Field Experiences and Professional Issues Course     Throughout 
their entire year, our preservice science teachers take a Professional Issues in 
Teaching Science course. They also engage in student teaching in grades 7–12 sci-
ence classrooms, moving from observer in the early months of the school year to 
classroom teacher in the second semester. These course and teaching opportunities 
allow preservice science teachers to try out and refl ect on their own practice.  

  Component 2: ELL Courses     Preservice science teachers take two courses focused 
specifi cally on ELLs. They complete the fi rst course, Foundations of Academic 
Language, during the summer, and then the second course, English Language 
Development (ELD)/Specially Designed Academic Instruction in English (SDAIE) 
Methods and Procedures, in the fall. These two courses provide preservice science 
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teachers with foundational information about academic language in addition to gen-
eral practices to support reading comprehension and fl uency, English language 
development, and disciplinary content for students learning English.  

  Component 3: Science Methods Courses     Preservice science teachers take three 
secondary science methods courses. Two science education faculty members teach 
these methods courses: a full-time lecturer and a tenured faculty member. Both 
instructors have prior secondary teaching experience and are PI/Co-PIs of the 
STELLER grant. The fi rst two methods courses are offered in the summer and fall, 
respectively. These courses provide preservice science teachers with experiences 
that support their development of pedagogical content knowledge, methods, cur-
riculum design, research, and theory related to the teaching and learning of science 
at the secondary level. The third methods course, offered in the spring and the focus 
of this book chapter, serves to deepen and broaden knowledge and skills acquired in 
the earlier courses. This capstone science methods course is found at the intersec-
tion of the three domains of fi eld experiences, ELL instruction, and science methods 
(see again Fig.  5.1 ). In this course, preservice science teachers apply the pedagogi-
cal theories, principles, and practices of second language acquisition to the disci-
pline of science. In particular, they examine ways to effectively teach the 
disciplinary-specifi c language, core ideas, and practices outlined in the  Next 
Generation Science Standards  (NGSS; NGSS Lead States  2013 ) to students in their 
classroom.   

    Capstone Science Methods Course Model 

 Our capstone science methods course is organized around three key principles that 
we expect preservice science teachers to attend to in their instruction. We use these 
ideas to ground the work we do and the conversations we have about ELLs in the 
teaching and learning of science. As stated above, these broad ideas go beyond 
strategies and tools to provide the foundation for an adaptive disposition for teach-
ing ELLs in science classrooms. 

  Fig. 5.1    Visual model of 
the three key components 
of the teacher education 
program for preservice 
science teachers       
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  Funds of Knowledge     Our fi rst principle is  building on and using students’ funds of 
knowledge and resources  (Lee et al.  2008 ; Moll et al.  1992 ; Moschkovich  2002 ) in 
the teaching and learning of science. Preservice science teachers are encouraged to 
attend to this principle by examining their ELLs’ cumulative fi les to identify English 
language competency; having conversations with or giving surveys to students to 
identify ELLs’ prior schooling experiences, life experiences, and community 
resources; appreciating the diversity of ELLs by identifying the multiple languages 
and different dialects students speak, and/or the varying levels of literacy they pro-
duce and display; using community resources to make science relevant and mean-
ingful; and recognizing and utilizing their ELLs’ native languages and cultural 
knowledge as resources for learning. One way science teachers can accentuate stu-
dents’ funds of knowledge in their classrooms is to connect their science instruction 
to local and indigenous cultures and communities. For example, Chinn ( 2007 ) 
encouraged science teachers in Hawaii to study sustainability and biodiversity, to 
learn from local elders about traditional practices, to monitor and restore local eco-
systems, and then to integrate local knowledge into their science lessons.  

  Cognitively Demanding Work     The second principle in our model is  providing 
students with cognitively demanding work  (Lee and Fradd  1998 ; Tekkumru-Kisa 
et al.  2015 ; Tobin and Kahle  1990 ; Understanding Language  2013 ). We draw from 
Lee et al.’s ( 2013 ) discussion of the NGSS to inform our recommendations for the 
kinds of analytical tasks students should complete: These analytical tasks should 
require students to move away from “detailed facts or loosely defi ned inquiry” 
(p. 223) to focus instead on the practices (including those practices deemed 
language- intensive), crosscutting concepts, and core ideas identifi ed in the 
NGSS. Teachers must ensure activities and assignments are made accessible to 
ELLs without reducing the cognitive demand of such tasks. They can incorporate 
this principle into their instruction by including visuals, introducing complex lan-
guage structures gradually, identifying which contexts ELLs need help understand-
ing, determining what realia facilitate understanding of tasks, actively engaging 
their students in NGSS science and engineering practices, and asking students to 
connect science concepts to everyday life, their sense of place, and/or socioscien-
tifi c issues. In Rosebery et al.’s ( 2010 ) example of cognitively demanding work in 
science classrooms, a teacher and her 9–11 year-old students investigated heat 
transfer and the particulate nature of matter, topics students usually learn in middle 
or high school. From their engagement in a number of investigations and simula-
tions, students were able to develop an understanding of and an ability to explain 
these scientifi c concepts. Cognitively demanding work in science entails engaging 
students in the work of science.  

  Opportunities for Rich Language and Literacy Exposure and Practice     Our 
third principle is  providing students opportunities for rich language and literacy 
exposure and practice  (Bleicher et al.  2003 ; Khisty and Chval  2002 ; Khisty et al. 
 1990 ; Lee and Buxton  2013 ; Lee et al.  2013 ; Moschkovich  2007 ). Science teachers 
must offer ELLs multiple pathways to learn the “disciplinary language of science” 
(Lee et al.  2013 , p. 231) by creating opportunities to receive comprehensible input, 
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to produce comprehensible output, and to engage in negotiations of meaning that 
will advance their English language acquisition, their mastery of the disciplinary 
language of science, and thus, their science learning. Preservice science teachers 
can address this principle by orchestrating discourse and engaging their ELLs in 
using multiple modes of communication: speaking, listening, reading, and writing. 
In other words, teachers can model target language (e.g., what science argumenta-
tion looks like); use sentence frames; encourage students’ use of their home lan-
guages; promote any language register/discourse with which ELLs are comfortable; 
and use gestures, models, and graphics/visuals. To encourage ELLs’ use of disci-
plinary language aligned with the NGSS, teachers can ask ELLs to prepare written 
or verbal arguments, construct explanations or design solutions, develop questions 
and critiques to evaluate scientifi c information, and/or provide summaries of scien-
tifi c information for specifi c audiences or purposes (Lee et al.  2013 ).    

    Capstone Science Methods Course for ELLs: Implementation 
and Materials 

 As explained above, the capstone science methods course was developed pedagogi-
cally around the ideas that preservice teachers should consistently be engaged in 
cycles of refl ection and that they should attend to the three key principles of ELL 
instruction. The course, held in the spring, is 10 weeks long and meets once a week 
for 3 hours. The instructor and preservice science teachers spend approximately 3 
weeks focusing on each of the course’s three key principles. Students read about 
each principle, conduct observations and write refl ections, and discuss their thoughts 
in class. When possible, we include examination of video records of teaching from 
the preservice teachers themselves or from other sources available online. Further, 
while completing this course, preservice teachers also teach in a secondary science 
classroom; they plan and carry out instruction as the teacher of record in one class 
period. 

 Below, we discuss two specifi c examples from our capstone course that focus on 
the intersection of the three circles shown in Fig.  5.1 : (1) video records and (2) 
observations and refl ections. These activities and assignments provide our preser-
vice science teachers with the space and structure to enact the refl ective process in 
their work with ELLs and to begin to develop an adaptive disposition. 

    Video Records 

 Examining classroom video records is our fi rst example of an activity we include in 
our capstone methods course. This activity is implemented several times across the 
course. It allows preservice teachers to view a permanent record of their own or oth-
ers’ practice from multiple perspectives (van Es and Sherin  2010 ) and helps foster 
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conversations investigating teaching and learning (Borko et al.  2008 ). As stated 
above, video records are selected from preservice teachers’ own classroom practice 
or from video collections of teaching available online. In the former instances, 
preservice teachers are asked to share a video segment from their edTPA (  www.
edtpa.com    ), a portfolio of materials from their clinical student teaching experiences 
submitted as a performance assessment. During and after viewing the video, the 
instructor and preservice teachers engage in content-specifi c discussions that attend 
to academic language and ELLs. Watching these videos creates opportunities for 
preservice science teachers to develop skill sets around asking generative questions 
about their instruction that can positively affect their future growth and develop-
ment. It also supports them in learning how to refl ect on their teaching – how to 
practice enacting a refl ective process during and after they leave the teacher educa-
tion program.  

    Observations and Refl ections 

 The second example from our capstone course is a set of three assignments in which 
we ask our preservice science teachers to complete classroom observations and 
written refl ections related to ELLs. Each observation-refl ection assignment aligns 
with one of our three fundamental principles discussed above.

•     Observation of and Refl ection on an ELL (Due Week 3):  Preservice teachers 
are asked to observe a science lesson in another teacher’s class that includes 
several ELLs. They are to select one ELL to follow during the lesson and to take 
notes on what this ELL says and does. After their observation, they are to write 
a one-to-two paragraph refl ection where they respond to the following questions: 
What successes and struggles did the ELL encounter? How was the ELL sup-
ported (or not) by his or her teacher and/or peers? What implications do the 
ELL’s words and actions have for future instruction? This assignment and the 
subsequent discussion foreground ELLs’ funds of knowledge.  

•    Observation of and Refl ection on Language Demands (Listening, Reading, 
Writing, and Speaking) for ELLs (Due Week 5):  Preservice teachers are asked 
to observe a second science lesson in a class that again includes several ELLs. 
During the lesson, they are expected to take notes on what language demands 
these ELLs encounter. After the observation, they craft a one-to-two paragraph 
refl ection that responds to the following questions: What were the listening, 
reading, writing, and/or speaking demands placed on ELLs? How did the ELLs 
respond to these language demands? What implications do these language 
demands have for future instruction? This assignment and the subsequent discus-
sion focus on the opportunities for rich language in a science classroom.  

•    Observation of and Refl ection on the Teaching of Science for ELLs (Due 
Week 7):  Preservice teachers are asked to observe a third science lesson in a 
class that again includes several ELLs. During this lesson, they are expected to 
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take notes on the various ways the teacher supports ELLs’ participation and 
learning. Their one-to-two paragraph refl ection responds to the following ques-
tions: Which strategies did the teacher use? Which ones specifi cally addressed 
the needs of ELLs? How might you strengthen this teacher’s implementation of 
strategies for ELLs in future lessons? This assignment and the subsequent dis-
cussion highlight how a teacher can provide cognitively demanding work in sci-
ence classrooms for her or his ELLs.    

 Our preservice science teachers complete one of these observations approxi-
mately every 3 weeks during the course in science classrooms at their student teach-
ing sites. On the day the assignment is due, we spend approximately 45 min in class 
discussing the observations and refl ections and considering how they can inform 
subsequent instruction. These three assignments allow our preservice science teach-
ers to examine multiple perspectives on and for supporting ELLs explicitly tied to 
our three key principles for ELL instruction. 

 While our three principles to support ELLs are not novel, our course is unique in 
several respects. It provides preservice science teachers the opportunity to examine 
ELL concepts and strategies grounded both in research and theory and in the con-
text of science student teaching. The use of media and technology, collective discus-
sion, and the refl ective cycle of teaching are emphasized. The course also offers 
sustained study of ELLs’ learning of the discipline of science over an entire term, 
rather than as a single “ELL lesson.” Further, our course supports preservice science 
teachers in developing an adaptive disposition toward working with ELLs in their 
science classrooms.   

    Research on Our Capstone Science Methods Course: 
Successes and Challenges 

 Below, we present fi ndings from our fi rst cohort of preservice science teachers who 
completed the capstone science methods course in Spring 2015. We discuss patterns 
that emerged from our qualitative analysis of these preservice teachers’ individual 
interviews. Our methods and analysis were guided by three research questions: 
How did preservice science teacher participants understand the three principles of 
our capstone course? What successes and struggles did they identify when attempt-
ing to use these three principles to inform their classroom practice? What sugges-
tions did they have for ways to improve the course? 

    Research Methods 

 We conducted and audio recorded individual semi-structured interviews with all 10 
of the preservice science teachers enrolled in the capstone course. Members of the 
research team who were not involved in the course’s design or implementation 
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conducted these interviews at the conclusion of the course. We transcribed each 
interview, coded each fi rst individually and then identifi ed any differences across 
coders, and fi nally met as a team to discuss and to reconcile any differences in cod-
ing. We used fi ve a priori codes: funds of knowledge, cognitively demanding work, 
language rich opportunities, self-perceived needs of preservice teachers to improve, 
and preservice teachers’ suggestions for course improvement. We were interested in 
how and to what extent these preservice science teachers understood and enacted 
the big ideas of the course.  

    Findings 

 Our interview fi ndings are organized into three major sections. In the fi rst section, 
we discuss the strengths and limitations of preservice science teachers’ understand-
ing of the three principles of effective science instruction for ELLs. These principles 
are presented in the order of most to least often discussed by the preservice teachers; 
this order also mirrors the depth and complexity of their understanding of these 
principles. The second section identifi es additional theoretical and practical guid-
ance preservice science teachers stated that they needed to teach ELLs in their class-
rooms. The fi nal section outlines preservice science teachers’ recommendations for 
improving the capstone science methods course.  

    Three Principles of ELL Instruction 

  Language Rich Opportunities     In their interviews, our preservice science teachers 
routinely emphasized the importance of providing ELLs with language rich oppor-
tunities to engage in the academic language and practices of science. These lan-
guage rich opportunities most often began with helping ELLs understand science 
vocabulary terms. Attention to science terms included posting word banks, identify-
ing the Greek or Latin roots of terms, rephrasing defi nitions of science terms in 
multiple ways or asking students to devise their own defi nitions, providing students 
opportunities to observe and/or investigate a phenomenon before introducing a 
vocabulary term, and asking students to practice using the vocabulary terms in 
appropriate contexts. For example, one preservice science teacher participant, 
Bryan, not only reviewed the defi nitions of science terms with his students, but he 
also provided them with practice in using these terms in meaningful contexts as 
well.  

   [In discussing native, non-native, and invasive species, we would identify] plants [and] 
animals, what effects that organism has [on the ecosystem], and then we would discuss is 
that non-native or is it invasive, and then we’d do the whole thumbs up, thumbs down sort 
of discussion with that. So I’ve been trying to focus a lot more on having them actually use 
the vocabulary and practice the vocabulary in that way, as opposed to me just breaking 
down the defi nition. 
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   Most preservice science teachers also described specifi c ways they supported 
their ELLs in listening, reading, writing, and speaking the academic language of 
science. They were aware that their ELLs, at times, struggled to understand parts of 
lessons, experienced frustration when completing tasks, and/or were reluctant to 
express their ideas. As such, our preservice science teachers employed various scaf-
folds to address academic language demands. These included using visuals along 
with text in worksheets, assessments, and PowerPoint presentations; providing peer 
support, for example, implementing think-pair-share and small group activities; 
providing writing support, for example, using scaffolded notes, sentence starters, 
templates for well-argued paragraphs, and/or a series of questions that students fi rst 
answered and then used to construct an argument; and providing students the space 
and opportunity to speak in both their home language and in English. For example, 
Nancy listed the varied ways she and her cooperating teacher attempted to support 
ELLs’ understanding and participation in her science class: “So we scaffold work-
sheets a lot. We give sentence starters. We do pair share. We also have a lot of dif-
ferent ways of presenting information. So we have a lot of visuals.” 

 Less common, however, were discussions of ways preservice science teachers 
went beyond science terms and scaffolds to engage their students in more complex, 
language rich opportunities. A few preservice teachers discussed writing assign-
ments and/or debates they implemented to help students make connections between 
the science concepts they were learning and socioscientifi c issues relevant to their 
everyday lives. As one example, Kim asked students in her conceptual physics 
course to write letters to a cell phone company.

  [In these letters, students were to discuss] if the waves from cell phones cause cancer or not. 
And so we were getting at ionizing versus nonionizing waves and longer versus shorter 
wavelengths [through this letter writing assignment]. We provided them with a couple arti-
cles and then also encouraged them to [conduct] research their own. 

 As a second example, Monty asked his students to construct an evidence-based 
argument after they read a narrative from a girl who lived along the Gulf of Mexico – 
“about how eutrophication is affecting her dad’s business, and the investigations 
that she did to fi nd out what the cause of the eutrophication was.” Students peer 
edited the initial drafts of others, learning about constructive critique in the process. 

 Thus, although the preservice teachers seemed to have attained a good grasp of 
the various pedagogical strategies that are employed to support vocabulary learning 
among ELLs, their breadth and depth of understanding about how to support ELLs’ 
language development beyond the lexical level was limited. Perhaps expertise in the 
design and implementation of language rich opportunities cannot be attained in a 
single year of teacher education. Still, a more explicit focus on how to support lan-
guage development at the sentential and discourse levels during the capstone sci-
ence methods course appears to be needed. 

  Cognitively Demanding Work     We found preservice science teacher participants 
talked less about cognitively demanding work than they did about rich language 
opportunities. In their descriptions of classroom practice, they identifi ed a number 
of common elements among activities and assignments that made these tasks 
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cognitively demanding yet accessible to ELLs. These elements included hands-on 
work, collective classroom experiences, connections among ideas, connections to 
everyday life, and opportunities for students to construct their own arguments or 
solutions. Most commonly, the preservice teachers discussed using “hands-on” 
activities to provide tangible, concrete examples and experiences for students to 
better understand and remember concepts. For example, Riley included dissections 
in her biology instruction: “So we try to do a lot of hands-on stuff…. We did a lot of 
dissections, just something to make it really, really concrete. It seemed to help. They 
were grossed out, but you know, they will remember that.”  

 Some preservice teachers went beyond hands-on activities and described more 
substantive, powerful ways of engaging students in cognitively demanding work. 
They created opportunities for students to draw from a collective classroom experi-
ence, required students to make connections among concepts, and/or contextualized 
science concepts in real-life situations. For example, to introduce the topic of elec-
tromagnetism, Kim fi rst had her students fi gure out how to build an electromagnet, 
a cognitively demanding task. Building electromagnets oriented her students to the 
topic and served as a reference for students as they further developed their under-
standing of the concept of electromagnetism. As Kim described:

  Before we knew anything about electromagnets, for example, I had them build them to get 
them to work. Then we could talk about all the parts and what was going on. Not just for 
ELLs, but for everyone, they can have something tangible to relate it to. 

   Only a few preservice science teachers discussed cognitively demanding tasks 
that provided their students opportunities to construct their own arguments or solu-
tions, that is, cognitively demanding tasks that were also language rich opportuni-
ties. Kim’s cell phone letter and Monty’s evidence-based argument assignments, 
discussed above under language rich opportunities, are two such examples. Kim 
emphasized this point of intersection when recounting a second writing assignment 
where students constructed their own solutions to a hypothetical energy crisis: 
“Because it was their thoughts, they could write more.” In short, in the capstone 
science methods course, a more concerted effort to examine tasks that are both cog-
nitively demanding and language rich appears fruitful and necessary. 

  Funds of Knowledge     In contrast to the two principles discussed above, we found 
that preservice teachers did not explicitly discuss how they used students’ funds of 
knowledge to inform their instruction of ELLs. Most preservice teachers 
 acknowledged the importance of “knowing” their students, including having an 
awareness of their students’ fi rst languages, English language competencies, back-
grounds, and interests. Although this as a valuable starting point for building from 
and using students’ funds of knowledge, movement from knowing students’ inter-
ests to enacting lessons that explicitly build from their resources is needed.  

 We did identify two preservice teachers who went beyond simple acknowledge-
ment to take concrete steps to better understand their students; although, they, too, 
did not fully address how they built from students’ funds of knowledge in their 
instruction as a result. As one example, Riley interviewed several of her students 

5 Developing an Adaptive Disposition for Supporting English Language Learners…



90

about their science experiences outside of school for her Master’s thesis. She found 
that a number of students did science outside of school, including at home and in the 
Boy Scouts. She learned that her students enjoyed “making things,” which she 
thought fi t well with the engineering emphasis in the NGSS. However, she did not 
clearly discuss how she used this knowledge of her students in her teaching. As a 
second example, Alison surveyed her students and found that they liked “creative 
activities.” She thought that was why her students enjoyed an activity where they 
had to model a DNA strand using beads. However, she did not specify that she 
implemented this activity because she knew her students liked creative activities. 
Thus, instilling a better understanding of how students’ funds of knowledge can be 
integrated and utilized as a resource in the teaching and learning process is another 
aspect of the course that requires improvement.  

    Preservice Science Teachers’ Self-Perceived Needs 

 In this section, we address self-perceived challenges and needs that the preservice 
science teachers thought remained after the completion of the course. Nine of our 
10 preservice teachers commented on perceived needs that included knowing how 
to differentiate instruction for ELLs, to motivate students, to increase opportunities 
for ELLs to participate in class, to develop effective lessons, and to address gaps in 
their own knowledge of science content. Of these categories, the most commonly 
identifi ed challenges were knowing how to identify the needs of ELLs, closely fol-
lowed by how to better differentiate instruction for students and how to motivate 
students. 

 At the end of the course, all preservice science teachers continued to struggle 
with knowing how to identify the needs of their ELLs. Moreover, this very skill was 
closely associated with their other perceived challenges of differentiating instruc-
tion and motivating students. That is, in order for preservice teachers to know how 
to differentiate instruction appropriately and effectively for students and to motivate 
them so that they were engaged, actively participating, and asking questions, they 
needed to begin with a good understanding of who their students were and what 
their needs were. In his response, Ken identifi ed not only the need to better under-
stand “developmentally where high schools students are,” but also commented that 
“the lesson planning aspect of making sure that the lessons are going to accommo-
date ELLs is…an ongoing thing that I still need to practice.” In short, preservice 
teachers recognized the value and importance of attending to the needs of their 
students; however, they required more practice with identifying these needs. 

 As introduced above, the lack of practice in identifying the needs of students also 
seemed to be the basis for the diffi culties preservice science teachers perceived in 
differentiating instruction, in particular for ELLs. Hugh commented:

  I think differentiation is one of my biggest challenges. There’s just – especially in this last 
placement – there’s such a varying degree of performance in different areas even. So there’s, 
you know, varying levels of ELs. And then, there’s varying levels of math ability. And then 
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there’s varying levels of content mastery as well....I had over 30 students in a conceptual 
physics class and there’s just – it’s so hard to meet the needs of every individual student....I 
think there’s a lot of students whose needs weren’t met 100 percent. And, I struggle 
with that. 

 Hugh continued:

  I think I still struggle with differentiating between an ELL struggling with content and 
struggling with language needs. I think it can be really easy to misdiagnose a struggling 
ELL as not understanding the content when it could be both. I mean, it could be [that] 
they’re not understanding the content because their language needs aren’t being met. 

 Hugh’s comments identify a critical gap in the fi eld’s understanding of how to sepa-
rate language issues from content comprehension issues and whether distinguishing 
the two completely is even possible because of the way that language and content 
are so tightly intertwined. Again, the preservice teachers recognized and understood 
that there was a need to differentiate instruction, however, the actual practice of dif-
ferentiating instruction, especially for ELLs, appeared beyond their expertise. 

 A third commonly perceived need of the preservice science teachers was know-
ing how to motivate students to learn both science content and academic English. 
For example, Monty commented:

  I defi nitely think the readings we did and the types of discussions and activities that we 
were doing in the class just made me question engagement in students, and how I was say-
ing, how students can all be engaged in an activity or be participating in an activity, and how 
those two things are different. Also, how can I ensure that one student doesn’t feel…
excluded from an activity because they don’t have the reading comprehension skills to 
participate in it. 

 Working with ELLs was a signifi cant challenge, because in order to support ELLs’ 
language development, the preservice teachers recognized the importance of creat-
ing continued opportunities for ELLs to be exposed to and able to use their English. 
Therefore, preservice teachers saw the need to motivate students in two ways: to 
keep students engaged and interested in learning science and to support their lan-
guage learning by fostering opportunities to develop their language skills. In sum, 
the preservice science teachers’ perceived challenges centered around their lack of 
opportunities to further develop their actual teaching skills in terms of identifi cation 
of student needs, differentiation of instruction based on those identifi ed needs, and 
sustaining and increasing the motivation of students.  

    Preservice Science Teachers’ Suggestions for Course 
Improvement 

 Finally, we identifi ed recommendations from the preservice teachers about how to 
improve the course. Their recommendations ranged from suggestions about what to 
include in the course to when to offer it. Strongly aligned with the preservice teach-
ers’ perceived needs, the most common suggestion was to provide more time and 
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space for actual teaching practice coupled with feedback about their teaching. For 
example, Bryan talked about how he enjoyed opportunities in class to refl ect on 
what had worked in his teaching of a lesson in terms of supporting ELLs and why. 
He wanted more of those opportunities:

  It’s not like we can necessarily ask what strategy works for this and that. It depends on the 
student. It depends on the situation. So I don’t feel like there’s too much that could really 
enhance it. I like the activities that we’ve done [in the course]. Maybe there should be just 
a little bit more introspection. Actually, we’ve done quite a bit of it and it’s been really nice, 
but refl ecting on my own work is something I try to do as much as I can, but being forced 
to do it is helpful, too. 

 Bryan and other preservice teachers emphasized that scaffolded refl ection, where 
they could receive guidance and structure in their own refl ections of their teaching 
practices, as well as where they could receive explicit feedback about their peda-
gogical ideas from others, would be highly benefi cial. 

 As their second most mentioned request, preservice teachers also asked for more 
examples of teaching activities appropriate for ELLs from the disciplines of chem-
istry, physics, and earth sciences, in addition to biology. As novice teachers, it was 
diffi cult for them to digest examples given in class and to translate them into their 
own specifi c teaching contexts. For example, Riley, a candidate earning her biology 
credential, commented:

  I like picking apart the lessons that people present and I’m sorry that there isn’t the diversity 
[of science disciplines] among topics. But the majority of us are life science teachers, which 
means that the majority of the things [covered in this class] will be life science topics, which 
is unfortunate for the physics and chemistry candidates. 

 Alison’s request for more variety was connected to her own perceived need to better 
understand her content: “I would have liked it to be a physics class with ELLs, but 
that’s just partially because I would like a better background in physics.” The sug-
gestions for more varied examples might be satisfi ed if preservice teachers were 
provided more time and opportunities in class to implement their pedagogical ideas 
and strategies specifi c to their individual teaching contexts. 

 Half of the preservice teachers suggested adding even more opportunities for 
practice in writing and planning lessons with subsequent peer review and/or self- 
refl ection. For instance, Alison stated: “It would be cool to bring in an idea of some-
thing we’re planning and then plan it out with our peer support, particularly with 
that eye on English learners and how we’re going to support them in that lesson.” 
Similarly, Bethany stated that they should be encouraged:

  to write a little bit more curriculum, with an emphasis on supporting ELLs….I think if we 
were to go back to those fi rst units we saw [in our placements] and rewrite to have an ELL 
focus for a lesson that you saw your CT [cooperating teacher] do, I think that could be super 
benefi cial. 

   Finally, several preservice teachers’ requests for improvement were connected to 
the timing of the course; preservice teachers thought the course should be scheduled 
earlier in the program. However, revising the timing of the course for future offer-
ings may not be easily accommodated due to the constraints of other programmatic 
needs.   
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    Implications 

 The fi ndings presented above make clear that learning to teach science to ELLs is a 
complex and uncertain process. While our course provided opportunities for preser-
vice science teachers to better understand their ELLs and how to support them in 
science instruction, we were disappointed by the reach of our course. Here, we 
provide suggestions for moving forward with the next iteration. As one example, we 
found that our preservice teachers did not discuss our three key ELL principles in 
the depth and detail we had hoped for at the conclusion of the course. In particular, 
one of several aspects of the capstone course that could be improved is closer atten-
tion to ELLs’ funds of knowledge and instructional needs. We found no examples of 
our preservice science teachers discussing their students’ funds of knowledge as 
resources they could elicitly build from during their instruction. More clearly defi n-
ing and explaining the three key principles of effective ELL instruction to our pre-
service science teachers, as well as providing additional concrete examples of each 
principle in action will be important in future iterations of this course. 

 As a second example, preservice teachers identifi ed meeting the needs of ELLs, 
in terms both of knowing what those needs were and how to differentiate instruction 
to meet those needs, as gaps in their understanding that remained even after comple-
tion of the course. One suggestion preservice teachers made for course improve-
ment could help address this challenge. Creating, practicing, and refl ecting on 
lessons with their peers could help preservice teachers better identify ways to tailor 
their instruction to their ELLs’ strengths and needs. Although we had incorporated 
several opportunities for preservice teachers to do so in the course, apparently they 
were not enough. Preservice teachers wanted frequent and regular practice with and 
feedback on lessons to effectively refl ect on their practices. A second suggestion 
would be to create additional in-class activities and assignments that focus specifi -
cally and repeatedly on learning about their ELLs, recognizing the heterogeneity 
within this group of students, and learning to design lessons that identify and build 
from their diverse strengths. Finally, a third suggestion would be to extend our pre-
service teachers’ conceptions of supporting language development from the lexical 
to the discourse level, perhaps through the use of rehearsals of discourse practices 
(Lampert et al.  2013 ) that preservice science teachers might use with their ELLs.  

    Conclusion 

 We know that there is no one-size-fi ts-all approach to supporting ELLs. We also 
know that, to teach ELLs well, preservice teachers need a strong understanding of 
ELL issues, including theories of second language acquisition, science content and 
methods, and classroom context. In the context of our teacher education program, 
then, our capstone science methods course attempts to create a designated time and 
space for preservice teachers to gain hands-on experiences and to experiment with 

5 Developing an Adaptive Disposition for Supporting English Language Learners…



94

and refl ect on strategies with peers and instructors – to learn to support ELLs’ 
learning in the context of their actual classroom practice. We attempt to prepare 
beginning science teachers to become refl ective practitioners who are able to 
recognize the needs of individual ELLs and to formulate and adapt strategies that 
best support individual ELLs to attain their learning goals. Findings from our fi rst 
year of implementation make clear that we can certainly improve this capstone 
course. Still, our goal remains to foster the development of an adaptive disposition 
so that preservice science teachers can effectively work with their unique and 
diverse group of ELLs, not only as student teachers in a temporary placement but 
also as beginning teachers in their own science classrooms.     
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    Chapter 6   
 Preparing Pre-service Secondary Teachers 
to Teach Science to English Learners: Theory 
into Practice                     

     Trish     Stoddart     ,     Jorge     Solis     ,     Edward     G.     Lyon     , and     Sara     Tolbert    

         Introduction 

 This chapter focuses on the preparation of pre-service teachers to teach science to 
English Learners (ELs) and is based on the SSTELLA (Secondary Science 
Education with English Language and Literacy Acquisition) project that has been 
implemented in four pre-service teacher education programs in Arizona, California 
and Texas, all states with large populations of ELs. The project addresses two 
national priorities: (1) improving the preparation of teachers to work with the rap-
idly expanding population of ELs; and (2) implementation of the Next Generation 
Science Standards (NGSS) (NRC  2012 ) and Common Core State Standards for 
English Language Arts (CCSS ELA) (CCSI  2010 ). These two agendas are inter- 
related: research on effective teaching practices for ELs has demonstrated that inte-
grating English language and literacy development in contextualized instruction in 
science increases ELs achievement in both science, and academic language and 
literacy (Echevarria et al.  2012 ; Lee et al.  2008 ; Rivet and Krajcik  2008 ; Rosebery 
and Warren  2008 ; Stoddart et al.  2002 ) and the frameworks for the NGSS and CCSS 
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explicitly recognize the fundamental relationship between the teaching of academic 
language and literacy and the learning of school subjects (NRC  2012 ). Currently, 
however, few novice or experienced teachers feel prepared to teach ELs and the 
majority of pre-service teacher education programs do not include explicit prepara-
tion on integrating the development of academic language and literacy into subject 
matter teaching (Ballantyne et al.  2008 ; California Legislative Analyst’s Offi ce 
[LAO]  2007 –2008; Darling-Hammond  2006 ; Gándara et al.  2005 ; NCES  2011 ; 
Villegas and Lucas  2002 ). As expected there are differences across teacher educa-
tion programs that relate to statewide differences in teacher accreditation and as 
well as socio-historical differences with respect to student and teacher backgrounds 
and statewide educational policies. Texas and California for example represent the 
two states with the largest number of second language learners nationally, yet they 
differ greatly in terms of bilingual programs available for students in elementary 
school. Moreover, teacher education candidates in California are mostly graduate 
students as opposed to Texas where the majority teacher candidates are undergradu-
ates. However, novice teachers in all three states must be prepared to teach ELs. The 
goal of SSTELLA project is to provide an explicit practical model of teacher prepa-
ration that can be implemented by the majority of pre-service teacher education 
programs. 

    English Learners, NGSS and CCSS ELA 

 The relationship between science learning and English language and literacy devel-
opment is reciprocal and synergistic. Through the contextualized and authentic use 
of language in scientifi c, mathematical and engineering practices, students develop 
and practice complex language forms and functions while simultaneously, through 
the use of language functions such as explanations and arguments in STEM investi-
gations, students make sense of abstract ideas (Baquedano-Lopez et al.  2005 ; 
Cervetti et al.  2007 ; Lee et al.  2008 ; Ovando and Combs  2012 ; Rivet and Krajcik 
 2008 ; Rosebery and Warren  2008 ; Short et al.  2011 ; Stoddart  2005 ; Stoddart et al. 
 2002 ). This approach to teaching science and English language and literacy to sec-
ond language learners is consonant with the NGSS and the Common Core State 
Standards (CCSS) for English Language Arts (ELA). Four of the eight NGSS sci-
ence and engineering practices are particularly language intensive: developing and 
using models; constructing explanations (science) and designing solutions (engi-
neering); arguing from evidence; and obtaining, evaluating, and communicating 
information. Science content and language intersect as students, for example, con-
struct oral and written explanations and engage in arguments from evidence (Cheuk 
 2012 ; Lee et al.  2013 ), two practices that echo CCSS for English Language Arts. 
Concurrently, the ELA reading and writing standards for literacy in science and 

T. Stoddart et al.



99

technical subjects require that students engage with technical (e.g., lab reports, 
 scientifi c research articles) and non-technical (e.g., newspaper articles, letters to the 
editor) texts that are discipline specifi c by writing arguments, translating written 
information into visual forms (e.g., tables, graphs), and comparing/contrasting fi nd-
ings presented in various sources. Moreover, the pedagogical exemplars described 
in this paper highlight how teachers in California, Arizona, and Texas attempt to 
address both science and language learning for their students. While broader state-
wide language policies can infl uence local classroom contexts for teaching and 
learning science (McEneaney et al.  2014 ), we also take the position that science 
teachers can institute sound pedagogical policies in their classroom for second lan-
guage learners (Langman  2014 ). Secondary science teachers can transform their 
classroom contexts when they put into action science-driven language and literacy 
practices for scientifi c sense-making (Lyon et al.  2016 ).   

    SSTELLA Teacher Preparation Model: Establishing Program 
Coherence 

 The SSTELLA project uses a practice-focused model of teacher education based on 
research demonstrating that the development of expertise in novice teachers is facil-
itated by engaging them in observation, analysis and experience with explicit mod-
els of the instructional approaches they are being prepared to teach (Abell and 
Cennamo  2004 ; Goldman et al.  2007 ; Hewson and Hewson  1988 ; Roth et al.  2011 ; 
Schwartz and Hartman  2007 ; Sherin  2004 ; Thompson et al.  2013 ; Wilson et al. 
 2001 ) and providing them with opportunities to practice these instructional 
approaches with the student population they are being prepared to teach with inten-
sive feedback, coaching and support (Joyce and Showers  1995 ; Speck and Knipe 
 2001 ). However, for this approach to be effective conceptual and practical coher-
ence must be established across the pre-service teacher education program by artic-
ulating the integrated instructional model throughout the coursework and fi eld 
practicum. In many teacher education programs there is no explicit model for teach-
ing diverse learners articulated across the program (Wilson et al.  2001 ). Courses on 
subject matter teaching typically give little attention to the importance of valuing 
and incorporating the linguistic needs and cultural experiences of the students being 
served (Cochran-Smith et al.  2008 ; Godley et al.  2006 ; Lee and Luykx  2006 ; 
Stoddart et al.  2011 ). Issues relating to cultural and linguistic diversity, when taught, 
are presented in separate courses that often focus on social conditions and not peda-
gogy (Ball and Tyson  2011 ; Trent et al.  2008 ; Zeichner  2003 ). In addition, there is 
often discontinuity between the pedagogical model presented in the university 
courses and the teaching practices modeled in fi eld practicum (Stoddart  1993 ; 
Wilson et al.  2001 ). 
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    Video and Instructional Cases 

 The fi rst step in developing SSTELLA program coherence was to defi ne the core 
conceptual and practical framework for the SSTELLA program and develop practi-
cal representations of these practices in instructional cases and videos. The four 
SSTELLA practices – Scientifi c Sense-making, Scientifi c Discourse, English 
Language and Literacy Development and Contextualized Science Activity – are 
based on the intersection between the NGSS and the CCSS ELA practices (see Fig. 
 6.1 ). The instructional cases describe in detail the teaching of a secondary science 
lesson (e.g. how a secondary science teacher could integrate the SSTELLA prac-
tices into a biology lesson). The vignette is followed by commentary on how the 
lesson exemplifi es specifi c elements of SSTELLA instructional practices. Two gen-
eral approaches have typically been used to supporting second language learners’ 
content and language learning in K-12 classrooms: (1) the use of the primary lan-
guage for instruction, often referred to as bilingual education and (2) sheltered 
English instruction strategies (sometimes referred to as Specially Designed 
Academic Instruction in English, or SDAIE). The goal of both approaches is to sup-
port second language learners in the content areas through rigorous academic con-
tent and language skills. SSTELLA examples shown here illustrate how teachers 
incorporate English learners (ELs) into focal science lesson activities and draw 
from their sociocultural experiences by using appropriate SDAIE strategies (i.e. 
graphic organizers, grouping structures, paralinguistic cues, etc.) to augment 

Scientific discourse

Productive use of language while
engaging in authentic scientific 

practices and texts

Productive use of core science
ideas while engaging in authentic

scientific practices and texts

Scientific sense
making English language

and literacy

Contextualized
activity

  Fig. 6.1    SSTELLA instructional practices       
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science content comprehension while also addressing English language develop-
ment skills 1 . SSTELLA practices provide opportunities for students and teachers to 
negotiate and appropriate emerging understandings of scientifi c concepts and prac-
tices through translanguaging and discussions of familiar/home contexts 
(Canagarajah  2011 ; García and Wei  2013 ; Hammond  2001 ; Langman  2014 ; 
Rodriguez  2013 ).

       Language and Literacy Practices 

 A central premise behind the SSTELLA framework is that language is part and 
parcel of all science learning activity and that particular attention to how language 
and literacy are used in the service of science learning supports greater student 
learning of both language and science especially for ELs. While SSTELLA prac-
tices represent an integrated and overlapping approach to science education, three 
specifi c language and literacy practices promote opportunities for English language 
development and access to science content by (1) attending to opportunities for 
student-student and teacher-student interaction, (2) supporting relevant science 
vocabulary and general academic terms, and (3) activating disciplinary literacy 
tasks. All science students benefi t from support and assistance in using the language 
and literacy tasks that surrounds science activities such as reading, creating, and 
using scientifi c models, writing observational records, and presenting and sharing 
data. This attention is especially important for EL students from a range of English 
language profi ciencies (i.e., beginning, intermediate, advanced). SSTELLA prac-
tices focus on scientifi c and engineering practices as the central context that requires 
the use of specifi c receptive and productive language and literacy functions. 
Therefore, understanding and teaching the features of the language of science activ-
ities is not the goal of language and literacy SSTELLA practices but rather serve as 
potential sources for providing feedback and instruction to students when 
appropriate. 

 Deconstructing or even teaching the language and literacy functions in science 
(i.e., often referred to as explicit teaching of academic language), without a focus on 
scientifi c and engineering practices, often misses the ultimate goal of addressing 
both language and content learning. Science teachers can become familiar with the 
language and literacy features of science learning as a way to promote greater access 
to science when using SDAIE strategies (e.g., graphic organizer, jigsaw reading 
groups, quick-writes). The language of science texts for example require making 
sense of dense clauses, hierarchically structured information, and a mixture of gen-
eral academic vocabulary and highly specialized terms. Zwiers ( 2008 ) lists several 
language features in science where science teachers can address, plan for, and even 
distinguish from other disciplinary uses. The following language and literacy 

1   These strategies however need to be considered carefully to sustain nature of science activities 
being addressed. 
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 features of science texts describe the varied nature of language use in science class-
rooms (Zwiers  2008 ):

•    Describe procedures explicitly with procedural language, such as measures, 
observe, calculate, graph, record, watch, place, make, seal, hold, predicts, 
remove, examine, prevent, dissolve, attach, connect, mark, insert, and align. 
These are used mostly in lab directions and lab reports.  

•   Use many new and big words with new meanings, many of which are nominal-
izations, such as condensation, refraction, induction, resonance, reaction, radia-
tion, fusion, erosion, and most other –ation words  

•   Describe relationships of taxonomy, comparison, cause and effect, hypothesis 
and interpretation. Unlike language arts and history, science texts have few sto-
ries or narratives. The text structure is dense and hierarchical (topic, subtopics, 
details).  

•   Connect abstract ideas illustrated by various media. Photos, diagrams, graphs, 
charts, math and chemistry symbols, lab experiences, and text all overlap to com-
municate concepts.   

These language and literacy features in science classrooms are not exhaustive but 
more importantly, should be understood as generic language and literacy features 
that will differ and change depending on the scientifi c and engineering practices 
implicated and the accompanying materials used. However, understanding the lan-
guage and literacy features and related tasks in any given science lesson can help 
teachers support students who may have more diffi culty with certain language 
practices.

    9th grade example: Mrs. Bird and the Chronology of the universe     

 The following classroom example of a 9th grade teacher (Mrs. Bird) using 
SDAIE strategies involves a science lesson in California. The ELs 2  in this class are 
considered mostly intermediate English language learners as tested by the California 
English Language Development Test (CELDT). The lesson focuses on the chronol-
ogy of the universe since the Big Bang. Albeit with some challenges, the following 
example illustrates some of the ways that language and literacy activities in science 
serve to move forward complex and authentic understandings of scientifi c concepts 
and practices. SSTELLA pre-service teacher (PSTs) used examples like this to 
come to learn how to notice and analyze their own teaching practices as well as 
those of their mentor teachers. In this case, PSTs were introduced to the overall 
context of the lesson and asked to view four selected video-clips approximately 

2   EL or English Learner/Limited English Profi cient terms are used in many offi cial state and federal 
policies to refer to students acquiring a second language in school. We acknowledge that these 
terms are problematic terms because these students are very diverse from age of arrival to the U.S., 
to profi ciency in the primary language, and prior academic preparation among other signifi cant 
differences. ELs can’t be defi ned as a homogeneous or absolute group; moreover, state assess-
ments used to classify EL designations and language levels differ from state to state. The term 
“EL” moreover is a restrictive identifi er that fails to acknowledge non-English primary languages 
and the emergence of bilingual abilities. 
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2–3 min each before coming to class. They were asked to note instances where the 
teacher engaged students in understanding the tasks related to the universe timeline 
activity and how the teacher supported students’ understanding of key science con-
tent and literacy. During the class session, PSTs were engaged in a discussion where 
they had to identify specifi c aspects of the lesson related to language and literacy 
development. The following are some guiding questions used in the noticing proto-
col used with this video example:

•    What kind of visuals, gestures, questions, or other strategy does the teacher use 
to explain key words and phrases? What about fi gurative language references 
like “soup of things” or analogies?  

•   When the teacher asks a pair of students “how are we going to fi x it” pointing to 
a student illustration representing their universe timeline epoch from the reading, 
what kind of writing feedback does the teacher provide? How does she do this?  

•   Does the lesson provide students an opportunity to  develop and use models.  Did 
you agree or disagree? If you agree, how are students in any way developing, 
revising, and/or using models to illustrate or predict the relationship between two 
or more parts of a concept or system? If you disagree, how could this lesson 
example connect classroom activities more closely to developing and using mod-
els in science?   

The lesson also illustrates areas where the teacher could have extending further the 
development of language and literacy without diluting the scientifi c practices: 

  Mrs. Bird lists two lesson objectives for this lesson where students will be able to 
describe the timeline of the universe by completing a collective class timeline and 
will able to explain the theory of evolution through different forms of evidence. 
Every pair of students received a reading section of a larger document representing 
an era of the universe since the Big Bang. The focal activity during the lesson is for 
students to work in pairs interpreting a jigsaw reading and then sharing index card 
summaries from the reading to make a collective classroom timeline. Once students 
complete their reading and notes on their index card they are asked to hang their 
index card on a yellow string hanging in the back of the classroom. Of note here is 
that before completing the classroom timeline on a string, the teacher worked 
closely for the majority of the class period with students in pairs and one-on-one to 
help students summarize their understanding of the reading. The teacher rotated 
through each pair helping students with understanding the reading and the writing 
task. Students were asked to draw an image on the other of their index card describ-
ing their era. During several instances Mrs. Bird provided help by simply reading 
aloud sections of the reading to pairs and thereby, helping students hear the pronun-
ciation of unfamiliar terms. She often asked questions like “how can you put that 
into different words?” and “what does transition mean?” as students summarized 
their reading. When a pair of students had diffi culty creating an image of their 
epoch, the teacher engages them by asking a series of questions such as “what 
would it look like”, “what do you see in your mind”, “is it a giant soup?”, “what is 
it really hot or really cold?”, “what do the particles look like?” and “what’s in the 
center of a nucleus?” In another example, she asks if their image is going to look 
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“like a fl at pancake or something else?” as she gestures with her arms in an up and 
down motion and then opening her palms up. In another instance, Mrs. Bird 
 repeatedly goes back to the same pair noticing that a student’s illustration did not 
appear to be complete. Here the teacher reminds the student pair what it means to 
have charge differences in atoms. She does this by noting that atoms can collide 
much like what happens in a soccer match where players can collide.  

 Throughout this lesson, Mrs. Bird directly addresses the lesson objectives by 
assisting students’ comprehension of the reading, which is challenging for most 
students in the class. Most of her support of language and literacy is focused on key 
vocabulary, but it also focuses helping students gain access to the science content 
by:

•    Using visuals, contextual cues, graphic representations, paraphrases, and some 
defi nitions to help students comprehend new vocabulary.  

•   Recognizing students’ developing scientifi c understandings using “everyday” 
words but encourages students to use key terms as appropriate.  

•   Providing opportunities for student to read or write focusing on scientifi c/engi-
neering practices (i.e., asking questions and defi ning problems, developing and 
using models, planning and carrying out investigations, analyzing and interpret-
ing data, etc.).  

•   Using strategies to support discipline-specifi c writing (e.g., constructing models, 
drawing graphic representations of data, etc.).   

This lesson addresses some aspects of developing and using models (Scientifi c and 
Engineering Practice #2) (NRC  2012 ) where students work on revising and using a 
model of the Big Bang “to illustrate and/or predict the relationships between sys-
tems or between components of a system” (Appendix F) as students illustrate their 
impression of particular epochs in relation to the Big Bang. There is an implicit 
reference to creating and using models throughout the lesson. The explicit focus 
remains on reading and writing about the chronology of the universe and in particu-
lar, summarizing the jigsaw reading and illustrating an image of that reading. The 
science lesson culminates with students co- constructing a chronology of the uni-
verse through the hanging of their index cards on the string. This example is an 
instructive example because it also shows the types of support teachers can provide 
students in accessing the language and content of a science lesson through a variety 
of SDAIE strategies. But this lesson also highlights the challenge for ELs often 
observed in secondary school science classrooms where scientifi c and engineering 
practices and reading and writing tasks are not explicitly addressed by the teacher.  

    Experiencing, Analyzing, and Approximating SSTELLA 
Practices in a Secondary Science Method Course 

 The next stage in developing program coherence was to bring the teacher education 
and collaborating school faculty in collaborative professional development to assist 
them in redesigning teacher education courses and fi eld practicum. The science 
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methods instructors (SMI), teacher supervisors and cooperating teachers were 
engaged in analysis of the SSTELLA practices using NGSS and CCSS ELA stan-
dards and the SSTELLA instructional scenarios and video cases. The SMI across 
the four sites spent 6 months working in a team to infuse the SSTELLA practices 
and materials into their science methods courses. Each instructor developed a model 
SSTELLA science lesson to be enacted in their science methods course and devel-
oped course syllabi to engage secondary science pre-service teachers in analysis 
and implementation of SSTELLA practices through (a) an introduction to the the-
ory behind language-science integration, (b) participation in SSTELLA model- 
lesson activities, (c) study of the SSTELLA framework through analysis of video 
and instructional cases and (d) development and teaching of a SSTELLA model 
lesson. Teacher supervisors and cooperating teachers also engaged in professional 
development that included analysis of the SSTELLA practices and training in 
coaching and mentoring using the SSTELLA rubric for assessing student teachers’ 
performance and providing them with coaching and feedback. 

 A key feature of the project intervention was to use the SSTELLA Framework 
(Fig.  6.1 ) to enhance the content and structure of secondary science method courses 
at partner institutions. Four science method instructors met virtually and face-to- 
face over the course of a year to improve self understanding about effective science 
teaching for ELs and how a science method course might best prepare science 
teacher candidates to teach science to English learners while still being responsive 
to the institutional and geographic context. 

  Teaching Practices At the Core     At the core of the method courses was an empha-
sis on discipline-specifi c teaching practices that best leverage learning opportunities 
for a diverse group of students (Ball and Forzani  2009 ; Grossman and McDonald 
 2008 ). According to Windschitl et al. ( 2012 ) these practices need to be: (1) acces-
sible to novice teachers; (2) applicable to everyday work of teaching; and (3) func-
tion synergistically to form a coherent model of teaching and learning so that 
instructional approaches are grounded in theory of how students learn science. For 
the project, these practices were grounded in the SSTELLA Framework. To prepare 
teacher candidates to implement core practices, method instructors along with proj-
ect PIs developed materials to engage candidates in three primary types of activities, 
represented in Fig.  6.2 : experiencing the SSTELLA practices, noticing and analyz-
ing the SSTELLA practices, and then approximating the SSTELLA practices (Abell 
and Cennamo  2004 ; Roth et al.  2011 ; Sherin  2004 ). Figure  6.2  shows how the four 
SSTELLA practices were addressed as part of professional development activities 
with novice teachers. This cycle of learning the SSTELLA practiced involved mod-
eling and approximating SSTELLA practices, experiencing these practices in 
action, and engaging in activities where teachers had to learn how to notice and 
analyze these practices for their development and as a way to provide feedback to 
others.

     Experiencing SSTELLA Practices Through Model Learning Segments     The 
method instructors developed four learning segments (multi-day lessons) that 
focused on a range of grade levels and subjects. Each learning segment modeled 
various ways to contextualize science activity and integrate language, literacy, and 
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science, but through varied emphases. For instance, the model learning segment, 
“It’s about Time,” designed for middle school space science, took candidates 
through the development and use of scientifi c models with strategies to support the 
sense-making process (e.g., visual representations, graphic organizers, hands-on 
materials, etc.) while the lesson, “Antibiotic Resistance of Bacteria,” designed for a 
high school biology class, focused on helping students use their understanding of 
natural selection to engage in authentic science literacy tasks, including close read-
ings of various texts and a written evidence-based explanations. The learning seg-
ments were documented with a similar template that included annotations for how 
it refl ected SSTELLA practices. Each learning segment differed in terms of the 
focal SSTELLA practices that it was meant to model. For example, the lesson “The 
Antibiotic Resistance of MRSA,” (Lyon  2016 ) focused on the core idea of how spe-
cies change over time due the process of natural selection, the scientifi c practice of 
constructing evidence-based explanations, and the SSTELLA practice of English 
Language and Disciplinary Literacy Development. The vignette below describes 
part of this learning segment as it was experienced in the method course.  

    Candidates were fi rst shown an anticipatory question:    

  Recall an experience with hospitals, such as when you (1) were injured, (2) 
waited for your brother, sister, or cousin being born, or (3) visited a sick family 
member or friend. Also think about your own knowledge of hospitals. Do you think 

  Fig. 6.2    Cycle of teacher as learner       
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someone could be harmed from bacteria while staying in a local hospital? Write 
your response with a reason in your science notebook.  

  After writing a response, candidates shared responses with a partner, and then 
the instructor invited two students to share with the class: a student who responded 
with “yes” and another student who responded with “no.” A student shared a per-
sonal story about a friend who came to the hospital to get better, only to get sick 
with something different. The instructor asked follow up questions to the class, such 
as “do you agree with…” and “what kind of evidence would support our response?” 
The instructor informed candidates that they will not come to a consensus answer 
yet, since this real world problem, like most, is complex. However, everything we 
will be learning in the “upcoming weeks” [if a real high school class] will help us 
address this question.  

  At this point, the instructor stopped to do a quick check-in with candidates, ask-
ing about the purpose of these fi rst minutes. Candidates had experienced, discussed, 
and practiced themselves framing instruction through contextualized activities that 
could connect authentic science to student lives and provide opportunities for stu-
dent contributions. Thus, candidates readily noticed that what they experienced was 
intended to bring relevance to the lesson as well as communicate big ideas.  

  The instructor proceeded to show a short video clip from the url     https://www.
youtube.com/watch?v=bevhCDOoYeE#t=30       that depicted a newscaster from 2005 
reporting on the increased presence of a “superbug” called Methicillin resistant 
Staphylococcus aureus (or MRSA). The clip ended with a reporter asking an expert: 
“What causes these so called Superbugs?” The instructor stopped the clip there 
and stressed to the class that we will exploring this phenomenon “What causes 
Superbugs,” which will help them understand the big idea: “How do species change 
over time?” The teacher then asked the candidates to use a graphic organizer given 
to try making sense of some key words, such as antibiotic that were presented in the 
multimedia text. Candidates completed the worksheet and terms were addressed as 
a class, with the instructor noting that they will need to use this precise language 
when explaining what causes superbugs. The instructor then showed an abbreviated 
timeline that would be revisited later in the unit indicating four key points related to 
the MRSA “superbug.” The instructor then asked candidates in small groups to cre-
ate an outline (via a timeline, bulleted list, storyboard, etc.) to provide a tentative 
explanation about how the species Staphylococcus aureus changed (from 1880s to 
Present) so that over 60 % of the species is methicillin resistant (visuals or charts 
could help represent “0 %” and “60 %”).  

  The instructor modeled the process fi rst on a document camera: drawing a pic-
ture of a colony of bacteria on a petri dish to represent Staphylococcus aureus and 
then probes them to consider how we could represent this new “variation” of the 
species that was identifi ed in 1941 and what words/phrases we could use to describe 
what happened in between. The instructor posted all students’ initial models on the 
walls so that students can engage in a “gallery walk” where they view each other’s 
models. The teacher closed the experience by pointing out the variation in students’ 
models (both the content and how they decided to represent).  
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  Analyzing SSTELLA Practices     The part of learning segment described in the 
vignette would have represented the fi rst day of a high school biology unit on natu-
ral selection. The instructor informed teacher candidates to put back on their “teach-
er’s hat” and gave instruction for them to deconstruct this fi rst day of the learning 
segment from the lens of both scientifi c practices and potential standards from the 
Common Core State Standards for English Language Arts (CCSS ELA): Literacy in 
the Social Sciences, Sciences, and Technical Subjects.  

 Candidates had read about and experienced scientifi c practices and even incorpo-
rated them into their own mini lessons taught in the method course. Thus, they were 
quickly able to identify “developing and using models” as the primary scientifi c 
practice, and also predicted that “constructing explanations” would become a cen-
tral focus later in the segment. However, this was their fi rst foray into looking at 
CCSS for ELA in the context of science teaching. The advantage of this particular 
deconstruction activity was that candidates explored the standards after experienc-
ing a lesson in which the doing of science (e.g., scientifi c practices) was intimately 
tied to reading and writing in the discipline of science, so they could directly see 
overlaps between scientifi c practices and CCSS for ELA. After discussing what 
would happen in the upcoming week for the unit, candidates then added another 
layer of deconstruction by examining an outline of the California ELD Framework 
(see   http://www.cde.ca.gov/ci/rl/cf/elaeldfrmwrksbeadopted.asp    ), specifi cally (1) 
standards related to interacting in meaning ways through collaboration, interpreta-
tion, and productive use of language, (2) a document developed by WestEd to con-
nect the ELA/ELD Framework with science content and activities (  http://www.cde.
ca.gov/sp/el/er/eldstandards.asp    ) and (3) descriptions of the new categories of EL 
profi ciency (emerging, expanding, bridging). Finally, the SSTELLA Practices 
Progression was used to discuss the development of particular instructional moves 
supporting student mastery of NGSS, CCSS ELA, and ELD standards. This instru-
ment was used to code lessons in our research and also as a coaching tools for men-
tor teachers in professional development sessions. In the case of science literacy 
tasks, for example, teachers might attend to some forms of language and literacy 
support by introducing specifi c science vocabulary or having students copy down 
laboratory procedures; this form of language and literacy support is considered less 
developed (introducing level) compared to examples where the teacher links back 
language and literacy support in the context and service of doing scientifi c investi-
gations and practices. 

  Analyzing Video Cases     Preparing novices to become refl ective practitioners 
requires that teacher educators help them “hone in on what is important in a very 
complex situation” (Van Es and Sherin  2002 , p. 573). Videos can be effective as 
“cases” to develop this ability to notice and analyze teaching practices (Abell and 
Cennamo  2004 ; Ash  2007 ; Roth et al.  2011 ; Sherin  2004 ). The advantage of videos 
is that novices can observe teaching in a real-life context (more authentic than a les-
son modeled in the method class) with opportunities to “replay” events for further 
noticing and analysis.  
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 After candidates experienced the last part of the Antibiotic Resistance lesson, 
they participated in activities to distinguish between two ways of using vocabulary 
during science instruction. First, they read aloud dialogue from the article by Bruna 
et al. ( 2007 ) which is a case study of how one high school EL science teacher 
focused on narrow aspects of academic language instruction (i.e. vocabulary fl u-
ency, isolated defi nitions associated with the rock cycle) and supplanting opportuni-
ties for students to use vocabulary to make sense of the rock cycle itself. Candidates 
then watched a video clip related to the vignette of Ms. Bird that was described 
earlier in the chapter. The video was carried out in a similar schooling context as the 
one in Bruna et al. ( 2007 ), but in contrast the teacher supported students’ use of 
vocabulary through multiple ways as students read texts and eventually developed a 
class model to depict the chronology of the universe. The video in particular allowed 
candidates to see and hear interactions between teacher and individual students, 
which refl ected several strategies they experienced in the Antibiotic Resistance 
Lesson. They were then able to go back to the Antibiotic Resistance lesson and 
identify various supports and how those supports might be augmented depending on 
the EL profi ciency of students. 

  Approximating SSTELLA Practices     Beyond experiencing and analyzing, candi-
dates need opportunities to practice instructional approaches with effective mentor-
ing and support (Joyce and Showers  1995 ; Loucks-Horsley et al.  1998 ; Speck and 
Knipe  2001 ). The fi eld experience component to a teacher education program pro-
vides the most meaningful and authentic experiences, supported through in 
SSTELLA by the mentor PD, but opportunities to approximate what they would do 
in a real classroom can also happen in a science method course. Candidates were 
assigned multiple “approximation” assignments. In each approximation, candidates 
wrote out and then carried out in real time a particular practice indicated in the 
SSTELLA practices progression: introducing a contextualized big idea, debriefi ng 
students’ initial scientifi c models, using talk moves to facilitate an instructional con-
versation, and scaffolding an authentic literacy task. For example, one students’ 
description of the approximation she carried out in class was as follows:  

  Alright, class we were able to brainstorm and share some of our own ideas of 
climate change and as a visual for us to use to remember where we began this unit 
I have assembled a Wordle for us to see the concepts we came up with.  

  Today we are going to start our exploration of the science behind climate change 
by doing a jigsaw reading activity. I have found 4 articles that I believe will help us 
begin to understand the factors that are contributing to the phenomenon of climate 
change. These articles will introduce us to new key terms and concepts that will help 
us eventually answer our big question for this unit. “How do human activities infl u-
ence climate change and in what ways will climate change affect the biosphere?”  

  I have given each of you a worksheet titled Climate Change Jigsaw with several 
articles attached to it numbered 1–4. Please write your name and the date at the top 
of your worksheet (hold up worksheet and indicate where to write this 
information)  
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  I will fi rst demonstrate how to annotate an article and record key terms and con-
cepts on your worksheet. Please fi nd article #1, titled Global Warming: News, Facts, 
Causes & Effects, and annotate along with me marking key words and concepts as 
I go. Article projected onto board. Teacher reads article aloud, circling key words 
and underlining key concepts.  

 Candidates received both written as well as oral feedback from the instructor and 
peers directly after approximating the practice. These approximations scaffolded 
the candidate’s implementation of SSTELLA practices, which then led directly to 
their culminating product: to develop their own 3-day learning segment and teach-
ing 30 min from it in class to their peers. During the fi rst half of the course, each 
group of four subject-specifi c candidates (e.g., biology, earth science) was given a 
specifi c NGSS and given the task to outline a 10 day unit plan with (1) a central “big 
idea”, (2) a culminating performance task, and (3) daily learning objectives in addi-
tion to the daily classroom activities. Candidates then developed their learning seg-
ment from this unit outline. 

 As evidence by the exemplars and descriptions above, the method course aligned 
with SSTELLA practices as candidates experienced the practices, analyzed them, 
and approximated them. Model lessons and videos were key materials to communi-
cate nuances with the SSTELLA practices, how they relate to science and literacy 
standards, and to depict varying levels of implementing the practices. 

 As part of the SSTELLA study, pre-service teachers participating in both the 
unrestructured (control) and restructured (treatment) method course and mentoring 
were observed twice during student teaching or clinical practicum. Trained 
SSTELLA observers conducted and scored science lessons taught by teacher candi-
dates using the SSTELLA Classroom Observation Rubric (SCOR). Table  6.1  pro-
vides a description of the SSTELLA practice addressing language and literacy in 
science used in the rubric. The full SCOR instrument addresses the four SSTELLA 
practices including (1) Scientifi c Sense-making, (2) Scientifi c Discourse, (3) 
English Language and Literacy Development and (4) Contextualizing Science 
Activity. Each SSTELLA practice moreover was measured through related sub- 
practices comprising each SSTELLA practice. Table  6.1  identifi es the sub-practices 
corresponding with each SSTELLA practice.

   Observations were videotaped and accompanied by an audio-recorded post- 
observation debrief interview with the teacher candidate. SCOR results allowed us 
to capture the pedagogical development of SSTELLA practices of each participant 
and determine the impact of the intervention on teacher implementation of effective 
science teaching practices for ELs (Lyon et al.  2016 ). Observations were scored on 
a scale of 0–3 (0 = Not present, 1 = Introducing, 2 = Implementing, 3 = Elaborating). 
An Analysis of the SCOR results reveal that teacher candidates who participated in 
the SSTELLA redesigned method course and SSTELLA-informed mentoring 
implemented four sub-practices at a statistically signifi cant higher score than those 
receiving the unrestructured method course and mentorship. The sub-practices that 
scored higher in the SCOR for the SSTELLA participants included  Framing  
Contextualizing Science Activity,  Adapting and Applying  Contextualizing Science 
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Activity, Promoting Opportunities for English Language Development for ELs 
through  Student Interaction , and Facilitating Productive science  Student Talk . 
Analyses also reveal differences across sub-practices in the percentage of teachers 
reaching higher levels of implementation (Scores of 2 or 3) of the reform pedagogy. 
For the student interaction sub-practice, 64 % of treatment teachers reached on aver-
age the implementation level compared to 47 % of control teachers. For productive 
science talk, 47 % of treatment teachers reached on average the implementation 
level as compared to 24 % of control teachers. Finally, adapting and applying con-
textualizing activities and student contributions, 23 % of treatment teachers reached 
implementation level compared to 8 % of control teachers. It is important to note 
that there are a range of mediating factors that contribute to the appropriation of 
SSTELLA practices by teacher candidates. Future analysis of teacher background 
variables, student-teaching contexts, and relationship with student achievement out-
comes will be addressed. This analysis of the SCOR results, however, indicates that 
the SSTELLA intervention shows promise for better preparing teacher candidates 
to address sociocultural dimensions of science learning compared to teacher candi-
dates not receiving the intervention. 

 Pre-service teachers were also asked to rate their confi dence for teaching science 
to ELs on a fi ve point scale at the beginning and end of the SSTELLA pre-service 
teacher education program. An analysis of pre- post ratings showed that a signifi -
cant improvement in novice teachers effi cacy for teaching ELs (F (1.251) = 27.562, 
p < 0.001)   

    Conclusion 

 In this chapter, we describe the SSTELLA framework for integrating language and 
literacy development into secondary science teaching and describe the development 
and use of instructional exemplars and video cases in four pre-service secondary 

    Table 6.1    SSTELLA practices and sub-practices   

 SSTELLA practices  Sub-practices 

 1. Scientifi c sense-making  Communicating the “Big Idea” 
 Pressing for model- or problem-based scientifi c/
engineering practices 

 2. Scientifi c discourse through scientifi c/
engineering practices 

 Facilitating productive student talk 
 Pressing for scientifi c explanation & argumentation 

 3. English language & disciplinary 
literacy development 

 Promoting opportunities for English language 
development for ELs through student interaction 
 Promoting opportunities for English language 
development for ELs through vocabulary 
 Pressing for authentic science literacy tasks 

 4. Contextualizing ccience activity  Framing (Planned) 
 Adapting (Unplanned) & applying 
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science teacher education programs in Arizona, California and Texas. We empha-
size the importance of developing coherence across the coursework and fi eld practi-
cum components of teacher preparation programs by engaging science methods 
instructors, teacher supervisors and cooperating teachers in collaborative profes-
sional development on the SSTELLA model. In model building it is important to 
examine the effi cacy of the intervention and analyze the impact on the participants – 
in this case pre-service teachers. This chapter includes the results of an analysis of 
classroom observations of pre-service teachers in their student teaching practicum 
which demonstrate that teacher candidates who participated in the SSTELLA inter-
vention were more likely to use practices that promote science and language learn-
ing for ELs than novice teachers who were not part of the intervention. These 
fi ndings are particularly timely because recent reviews of research teacher educa-
tion reveal very little empirical evidence of the positive impact of programs of pre- 
service teacher preparation (Sleeter  2015 ). 

 The development, fi eld testing and dissemination of practical models to improve 
the preparation novice teachers to work with ELs is particularly important in an 
environment where few novice or experienced teachers feel prepared to teach ELs 
and the majority of pre-service teacher education programs do not include explicit 
preparation in teaching subject matter to ELs (Ballantyne et al.  2008 ; Darling- 
Hammond  2006 ; Gándara et al.  2005 ; NCES  2011 ; Villegas and Lucas  2002 ). As a 
consequence, each year thousands of new teachers enter the profession unprepared 
to teach this vulnerable student population. Our fi ndings show that the SSTELLA 
program not only signifi cantly improved their confi dence in their preparedness to 
teach ELs. Our primary goal with the SSTELLA project, therefore, is to develop a 
model to scaffold science teacher educators application of theory to practice to pre-
pare student teachers to more effectively teach science to the rapidly growing popu-
lation of ELs across the United States. Prior research has demonstrated that 
professional development with experienced teachers can support the implementa-
tion of integrated practice and improve the achievement of ELs (see for example, 
Lee et al.  2008 ). This research demonstrates that the model can also be applied to 
pre-service teachers.     
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    Chapter 7   
 Online Professional Learning for Science 
Teachers of Multilingual Learners                     

     Kara     Mitchell     Viesca     ,     Elizabeth     Mahon     ,     Christopher     D.     Carson     , 
and    The eCALLMS Team      

      In its  2009  position statement  Science for English Language Learners , the National 
Science Teachers Association (NSTA) recommended “that teacher preparation and 
professional development programs for teachers, regardless of area of certifi cation, 
focus on science content and pedagogy for English language learners” (p. 2). Since 
that time, widespread adoption of both English language developments standards 
such as WIDA(  https://www.wida.us    ) and comprehensive, rigorous science stan-
dards such as NGSS(  http://www.nextgenscience.org    ) have provided extensive sup-
port in describing what bilingual students can and should be doing in science. While 
most science teachers have access to professional development to support the teach-
ing practices described in either NGSS or WIDA resources, there are few opportuni-
ties to support the integration of both language and science standards. 

 Without specifi c support for integration of language and science, teachers may 
perceive rigorous science standards as beyond the capabilities of bilingual students 
with emerging English profi ciency (Cho and McDonnough  2009 ; Lee et al.  2013 ; 
Verplaetse  1998 ). In crafting the Next Generation Science Standards (NGSS Lead 
States  2013 ), the National Academy of Sciences made it clear that the standards 
apply to  all  learners, including “students who have traditionally struggled to dem-
onstrate mastery” (v 25, 25). Language and literacy instruction is embedded into the 
NGSS, and the shift toward greater emphasis on science and engineering practices 
allows for even greater opportunity for language acquisition. (Lee et al.  2013 ). 

 Since 2011, the e-Learning Communities for Academic Language Learning in 
Mathematics and Science (eCALLMS) 1  project has been working to craft 

1   eCALLMS is a National Professional Development grant from the federal Offi ce of English 
Language Acquisition, award #T365Z110177. 
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 professional learning opportunities that support the integration of language instruc-
tion in science as is called for by the NGSS standards and the NSTA recommenda-
tions. By creating innovative online resources that support professional learning 
communities of teachers to explore various aspects of language development in 
relationship to content teaching, eCALLMS (see   http://ecallms.ucdsehd.net/    ) is 
offering rigorous opportunities for science teachers to meaningfully integrate both 
language and science content development. 

    eCALLMS eWorkshop Format and Guiding Principles 

 Our approach to this professional development refl ects our philosophy about the 
assets of multilingualism and language as a sociocultural practice. We have designed 
our work grounded in the linguistically responsive teaching framework (Lucas and 
Villegas  2010 ,  2011 ; Lucas et al.  2008 ) that suggests the orientations, knowledge, 
and skills content teachers of multilingual learners should have. We also emphasize 
the value of bilingualism and multilingualism by using the term “bilingual learners” 
or “multilingual learners” rather than “English language learners” as an effort to 
help teachers recognize the children they are working with for their assets and lin-
guistic abilities rather than simply their perceived or real defi ciencies in English 
(Brisk  2006 ; García et al.  2008 ; Mitchell  2013 ). Our eWorkshops also promote criti-
cal sociocultural instructional practices as operationalized by the Standards of 
Effective Pedagogy (Teemant and Hausman  2013 ; Teemant et al.  2014 ) and are 
grounded in the WIDA standards for English language development. Increasingly, 
our work is also grounded in the literature focused on translanguaging and the social 
turn in second language acquisition (i.e., García  2009 ; García and Wei  2014 ; Valdés 
et al.  2015 ). 

 Informed by these guiding principles and frameworks, we have designed an 
eWorkshop format that assists in-service science teachers to further their profes-
sional expertise around supporting language and content development. Our eWork-
shops take an asset-based approach to our audience of practicing teachers and offer 
differentiated activity choices that ensure the learning in the eWorkshops is appli-
cable and relevant. They are designed for collaborative use by professional learning 
communities of teachers, rather than by single participants in isolation. Additionally, 
the eWorkshops were created so that they would not need to be moderated at the 
university level, rather could be used fl exibly by instructional and teacher leaders 
within schools and districts to further local professional learning goals. 

 We strive to strike a balance between competing goals: (1) facilitating learning 
about specifi c aspects of linguistically responsive teaching, as informed by the lit-
erature and what we know about language acquisition, and (2) giving our profes-
sional audience control over their own learning and how they apply the learning in 
their specifi c context. To accomplish this, each of our eWorkshops has an essential 
question that provides an overarching framework for the learning that occurs in the 
eWorkshop. Then, guiding questions that lead the inquiry and learning for each unit 
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of the eWorkshop (there are six in total) offer meaningful opportunities for in- 
service teachers to grow as professionals. We then offer an  Explore  section where 
teachers examine new ideas and content through self-selected differentiated learn-
ing. Next, there is a  Make it Work  section where we have created multiple options 
for teachers to apply the ideas and content from the  Explore  section to their practice. 
Our effort here is to ground theory and research into relevant and applied learning 
opportunities that are also inquiry oriented. Finally, we have a  Share  section where 
teachers have the opportunity to collaborate online and  Share  their ideas, successes, 
failures, questions, etc. after having done the  Explore  and  Make it Work  sections. 
Each eWorkshop has been developed with this format repeating in each unit over a 
six-unit learning period, requiring roughly 2 h of a teacher’s time per unit. A visual 
representation of this model of professional learning that our eWorkshops are devel-
oped around is provided in Fig.  7.1 . We will briefl y describe these four components 
below.

     1.    Essential/Guiding Questions: An Asset-based Perspective of our Science Teacher 
Audience 
 Just as K-12 instruction should build on the wealth of cultural and linguistic 
knowledge our bilinguals bring to the classroom, professional learning opportu-
nities for teachers of bilingual students should build on the strengths of teachers’ 
existing practice. For example, by asking the question “How can engaging 
STEM activities lead to a rich writing and revising practice for bilinguals?,” we 
ask teachers to refl ect on the most meaningful learning experiences used in their 
existing practice. While teachers have the option of exploring example science 
activities that enable bilinguals to use science in highly contextual ways, we start 
with the assumption that teachers already do great work, and need time to explore 
ways to integrate language instruction into the science lesson design.   

   2.    Explore: Differentiated Learning 
 Just as bilingual learners can be supported through differentiated learning oppor-
tunities and multiple ways to show profi ciency, we believe professional learning 
for teachers should provide freedom for teachers to be in control of their own 

  Fig. 7.1    Visual 
representation of the 
eCALLMS model for 
professional learning       
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learning. Each unit of our eWorkshops provides multiple options for teachers to 
explore content, research and theory related to the essential question and guiding 
questions. In respect for teachers’ busy lives and demanding schedules, teachers 
are offered a path to keep their work in this section to around 30 min. Our project 
strives to offer manageable pieces of information that teachers will fi nd relevant 
and easy to apply to their local context without feeling overburdened or over-
whelmed. However, teachers are also offered extended resources to continue 
exploring the ideas and research that is most interesting and relevant to them as 
they choose.   

   3.    Make it Work: Relevant and Applied Learning 
 Both science content and language learning are facilitated when the learning is 
highly contextualized to the students’ lived experience. We take the same 
approach to professional learning, by putting the application of learning at the 
heart of each eWorkshop. Each unit, during the  Make it Work  phase, teachers put 
the learning into action in a way that makes sense in their own science teaching 
environment. While the guiding question for the unit is the same for all learners, 
we provide a variety of options for how teachers may apply new knowledge or 
ideas garnered from the  Explore  section. Teachers may adjust an activity to 
intentionally plan for language acquisition, collaborate with language teachers, 
integrate a new practice into their teaching, or plan for future lessons.   

   4.    Share: Collaboration 
 Language learners benefi t from making meaning in a collaborative space. In this 
same vein, we designed the eWorkshops to create an online learning community 
for teachers. While it is possible for a teacher to explore the resources alone, the 
learning experience is made more powerful through collaboration. Each unit, 
teachers discuss their learning online and share the result of their own attempts 
to apply content from  Explore  and  Make it Work  into their new learning.    

      The eCALLMS Model of Professional Learning: Related 
Literature 

 In developing the eCALLMS eWorkshops, we drew heavily on the fi ndings from 
Desimone et al. ( 2002 ) longitudinal study suggesting the characteristics of profes-
sional development programs that were most likely to impact change in teacher 
practices (i.e. sustained, collaborative, active learning orientation, etc.). We also 
drew on the work of Cochran-Smith and Lytle ( 1999 ,  2009 ) and their focus on 
“Inquiry as Stance.” They suggest that professional learning communities of teach-
ers should evolve around “knowledge- of -practice” where “the knowledge teachers 
need to teach well is generated when teachers treat their own classrooms and schools 
as sites for intentional investigation at the same time that they treat the knowledge 
and theory produced by others as generative material for interrogation and interpre-
tation” ( 1999 , p. 205). The structure of eCALLMS eWorkshops described above 
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creates meaningful learning opportunities for professional learning communities of 
teachers to treat their own classrooms and schools as sites of intentional investiga-
tion where “knowledge- of -practice” can be generated and that knowledge can 
thoughtfully impact the ongoing pedagogical development of science teachers 
working at the intersection of language and content development. 

 Additionally, we drew on the literature related to online professional learning 
that suggests online approaches can be at least as effective as face-to-face course-
work (Carr  2010 ; Fishman et al.  2013 ) and that it can have positive effects on teach-
ers’ instructional practices and content knowledge (Borko  2004 ; Cady and Reardon 
 2009 ; Cavanaugh and Dawson  2010 ; O’Dwyer et al.  2010 ; Russell et al.  2009 ). 
Research suggests that quality online professional learning environments should 
offer ways for participants to get to know one another and build a sense of trust with 
their online peers (Carr and Chambers  2006 ; Carter  2004 ; Smith  2014 ; Sung  2009 ). 
The same researchers suggest that to be successful, participants need to be comfort-
able with the online discussion tools as well as have a strong sense of the expecta-
tions for when, where and how to respond to prompts. Further, online work can 
suffer from low participation and completion rates (Reeves and Pedulla  2011 ), but 
is most successful when materials are offered in a variety of multimedia formats 
(Carter  2004 ) and there is a consistency in the format and content of the online pro-
fessional learning space to support teacher success and motivation (MacKenzie and 
Staley  2001 ). We drew on all of these perspectives as we developed and continue to 
develop eCALLMS eWorkshops. 

 Finally, the content of our eWorkshops has been deeply impacted by the litera-
ture and frameworks described above (i.e. García and Wei  2014 ; Lucas and Villegas 
 2011 ; Teemant et al.  2014 ) as well as various conceptual frameworks suggesting 
what content teachers of multilingual learners should know and be able to do (see 
Viesca et al.  2016 ).  

    Implementation of the eCALLMS eWorkshops 

 Our fi rst set of eWorkshops across three strands (language in science, language in 
mathematics and bilingual/second language development), were launched for pub-
lic use in 2013. Since then we have had hundreds of teachers across Colorado, 
Finland and Germany participate in our eWorkshops and have continued to launch 
more. Currently we have 10 eWorkshops available for public use with seven more 
slotted for release in late spring of 2016 and approximately 15 more will be fi nal-
ized by the end of the grant period (August 2016). It is simple to use our eWork-
shops. With 2-week notice, we can launch any interested group into their own course 
shell for the eWorkshop where they can collaborate with their selected peers in a 
password protected learning management system environment (we use Canvas). 
Canvas offers a free platform that works well for our eWorkshops, so there is no cost 
to users for access to our content. Teacher educators are welcome to use our eWork-
shops as well in their work with pre- and in-service teachers. Anyone interested in 
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our work may get in touch with us through our website (  http://ecallms.ucdsehd.
net/    ). However, the remainder of this chapter provides content from our eWorkshops 
that may be used in classes or professional learning approaches with science teach-
ers who work with multilingual students.  

    Samples of eCALLMS Content and Materials 

 Grounded in the format and guiding principles described above, we have designed 
multiple eWorkshops focused on supporting science teachers to expand their exper-
tise around language and content development for multilingual learners in their 
classroom. Our program promotes a comprehensive perspective of language devel-
opment at the word, sentence and discourse level within science classrooms. In this 
section we offer examples of the work we have designed as well as teacher’s work 
participating in it. For each sample we share two actual responses from teachers 
who engaged in our eWorkshops and did that particular activity. The teachers are all 
unique teachers across the samples we share. 

    Sample 1 

  eWorkshop Title     Inquiry Science for Bilinguals  

  Guiding Question for the Unit     How can open-ended pre-assessments inform me 
of my learners’ assets in language and science?  

  Context Information     During the fi rst unit of the eWorkshop, teachers are intro-
duced to the key concept that pre-assessments should be  biased for the best  (Swain 
 1984 ). We look for ways to connect with what students do know, rather than looking 
for what students do not know. In a pre-assessment with bilingual learners we col-
lect observations in three areas: (1) language use (English and home languages); (2) 
collaboration, critical thinking, process skills, and; (3) science content. The vocabu-
lary prediction activity is one of several ways to learn about how students use lan-
guage and what their incoming understandings are regarding the science concepts 
under investigation.  

   Make It Work Activity 

   1.    Select a set of key words for pre-assessment. Select words that are essential for 
understanding, can be used across content areas, are particularly tricky for bilin-
gual learners (homophones, idioms, etc.), and/or lend themselves to interesting 
conversations about language or content. For example, (a) states of matter: solid, 
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liquid, gas, vapor, melting, boiling, mass, volume; and (b) Weathering and ero-
sion: weathering, erosion, deposition, glacier, abrasion, sediment, meander.   

   2.    Put students in pairs and give them a vocabulary prediction chart (Fig.  7.2 ). Do 
a think-aloud with the fi rst word to show how to make a vocabulary prediction. 
People usually say the word out loud, connect it to other words they know (these 
can include words from other languages than English), and look at word parts 
during this prediction phase. Let students complete the prediction column with 
their partners. Students may use English or any other language they choose. You, 
as a teacher, are observing the language use, the critical thinking skills, and the 
science content knowledge.

 Vocabulary Word  Prediction  Changes to my prediction 

       3.    Have each set of students pair-up with another set of students. Each group 
explains and justifi es their prediction. If applicable, students can make changes 
to their predictions in the third column after the conversation and throughout the 
unit.     

  Share      Actual Teacher Responses to This Activity   

  Fig. 7.2    Example vocabulary prediction chart       
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  Sample 1 Teacher A     I really like this idea of having them predict the vocabulary 
words fi rst. I had never done this before. I understand the value of not giving stu-
dents vocabulary words in science until they have fi rst had some exposure to the 
item or concept and then name it later. Therefore, I have never given the words 
upfront. However, I thought this was a great way to start to understand some of their 
preconceptions. I will defi nitely use it again! …The words that were on the list were 
Mixture, Property, Solution, Dissolving, Evaporation. What surprised me most is 
that most of the students thought dissolving meant unable to solve. DIS- Solving. 
Since they have no background with this word, I thought it was pretty inventive of 
them to think of that. I was not surprised to see that they predicted property was 
something they owned (although this made me sad since they have talked about 
properties in science since Kindergarten) and they all thought solution had to do 
with solving a problem. This activity that took very little time to plan for, and very 
little class time, told me a lot about these students’ understandings! It is clear that 
they are not thinking about things in a scientifi c matter. I am guessing this is coming 
from the lack of consistent science education K-4. Which means (the classroom 
teacher) is going to have a larger hill to climb…but at least we are now armed with 
this information and it is something we can keep in mind while planning future les-
sons for them.  

  Sample 1 Teacher B     I really liked the conversation that went with the Vocabulary 
Prediction. The kids got into groups of 2–3 and talked about what they thought each 
word meant. Kids who were unsure were able to use the support of their group to 
come up with a prediction. I didn’t give feedback to the kids around their predic-
tions, but I did ask them to explain their thinking about their prediction. The kids 
then joined another group to make groups of 4–6. They shared their thinking again 
and wrote their prediction in their science journals. I felt the conversation that went 
along with the predictions was time well spent. This pre-assessment reminded me 
that I need to make sure I help my students make better connections between what 
they already know to scientifi c vocabulary.   

    Sample 2 

  eWorkshop Title     Inquiry Science for Bilinguals  

  Guiding Question for the Unit     How can we use student observation to launch the 
inquiry cycle?  

  Context Information     The inquiry eWorkshop is aligned closely with the NGSS 
Science and Engineering Practice 1: Asking Questions and Defi ning Problems. In 
this activity, teachers use students’ natural curiosity about the world around them as 
a launching point for deeper investigations.  
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 Teachers are encouraged to have students observe simple, everyday phenomena, 
especially where students will be able to manipulate, and experience in a multi- 
sensory way. This enables students to use their existing language repertoire to gen-
erate observations and questions, which serves three purposes: (1) students can 
launch their inquiry in any language or register, (2) the teacher is able to get essen-
tial assessment information about the language tools available to students, and (3) 
the teacher is able to assess students’ conceptual understanding (especially when the 
student is encouraged touse pictures to represent observations that are diffi cult to 
express). 

 This  Make It Work  activity was supported by the fl exible learning that takes place 
during the Explore phase: teachers watched a short lecture describing the power of 
observing in all languages, and chose between several readings detailing possible 
student-centered hand-on observation experiences or describing teaching methods 
for improving scientifi c observations. 

 At the core of this unit’s learning is the idea that expert scientifi c observation is 
not dependent on English language skills. All languages are capable of expressing 
specifi c, objective details drawing on all senses, thus learning to observe scientifi -
cally in any language is a transferrable skill that will lead to stronger bilingual lan-
guage skills as well as growing scientifi c understandings.

  Make It Work Activity 

   1.    Work with a small group or with your whole class.   
   2.    Pick a simple observation, which could launch an inquiry. For example:

•    A steady trickle of water meandering down a sheet of glass  
•   The temperature of ice and water change as it is heated  
•   A drop of food coloring mixed in water    

 If you are not teaching water, choose an observation that relates to your current 
topic of investigation.   

   3.    Plan to use a T-chart, I notice/I wonder.

 I notice…  I wonder… 

       4.    Model how to observe:

•    Expert – specifi c details, quantitative if possible, 5 senses, non-judgmental  
•   Novice – non-specifi c, judgmental, inferences      

   5.    Group students to conduct observations. Encourage all languages, dialects, com-
ments, and uses of conventions on the T-chart.   

   6.    Pair learners or group to share their T-charts.     

  Share      Actual Teacher Responses to This Activity   

  Sample 2 Teacher A     We modifi ed [an activity in which students experimented 
with ways to separate mixtures and solutions] and had them write an “I noticed” and 
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“I wonder” about that. Most of their answers were fairly similar–“I noticed the 
water and salt went through the screen,” “I noticed I can see a little bit of the salt in 
the water still, but not all of it.” Their “I wonders” often came up with ideas about 
leaving the water out in the sun or near a heater and wondering if they would be able 
to see the salt after the water evaporated. I think this activity was another great way 
for students to get more practice in writing down their thinking. So often we ask 
them what they think, but don’t have them write about it, so when it comes time for 
them to write a scientifi c explanation, it is very diffi cult for them. I think this is a 
great way for them to practice and for teachers to be able to see some of those pre-
conceptions that still exist. (One of the students wondered if the salt would stay 
melted in the water–they clearly need some more work around the difference of 
melting and dissolving). I noticed from the student writing that they still need a lot 
of practice with explaining their thinking. Most of what they wrote was pretty vague 
(I wonder if we put it in the sun). [eWorkshop Colleague] and I have already dis-
cussed their need for precise language so it is a focus of ours. This is just another 
opportunity to reiterate the importance of it.  

  Sample 2 Teacher B     Something that I noticed was the students’ conversations with 
their groups were strong. They were holding each other accountable for using spe-
cifi c and scientifi c vocabulary and what they noticed and what they wondered were 
clear, focused and centered around scientifi c thinking. However… the specifi c 
vocabulary was missing and as [eWorkshop Colleague] said, what they wrote was 
vague. This will be part of my focus and work [with another teacher] throughout our 
work this year!   

    Sample 3 

  eWorkshop Title     Inquiry Science for Bilinguals  

  Guiding Question for the Unit     What strategies facilitate great discourse?  

  Context Information     In this unit of the inquiry eWorkshop, we focus on class-
room discourse specifi c to science. Participation in classroom discourse, either 
whole-class or small group, is an essential element of enacting the NGSS science 
and engineering practices of analyzing and interpreting data, constructing explana-
tions, and engaging in arguments from evidence. Discourse is also an essential part 
of enacting the Common Core State Standards for English Language Arts (CCSS 
ELA), one of the top concerns for elementary generalist teachers and an area of 
increasing emphasis for secondary science content teachers.  

 For our bilingual students, this work takes on added importance. Oral language 
practice with discourse patterns of science facilitates both the sense-making needed 
for a deeper understanding of the content, but the language practice that takes place 
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during argumentation from evidence is thought to be a key ingredient in the devel-
opment of the deeper literacy skills needed in all subjects (Lee et al.  2013 ). 

 During the  Explore  phase of this unit’s learning, teachers watch a short lecture 
about drawing conclusions through classroom dialogue, and then chose between 
several options to further their learning. This work relies heavily on the work of 
Michaels and O’Connor ( 2012 ) in promoting active, engaged discussion. The fol-
lowing  Make it Work  activity, one of three options for the unit, involves practicing 
the talk moves described in the  Explore  resources. 

  Make It Work Activity     Talk Moves can be helpful in all content areas, including 
math, literacy, social studies, and art. The purpose of this  Make it Work  activity is to 
plan for the intentional use of two or more talk moves.

    1.    Plan the setting for the productive talk 
 First, you may want to review the goals of productive talk, as described by 
Michaels and O’Connor ( 2012 ):

•    Individual students share, expand and clarify their own thinking  
•   Students listen carefully to one another  
•   Students deepen their reasoning  
•   Students think with others   

  Next consider, how will you communicate these goals to your students and 
remind them (in student-friendly language) of classroom norms for discussion? 
Then, decide on a setting for the talk: whole class or small group discussion with 
the teacher.   

   2.    Review the nine talk moves described by Michaels and O’Connor ( 2012 ):

•    Time to Think

 –    Use pair/share discussion time or private reasoning time. Ensure that each 
question or prompt is followed by a small amount of wait time.     

•   Say More…

 –    “Tell me more about that…”     

•   So, are you saying…

 –    Paraphrase the student’s answer as a question: “So, are you saying…?,” 
allowing the student to respond.     

•   Who can rephrase?

 –    “Who can use their own words to repeat what _______ said?”     

•   Ask for evidence or reasoning

 –    Ask questions such as “Why do you think that?” or “Can you offer some 
evidence to support this claim?”  

 –   Encourage students to ask others for evidence or reasoning.     
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•   Challenge or counter example

 –    “Does it always work this way?”     

•   Agree Disagree/why?

 –    “Do you agree? Why?” “Are you saying the same thing as…?” “Does any-
one want to respond to this idea?”     

•   Add-on

 –    “Who can add onto this idea?”     

•   Explaining what someone else means

 –    “Who can explain what ______ means when she says that…”    

   Because it may be hard to keep all of these talk moves in mind, select one or two 
that you would like to work on for the discussion. Consider putting these moves 
on note cards to help you remember the specifi c language you would like to use 
during student discussion.      

   3.    Plan to how modify talk moves, as needed, for your emerging bilingual 
learners:

•    Reduce linguistic complexity (not cognitive complexity)

 –    “Your example provides some support of your model, but are their other 
cases demonstrate a need for the model to be refi ned?” → “Does it always 
work this way? Think of some other examples.”     

•   Speak slowly and clearly. Give extended wait time after each question prompt.  
•   Refer to concrete items (realia) or use visual aids.  
•   Allow student to draw, use visuals to explain thinking.  
•   Give students time to process: “I’ll come back in a few minutes…”  
•   Allow students to engage in talk moves in the language of their choice      

   4.    Plan to gather evidence of student engagement. 
   How will you refl ect on the effectiveness of your talk moves in building your 

students’ capacity to engage in productive talk? Consider asking a coach to 
observe you, or recording the discussion to aid in your own refl ection and growth.    

    Share      Actual Teacher Responses to This Activity   

  Sample 3 Teacher A     Last week and yesterday I worked on my talk moves with my 
class. While I’m trying to make talk moves an automatic habit, I was consciously 
working on it during these two sessions. Last week, I was using talk moves to help 
my students develop a well planned procedure to answer the question, “Do all solids 
have the same solubility.” Yesterday, I used talk moves to help my students discuss 
their conclusions about that question. Without using talk moves, I would not have 
discovered many misunderstandings and misconceptions my students had. To begin 
with, I was able to clear up a few misunderstandings and misconceptions around 
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what solubility and saturation is [sic] before the students developed a procedure. 
The procedure and investigation would have just been playtime for the students 
without a clear understanding around what they were doing and why they were 
doing it. As a result of the talk moves yesterday, I made adjustments to future les-
sons to hopefully prevent a few misunderstandings in the future.  

  Sample 3 Teacher B     I had never heard the phrase Talk Moves before, however 
they are something that I use frequently with my students. This week I focused 
specifi cally on using the silent signal, rephrasing student observations (sometimes 
asking students to rephrase another student), and asking students to cite specifi c 
evidence for their observations. Since we are a dual language classroom, I some-
times allow my students to respond in either language, so some of my students were 
answering or rephrasing in both languages. I have found that rephrasing is often 
very helpful to bilingual students, particularly when they can’t quite think of the 
word they are looking for in the target language. This week we discussed and 
observed a distillation lab that we had created in October. Our experiment didn’t 
work out as planned, but the student hypothesis and observations were a great 
opportunity to use some Talk Moves to help them to broaden their thinking… I will 
defi nitely use Talk Moves more intentionally in the future, particularly when expect-
ing students to clarify on their own thinking or process. This will be applicable in all 
subjects, not just science!   

    Sample 4 

  eWorkshop Title     The 5E Science Model for Multilingual Students  

  Guiding Question for the Unit     How can I provide comprehensible input for mul-
tilingual students in the Explain phase of a 5E Model lesson?  

  Context Information     The 5-E Science Model for Multilingual Students proceeds 
unit by unit through the 5-Es: Engage, Explore, Explain, Elaborate and Evaluate 
(Ansberry and Morgan  2007 ). During this unit, teachers consider how to offer sup-
port to multilingual students during the Explain phase of instruction. During this 
phase, students use their own words as well as content and general academic vocab-
ulary to explain their understanding of the science concepts that they have experi-
enced this far. Interactive Word Walls use visuals, realia, a graphically organized 
structure, and a student interactive component to provide access to the needed words 
and phrases for bilingual students. Interactive word walls are connected to the main 
theme of Unit 3, which is comprehensible input (Krashen  1981 ). Comprehensible 
input is the idea that students should be able to understand the concepts and lan-
guage that are being presented in a lesson. For example, the use of dictionary defi ni-
tions of scientifi c vocabulary may offer limited comprehensible input, whereas an 
interactive word wall is the epitome of comprehensible input.  
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 During the  Explore  section of the eWorkshop, teachers read two short articles 
(Jackson and Narvaez  2013 ; Jackson et al.  2011 ), which explain how to create inter-
active word walls .  

  Make It Work Activity     Teachers create a word wall on a current science unit fol-
lowing the fi ve steps explained in the articles:

    1.    Plan the word wall.

•    Determine vocabulary needs.  
•   Create a concept map.      

   2.    Create a student work-sheet.   
   3.    Place the word wall (Fig.  7.3 ).   
   4.    Build the wall in class.   
   5.    Complete student record sheet and word wall together.    

     Share      Actual Teacher Responses to This Activity   

  Sample 4 Teacher A     I have a sub-par word wall going for science. I thought I was 
doing a great job of at least keeping up with the words. I was getting the words 
posted under my alphabet, have the kids use a Frayer type organizer to record the 
words in their notebook glossaries, and I draw “icons” or black line pictures. After 
reading the article, I understand more that, “the most effective word walls include 
photographs or the actual item (realia).” The other part that really struck me was the 
interaction piece. I continually struggle with getting kids to use any resource in the 
room, vocab walls included. I know (but fail to apply) the idea that “student partici-
pation in creating and maintaining word walls is crucial.” It can be easier and faster 
to just do it myself. I DO NOT let my students push the responsibility of other 
aspects of learning off on to me, so I’m not sure why I’ve taken over the classroom 
walls/resources. The other part of the article that struck me was how the word walls 
are organized. When I scanned the article, I immediately said, “that’s not a word 
wall, that’s a concept map.” As I actually read the article, I began to see how the 
concept map is really a higher level word wall and has so many more uses. Perhaps 
with more purpose, kids will interact with the wall more often! This phrase was one 
that made [me] a believer in this style of word wall, “because they build schema for 
individual terms through the use of images and manipulatives while showcasing 
connections between terms in a unit or lesson.”  

  Sample 4 Teacher B     Your post gave me two ideas! 1. What if we let some advanced 
students [lists students names] design a wall/part of a wall of the classroom. This is 
just a start, but it could give us some insight to what the kids could envision. We 
could show them some concept maps of our science topic and let them design one 
of their own. Then once they do the basics, we could have other kids add in the class 
as we go. 2. If I’m having trouble with space in the classroom, I could have each kid 
have a concept map for each unit that they keep and add to in their science notebook. 
I would have to start it with them and remember to frequently return to it. For some 
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kids it will need to be more supported and scaffolded, but for some kids, they could 
really go in their own direction. We could have little vocab cards and pictures for 
them to cut out and glue on.    

    Outcomes 

 While research on the impacts and outcomes of eWorkshop participation is ongo-
ing, through the annual evaluation of the eCALLMS project, we have valuable evi-
dence of the impact of this approach to professional learning for science teachers 
(and other content teachers) working with multilingual students. Overall, the 
eWorkshop participants have been positive about their experiences with the eWork-
shops. For instance one eWorkshop tester stated that working in the eWorkshop, 
“Reminded me of the need to build a gradual release model of linguistic structures 
into every subject.” Another tester stated:

  I am always looking for ways to improve. Most often when we change our thinking it is 
because we have been presented with new information. I am certainly thinking differently 
about my science instruction, but I am in a state of disequilibrium. 

  Fig. 7.3    Example of an interactive word wall from Jackson and Narvaez ( 2013 )       
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 We think it is positive that our eWorkshop was able to help this teacher think differ-
ently about instructing multilingual learners in science classrooms, but we also hope 
that this teacher will continue on with more of our content to work through that state 
of disequilibrium. 

 Initial interviews with school leaders indicate that the eWorkshop model may 
have a powerful effect when used by professional learning communities in schools. 
One school leader that led aneWorkshop with four teachers in his/her school stated:

  When I went on walk-throughs, when I observed them…I noticed that they were grouping 
and they were providing support. So one of them had visuals and the other had different 
sentence strings for students and the other one was doing Total Physical Response, TPR, 
with students, so I was glad to see those things in their classroom. 

 The same group leader stated about teacher participation in an eWorkshop:

  At the beginning there was no differentiation. The supports were not evident. And now 
when I’m walking in the classrooms, I’m able to see supports, so groupings, visuals…
vocabulary development, songs. Various supports that teachers are providing, being aware 
of students’ language development stages. 

 An administrator at a school where many teachers participated in eWorkshops stated 
about the teachers:

  They absolutely loved the [eWorkshops]…It was something they said was one of the most 
valuable professional developments that they had ever done…We had a fi rst-year teacher all 
the way up to someone who had I think it was 27, 28 years of experience. All of the people 
in the groups felt the same way…they are looking forward to the next time [they can take 
aneWorkshop]. 

 Another leader overseeing the use of eWorkshops in his/her school stated:

  In particular, people were interested in the fact of the ‘Make it Work’ section. I think that 
took some of the theory we see in the ‘Explore’ section and it makes it concrete. And I think 
that was the main thing that attracted both the teachers and the school leadership because 
that was where there seemed to be a concrete connection to actual classroom practice that 
came directly out of the articles, the theory…or the PowerPoint that we saw in the ‘Explore’ 
section. 

 This same person also mentioned the value of the brief time commitment and acces-
sibility of the content stating:

  I think also the brevity of it. In other words, that it’s not a semester-long graduate course. 
It’s a totally different thing. It’s a much more manageable piece that is broken down into 
weeks so that it looks and feels like less of a commitment, I guess, than signing up for a 
whole class. I think also the brevity of the ‘Explore’ section, how there’s something that’s 
like easy to…maybe not easy to digest, but at least not so daunting in terms of the content. 
It’s pretty accessible in terms of the content, at least in the length of time it takes to read or 
watch it. 

   These perspectives are representative of data we’ve collected and analyzed over 
the past 4 years of the project from testers and users including teacher created digi-
tal texts in the eWorkshops, surveys, focus-groups and interviews. Based in these 
data, we feel strongly that the content created through the eCALLMS project for 
science teachers (and other content teachers) is valuable for teacher professional 
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learning regarding working with multilingual learners. Our research is expanding 
and growing regarding eWorkshop content and over time we will have data from 
quasi-experimental studies and other studies looking at teacher motivation and 
engagement to further defi ne the impacts and outcomes of this work. We will have 
over 30 eWorkshops publically available for teachers across the globe to use as of 
August 2016. Our hope is that ongoing work with eCALLMS content can have last-
ing, positive effects for many teachers, schools and districts.  

    Conclusion 

 In this chapter, we have introduced the eCALLMS eWorkshop approach to profes-
sional learning for science teachers of multilingual learners. Grounded in research, 
and designed to impact practice, the eCALLMS eWorkshops have experienced 
valuable success with science teachers and are worth learning from, using and/or 
emulating. We have also provided four samples of  Make It Work  activities from vari-
ous science eWorkshops. We hope these provide valuable tools for various 
approaches to professional learning for science teachers of multilingual learners. In 
total, we hope our work offers you either an invitation to join us and use our eWork-
shops or at least to benefi t from what we have learned and shared with you here. 

 In summary, we feel that science classrooms have an excellent opportunity to 
promote strong language development activities, particularly when language is 
treated like a verb and mapped meaningfully onto the hands-on and engaging activi-
ties that can so easily take place in strong science content instruction. We strive to 
help teachers to create “languaging” experiences for students in sciencethrough an 
active inquiry approach in their own practice. We also strive to support teacher pro-
fessional learning by creating fl exible learning opportunities where teachers make 
choices and engage in work that is most relevant to them and their students. Overall, 
we hope that the ideas and resources provided here will help to continue to improve 
the quality of instructions for science teachers and their multilingual learners 
through the ideas and resources we have provided.     
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    Chapter 8   
 Preparing Science Teachers for English 
Learners: A Targeted and Integrated 
Approach to Pre-service Teacher Education                     

     Lara     K.     Smetana      and     Amy     J.     Heineke    

      Recent educational reform efforts, including the Next Generation Science Standards 
(NGSS) (NGSS Lead States  2013 ), promote a vision of learning and doing science 
that requires high quality teachers for  all  students. Today’s educators must be able 
to bring science content to life in meaningful ways for students. This involves bridg-
ing school science experiences with students’ individual cultures, experiences, and 
everyday lives (Birmingham et al.  2015 ; Birmingham and Calabrese Barton  2014 ; 
Rascoe  2013 ). Moreover, to meet the needs of all students in all classrooms, science 
teachers must be prepared to provide rigorous classroom instruction with students 
from increasingly diverse cultural and linguistic backgrounds (Gándara and Hopkins 
 2010 ). Nevertheless, unprepared and underprepared teachers continue to enter 
classrooms across the United States (U.S.), lacking the knowledge and skills to 
meet the large and growing number of students who are in the process of acquiring 
English in content-area classrooms (Cohen and Clewell  2007 ; Giambo and 
Szecsi  2005 ). 

 Specifi cally considering the new era of science education guided by the NGSS, 
where communication and cognition take center stage in curriculum and instruc-
tion, teachers need knowledge and skills to support students’ academic language 
development across scientifi c disciplines (Lee et al.  2013 ; Walqui and Hertiage 
 2012 ). As language and cognition develop together over time, an explicit focus on 
language development is integral to provide excellent and equitable science instruc-
tion and support students’ academic achievement (NSTA  2009 ; VanLier and Walqui 
 2012 ). Despite the centrality of language, the NGSS were not written with cultur-
ally and linguistically diverse students in mind, particularly students who are labeled 

        L.  K.   Smetana      (*) •    A.  J.   Heineke      
  Loyola University Chicago ,   Chicago ,  IL   60611 ,  USA   
 e-mail: lsmetana@luc.edu; aheineke@luc.edu  

mailto:lsmetana@luc.edu
mailto:aheineke@luc.edu


138

as English learners (ELs) based on standardized tests of English-medium listening, 
speaking, reading, and writing (Walqui and Hertiage  2012 ). In this way, teacher 
education programs hold the responsibility to prepare science teachers for today’s 
changing classrooms across the U.S. 

 In this chapter, we describe Loyola University Chicago’s  Teaching, Learning and 
Leading with Schools and Communities  (TLLSC), a pre-service, fi eld-based teacher 
preparation program that has enthusiastically accepted this responsibility to prepare 
educators to work with culturally and linguistically diverse students. 1  We work 
closely with the Chicago Public Schools, where over 70,000 students (more than 
16 %) are classifi ed as ELs with over 140 languages represented. From the fi rst day 
of their preparation program, teacher candidates confront challenges and opportuni-
ties of culturally and linguistically diverse classrooms, including ways in which ELs 
have historically been marginalized within public schools in terms of inequitable 
access to curriculum, instructional materials and facilities, and appropriate assess-
ments (Gándara et al.  2003 ). With a university mission focused on social justice, 
TLLSC takes an asset-based approach to having ELs in the classroom, recognizing 
language as a resource that contributes to learning and to the classroom community 
(Ruiz  1984 ). Goals around providing rigorous instruction that supports all students’ 
language development are integrated across candidates’ entire preparation program 
to ensure that they are confi dent in pedagogical skills, informed about policies 
effecting ELs, and able to apply current research on second language acquisition as 
they begin their careers. We also ensure that all candidates are eligible for the state’s 
ESL endorsement upon completion of their specifi c programs of study. 

 To support the work of fellow teacher educators, this chapter provides program-
matic design considerations and examples from current course experiences and 
assignments aimed to prepare all science teachers to promote discipline-specifi c 
language and literacy simultaneous to conceptual understanding for ELs in pre- 
Kindergarten- through-grade-12 (PK-12) classrooms. We begin with a brief over-
view of the TLLSC program and then introduce the program’s  fi eld-based 
apprenticeship model  (Rogoff  1994 ,  1995 ), intended to foster candidates’ profes-
sional development and growth across 4 years. To illustrate the targeted and inte-
grated nature of preparing science teachers for ELs, we utilize descriptive vignettes 
to detail learning experiences and assessments, as well as provide evidence of out-
comes from candidates enrolled in the program. Explicit reference is made to ways 
in which the program aligns the principles and declarations in NSTA’s ( 2009 ) posi-
tion statement on science for ELs, as well as most current research-based recom-
mendations. Finally, we discuss implications based on our practical experiences and 
research fi ndings and offer recommendations for science teacher educators and 
researchers. 

1   See  http://www.luc.edu/education/for  more information about the TLLSC program. 
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    Preparing Effective Teachers and Leaders: Program Overview 

 Launched in 2013, Loyola’s TLLSC program is an innovative, comprehensive 
teacher preparation program at the forefront of redefi ning how to prepare science 
teaching professionals for diverse, urban educational settings. Breaking from tradi-
tional models of teacher education in which instruction occurred primarily in the 
university classroom until the student teaching experience (See Fig.  8.1 ), TLLSC 
integrates academic knowledge with authentic teaching and learning experiences 
within a variety of Chicago school and community contexts (Ball and Forzani  2009 ; 
Rogoff  1994 ,  1995 ; Ryan et al.  2014 ; Zeichner  2009 ). Moving teacher preparation 
out of the confi nes of the university, teaching and learning take place primarily in 
partner schools, community spaces, and cultural institutions where university, 
school, and community partners share the responsibility of preparing PK-12 teach-
ers to serve students from diverse backgrounds. This chapter will focus specifi cally 
on the TLLSC undergraduate programs in which approximately 80 % of instruc-
tional time is spent away from the university campus and in culturally and linguisti-
cally diverse educational settings.

   While TLLSC provides one overarching framework for all candidates regardless 
of area of specialization, professional learning and experiences become increas-
ingly tailored to elementary or secondary science education as candidates progress 
through three phases of the 4-year program.

•     Exploration phase – Semesters 1, 2, and 3 : Candidates develop knowledge and 
skills applicable across teaching contexts and specializations, such as language 
development, culturally relevant teaching, inclusive classroom environments, 
and instructional planning. Simultaneously, candidates engage in professional 
learning across varied school and non-school educational sites (e.g., museums) 
and with a wide array of grade levels and content areas to explore the rich oppor-
tunities across the broad fi eld of education.  

•    Concentration phase – Semesters 4, 5, and 6 : After exploring education across 
contexts, candidates declare their program of study before moving into the con-
centration phase. Here, candidates build pertinent knowledge and skills within a 
focal area of expertise, such as elementary or secondary science. Working along-
side faculty and other education professionals, candidates are purposefully 
apprenticed into science teaching and learning.  

•    Specialization phase – Semesters 7 and 8 : To culminate their programs of study 
and deeply prepare for professional teaching, candidates engage in 1-year intern-
ships teaching science in culturally and linguistically diverse classroom contexts. 
The 1-year internship provides candidates with in-depth, rigorous professional 
experience in science education.    

 In each of the three phases of teacher development, candidates actively partici-
pate in integrated, fi eld-based courses and experiences, referred to as  modules , orga-
nized sequentially across academic semesters, referred to as  sequences . Ranging in 
temporal length from 3 to 8 weeks, modules are designed and implemented based 
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  Fig. 8.1    Program comparison       
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on the needed learning time for content and fi eld experiences rather than the univer-
sity’s semester schedule, as had traditionally been the case. Following the principles 
of Understanding by Design (Wiggins and McTighe  2005 ), the program spirals 
enduring understandings, knowledge, skills, and dispositions across modules and 
sequences. In this way, candidates progressively develop mastery and expertise as 
science educators working in diverse and complex school and community settings. 
Finally, each sequence ends with professional learning communities that bring 
together science education faculty and candidates to collectively make sense of 
semester experiences and learning. See Fig.  8.2 .

       Preparing Science Teachers of English Learners: 
An Apprenticeship Model 

 Collaborating with faculty across program areas, we designed the TLLSC program 
drawing from our shared theoretical and conceptual frameworks and extant research 
on teaching and teacher education. Situated within the sociocultural paradigm, we 
conceptualized teacher learning as occurring through candidates’ participation in 
the social and cultural activities of daily educational practice (Lave and Wenger  1991 ; 

  Fig. 8.2    Program phases and sequence of courses       
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Vygotsky  1978 ). Thus, we designed a  fi eld-based apprenticeship model , where 
university- and school-based teacher educators collaborate with candidates while 
engaging in authentic educational practices (Heineke et al.  2013 ; Nasir and Heineke 
 2014 ; Rogoff  1994 ,  1995 ; Ryan et al.  2014 ). In this way, we aimed to produce 
expert and effective teachers capable of positively infl uencing diverse students’ 
learning, development, and achievement. To this end, we conceptualized teacher 
expertise as developing through apprenticeship across multiple planes of practice: 
(a)  institutional , candidates’ preparation situated in the institutional contexts of edu-
cation, including communities, schools, and classrooms; (b)  interpersonal , candi-
dates’ guided participation in shared practices of teaching and learning, mediated by 
expert teachers and teacher educators, and (c)  individual , candidates’ application of 
learning and appropriation into classroom practice with diverse students (Ball and 
Forzani  2009 ; Rogoff  1995 ; Vygotsky  1978 ; Zeichner  2009 ). See Fig.  8.3 .

   We designed the TLLSC program with the apprenticeship framework to yield 
our goals of high-quality novice teachers for diverse students, specifi cally the large 
and growing population of ELs in Chicago and across the U.S. (Gándara and 
Hopkins  2010 ). Across these planes of institutional, interpersonal, and individual 
practice, we aimed to prepare candidates to effectively support culturally and lin-
guistically diverse students’ language development in science and other classrooms. 
Recognizing that teaching ELs is more than “just good teaching” (de Jong and 
Harper  2005 , p. 1), we prioritized EL teaching and learning across programs of 
study to build general professional capabilities, as well as those specifi c to elemen-
tary and secondary science classrooms (de Jong et al.  2013 ; Manzo et al.  2011 ). In 
this way, TLLSC aligns with the principles that NSTA ( 2009 ) has put forth to ensure 
all students have the opportunities to excel in science. Specifi cally, these guidelines 
call for curriculum and instruction that is standards-based and anchored to investi-
gations that promote inquiry, builds upon students’ prior knowledge and experi-
ences, allows for authentic engagement in the practices of science, incorporates 
literacy skills and the development of academic language literacy, and recognizes 
and respects all learners’ linguistic and cultural experiences. 

 Tapping into recent research and literature, we defi ned teacher expertise for ELs, 
including the enduring understandings, knowledge, skills, and mindsets needed by 
all teachers to positively infl uence students’ social, emotional, cultural, linguistic, 
and academic development and learning (Herrera  2010 ). Running beneath all pro-
fessional practice,  enduring understandings  of language development and learning 
allows candidates to take a linguistic lens in all educational decision-making within 
their classrooms and schools (Lucas et al.  2008 ). Candidates then need deep  knowl-
edge  of their content area and how language develops and operates within that con-
tent area, as well as the unique backgrounds, abilities, and needs of ELs (e.g., 
Herrera  2010 ; Moll and González  1997 ; Valdés et al.  2005 ; VanLier and Walqui 
 2012 ; Walqui and Hertiage  2012 ). Applying knowledge in classroom practice, can-
didates require expert  skills  to support students’ language development, including 
the design and implementation of instruction, learning environment, and assess-
ments with an expert linguistic lens (e.g., Heritage et al.  2015 ; Herrera  2010 ; Lee 
et al.  2013 ). Finally, EL student learning, development, and achievement requires 
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teachers have asset-based  mindsets  with clear vision, purposeful motivation, and 
high expectations that ELs can engage with rigorous academic content while simul-
taneously developing language (e.g., deJong  2011 , Ruiz  1984 ) (Fig.  8.4 ).

   Historically, teacher education programs have not offered experiences specifi -
cally for ELs, resulting in the unpreparedness of the majority of U.S. teachers for 
this student sub-group (Cohen and Clewell  2007 ; Gándara and Maxwell-Jolly 
 2006 ). When universities do recognize the importance of teacher preparation for 
ELs, they often go about implementation in ways that maintain exclusionary silos 
of EL teaching in PK-12 schools, such as maintaining candidates’ learning about 
ELs in one stand-alone course apart from other courses (Heineke et al.  2013 ). 
Noticing the limitations these traditional models, we employed a  targeted  and  inte-
grated  approach to develop teacher expertise for ELs:  targeting  the needed knowl-
edge and skills in specifi c modules and fi eld experiences and  integrating  those 
understandings across the 4-year, fi eld-based program (García et al.  2010 ; Heineke 
et al.  2013 ; Lucas et al.  2008 ; Valdés et al.  2005 ). In the TLLSC program, teacher 

  Fig. 8.3    Apprenticeship 
framework for teacher 
learning (Rogoff  1995 )       

  Fig. 8.4    Teacher expertise for English learners       
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educators designed learning experiences to: (a)  target  enduring understandings 
 central to teaching culturally and linguistically diverse students in the exploration 
phase, (b)  extend  those understandings, knowledge, and skills to grade- and content- 
specifi c instructional practice in the concentration phase, and (c)  integrate  candi-
dates into authentic practice with teaching and learning in the specialization phase. 
In the next section, we share programmatic vignettes of the TLLSC program in 
practice to demonstrate the implementation of the targeted and integrated approach 
to preparing all elementary and secondary science teachers for ELs.  

    Implementation and Outcomes in Practice: Vignettes 
of Teacher Learning 

 While purposefully designed to foster deep teacher learning, the power of the 
TLLSC program is best captured in its implementation and outcomes in practice. In 
this section, we use descriptive vignettes from our program to detail candidates’ 
learning and experiences engaging with science education and ELs in culturally and 
linguistically diverse educational settings. In each vignette, we fi rst provide perti-
nent contextual information for teacher educators regarding the design of science 
teacher education for ELs. We then utilize these descriptive snapshots to detail the 
implementation in practice to support candidates’ professional development in col-
laboration with our school and community partners. Finally, we weave in the inte-
gral lens of candidate outcomes, summarizing fi ndings on impact on teacher 
learning as demonstrated by data systematically collected and analyzed from Fall 
2013 to Spring 2016. To show the developmental fl ow of teacher learning, we orga-
nize the vignettes sequentially across the TLLSC program, as candidates progress 
through phases and develop expertise as science educators for ELs. 

    Targeted Learning in Semester 1, Language Development 
Across Educational Settings 

 Candidates begin their program with a semester sequence,  Introduction to TLLSC 
and the Teaching Profession , which immerses them in a range of instructional sites 
including schools, classrooms, informal learning environments, and local commu-
nities. Within these varied sites, candidates are introduced the profession of teach-
ing with a focus on collaborative relationships within and among schools, families, 
and communities, developing an early understanding and appreciation of the role 
communities play in educating students. Candidates gain exposure to the specifi c 
knowledge and skills necessary for educators to embody the dispositions of the 
profession, including supporting the language development of all youth, and begin 
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to connect those roles and responsibilities directly to the learning and development 
of PK-12 students. 

 Of specifi c interest to this chapter is the second of three instructional modules of 
this sequence, entitled  Bringing Language Learning and Developmental Theory 
into Practice , which is designed to deepen candidates’ understanding of the roles 
and responsibilities of educators in light of the learning and development of youth 
from birth through adolescence. Candidates learn about the cognitive and linguistic 
attainments of students across these developmental levels, as well as the relation-
ship between cognitive, linguistic, and academic development. Unique to the 
TLLSC program is how this site-based study of child and adolescent development 
links theory with practical applications. Local museums and cultural institutions 
allow for observation of youth outside of the formal classroom setting as well as for 
consideration of the ways in which social, cultural, and environmental contexts 
shape children and adolescents’ development. Theoretical perspectives of linguistic 
development, including second language acquisition and pedagogy, are brought to 
life as candidates consider language demands within these various learning con-
texts. For instance, a session at a partner museum begins with a discussion of how 
we all use language in different ways and for different purposes within different 
contexts. After an introduction to World-class Instructional Design and Assessment 
(WIDA)’s Principles of Language Development (WIDA Consortium  2010 ) and a 
review of terms such as academic language, language functions, language demands, 
language scaffolds and supports, candidates head off in small groups into the 
museum exhibitions where they take observational notes about themselves as learn-
ers as well as about the visitors they encounter in these spaces. Each group reports 
back on the prompts provided to guide their observations, such as describing how 
museum-goers utilize language to engage in social and academic dialogue and ana-
lyzing for particular language demands in museum exhibits. 

 Through participation in this sequence, candidates are able to identify specifi c 
examples from site visits to explain how their knowledge of language development, 
second language acquisition, and developmental and learning theories applies in 
both in-school and out-of-school settings. In this fi rst sequence, candidates also 
develop strategies for supporting PK-12 youth to use language and other modes of 
communication to express ideas, information, and concepts while engaged in a vari-
ety of personally meaningful and purposeful activities. For example, in his fi nal 
report, Bob shares that “At the Planetarium I noticed a few of the Montessori stu-
dents talking to themselves while they fi gured out one exhibit. This is a great exam-
ple of Vygotsky’s views on self-talk. It shows how they were talking themselves 
through a problem that they were having trouble with in a way that an adult might 
talk through a problem with a child.” Another group notes the language demands 
from an exhibition they explore at The Field Museum. “In the Egypt exhibit stu-
dents were reading complex signs with fi gurative language, metaphorical language, 
and song lyrics. There were also signs explaining differences in language between 
cultures…a teacher could provide prompts that facilitated connecting with the lan-
guage.” Having visited exhibits within the Chicago Children’s Museum, another 
group draws attention to how spaces require young student to use language to 
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acquire, assess and communicate information. The fi gure above is taken from 
Mathew’s report, in which he reviews how language and play created authentic 
opportunities for young children to develop language abilities and scientifi c under-
standings. Overall, participation in this sequence engages candidates in founda-
tional learning around language, providing candidates a theoretical framework with 
which to understand and conceptualize language development (Fig.  8.5 ).

       Targeted Learning in Semester 3, English Learners in Urban 
Classrooms 

 In the third semester of the TLLSC program, typically occurring during the fall 
semester of sophomore year, candidates round out the exploration phase by continu-
ing to hone knowledge and skills around policy and practice for culturally and lin-
guistically diverse students. All candidates across program areas enroll in an 
instructional sequence entitled  Policy and Practice in Urban Schools , which con-
sists of two fi eld-based modules that explore the macro- and micro-level infl uences 
on daily classroom practice in urban schools. Field sites for teacher learning are 
urban elementary and high schools, including both public and Catholic schools, 
with rich culturally and linguistic diversity and large numbers of students labeled as 
ELs. Candidates are placed at one of six school sites for the duration of the semes-
ter, with the goal to build relationships with cooperating teachers and students 
simultaneous to context-specifi c knowledge and skills. Across these six schools on 
the north side of Chicago, students come to school speaking over 110 different lan-
guages from across the globe. Situated in this diverse locale, instruction for all 

  Fig. 8.5    Candidate’s report on opportunities for language development at a museum exhibit       
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candidates focuses on educational policies and individualized assessment and 
instruction. Candidates investigate the language diversity of partner schools, assess 
the language needs of identifi ed ELs, and present and discuss these fi ndings to peers 
and school faculty. 

 In the fi rst 4-week module, entitled  Educational Policy for Culturally and 
Linguistically Diverse Students , candidates confront questions about how policies 
manifest in daily practice in urban schools. Central to their future roles as educators 
in U.S. classrooms, the module focuses on four key policies infl uencing daily prac-
tice in schools: (a) the current standards, including Common Core State Standards 
(CCSS) (National Governors Association Center for Best Practices and Council of 
Chief State School Offi cers  2010 ) and NGSS, (b) language policy guiding practice 
with EL and bilingual students, (c) special education policy, and (d) the International 
Baccalaureate (IB), a curricular movement in Chicago and across the globe. Tapping 
into fi eld-based settings, module goals are not simply to learn about various court 
cases, laws, and requirements, but to see how educators enact policies in practice to 
support student learning and achievement (Heineke et al.  2015 ). In each module 
session, candidates collaboratively learn about target policies with the instructor, 
move into classrooms with policy-in-practice checklists to guide observations and 
interactions with students and teachers, and return to deconstruct and discuss policy 
in practice in the various and unique classroom contexts ranging across grade levels 
and content areas. For example, Jennifer investigates policy in practice at a Catholic 
high school, where some students struggled to engage with the content lesson due 
to language profi ciency. Tapping into her knowledge of Illinois policy requiring to 
bilingual supports for ELs, she notices the lack of supports for academic language 
development, specifi cally noting that “students’ learning would be enhanced if the 
lesson were taught partially in Spanish.” Unique to the Catholic school setting with-
out the same policy structures as public schools, she goes on to consider the com-
plex task of the teacher in discerning language needs when students lack formal 
labels of language profi ciency. With strategic situation in linguistically diverse 
schools, candidates like Jennifer consistently return to the challenges and opportu-
nities to support students’ language development simultaneous to the implementa-
tion of various policies (Walqui and Hertiage  2012 ). 

 In the second 8-week module, entitled  Individualized Assessment and Instruction 
for Culturally and Linguistically Diverse Students , candidates work one-on-one 
with students to appreciate, discern, and utilize the individual backgrounds and 
needs of students to plan instruction and support student achievement. With the 
primary purpose of the module focused on ELs, candidates collect multiple forms 
of sociocultural, cognitive, linguistic, and academic data while engaged in authen-
tic, language-rich tasks with students (Herrera  2010 ; O’Malley and Pierce  1996 ). 
Through this individualized work with ELs, formalized through case study research 
with students, candidates draw from their experiences to deepen their understand-
ings of foundational theories, principles, and applications of language and language 
development introduced in Sequence 1. Candidates fi rst learn and explore students’ 
funds of knowledge, the unique cultural and familial resources emergent from rich 
experiences in homes and communities (Moll and González  1997 ). After introducing 
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and solidifying the asset-based mindset for ELs and other culturally and linguisti-
cally diverse students, candidates then learn fi rsthand from students’ fi rst and sec-
ond language development as candidates and youth collaboratively engage in 
language-rich academic tasks targeting students’ listening, speaking, reading, and 
writing (O’Malley and Pierce  1996 ). Connecting to knowledge of fi rst language 
development and second language acquisition theories from Sequence 1, described 
above, faculty introduce candidates to the WIDA tools, which include English lan-
guage development (ELD) standards (WIDA Consortium  2012 ), assessments, and 
instructional supports for classroom practice. Candidates use their case study fi nd-
ings to incorporate data-driven, individualized instructional supports for language 
development. 

 Strategically situated after the policy-focused module, this 8-week experience 
pushes candidates to recognize the need to value, recognize, and respond to stu-
dents’ cultures and languages in content instruction. Situated at an elementary 
school with 65 % of students labeled as ELs from a variety of linguistic back-
grounds, Fatima works one-on-one with Agu for the case study project. She purpo-
sively selected Agu to work with and learn from, after realizing that she had falsely 
assumed he was an English-profi cient, African American student due to his skin 
color. Her funds of knowledge interview gleaned information about his native lan-
guage, experiences in coming to the U.S., and his likes and interests outside of 
school. After collecting data on his abilities and needs in listening, speaking, read-
ing, and writing via authentic, language-rich tasks, Fatima puts forth a series of 
instructional recommendations to tap into Agu’s funds of knowledge to increase his 
classroom engagement and support academic language development. For example, 
she proposes the idea of using his love of skateboarding to explore related content 
concepts. Following her fi eldwork with Agu, she spans out and applies her learning 
more broadly, recognizing the diversity within the label of EL, as well as the impor-
tant realization that: “The culture and language of these students are assets in the 
classroom.” 

 Through participation in this sequence, candidates explore how macro-level poli-
cies manifested in teachers’ and students’ practice in urban classrooms. Evidence 
throughout this exploratory semester include: (a) policy case study, where candi-
dates investigate one focal policy from multiple lenses and layers in practice, (b) 
student case studies, where candidates work one-on-one with individual students 
labeled as ELs and as having special needs, and (c) teacher study, which merges the 
macro- and micro-level foci for candidates to critically consider the central role of 
the teacher in decision-making and advocacy for diverse students. Overall, as a part 
of participating in this school-based sequence of learning, candidates uncover the 
nuances of contemporary policies infl uencing classroom practice, specifi cally 
CCSS and NGSS, as well as observing and engaging with the challenges and oppor-
tunities of implementing policies in practice with diverse students (Heineke et al. 
 2015 ). Through their one-on-one work with labeled ELs, candidates also grasp the 
diversity within the label and the centrality of individual students’ backgrounds and 
needs guiding instruction, including rich and diverse funds of knowledge, language 
profi ciency levels, linguistic abilities across domains (i.e., listening, speaking, 
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reading, writing), and corresponding supports and scaffolds in classroom practice 
(Heineke et al.  2013 ; Nasir and Heineke  2014 ). Teacher studies specifi cally 
 demonstrate candidates’ recognition of their active role in implementing policies in 
such a way to positively infl uence students’ language development and academic 
achievement. 

 After rounding out this school-based sequence and the exploration phase of the 
TLLSC program, candidates now shift to the concentration phase where they begin 
to hone knowledge, skills, and dispositions within their selected program of study. 
Drawing from these foundational learning experiences within the policy-in-practice 
sequence, elementary and secondary candidates now begin to sharpen professional 
knowledge and skills for ELs and language development specifi cally in the context 
of science education.  

    Integrated Learning in Semester 4, Language Development 
in Science Instruction 

 In their fourth semester, candidates begin to specialize in a specifi c area and are 
enrolled in their fi rst content-specifi c courses. Elementary education candidates 
enroll in an instructional sequence entitled  Specializing in an Area of Teaching and 
Learning: Integrated Instruction in Elementary Classrooms , which consists of three 
fi eld-based modules that emphasize the common practices shared across science 
and social studies. Instruction takes place within a mix of school and non-school 
settings, including elementary classrooms, the university’s biodiesel and urban agri-
culture laboratories, and local science- and history-focused museums. School-based 
class sessions typically begin with the class meeting together for an introduction to 
content related to the day’s topics and discussion of assigned readings. Then, candi-
dates move into classrooms to interact with teachers and students, bringing to life 
the topics previously introduced. Finally, candidates re-group to debrief their class-
room visits and make sense of their experiences. 

 During the science-focused module, teacher candidates gain familiarity with the 
goals of the Framework for K-12 Science Education and the dimensions of the 
NGSS. They also dig further into WIDA’s ELD standards by considering the explicit 
connections between the content and language standards. As candidates work 
alongside practicing teachers and university faculty to help elementary students in 
small- and whole-group classroom instruction, they consider the language demands 
and opportunities embedded in the NGSS science and engineering practices, and 
how youth use language to construct and communicate meaning in their science 
classes. They also begin to incorporate principles and strategies for teaching cultur-
ally and linguistically diverse learners that they were introduced to in the explora-
tion phase. Key goals related to language development within this sequence include 
being able to: (a) identify the language functions and demands within the NGSS and 
in class activities and assignments, i.e. the specifi c vocabulary and discourse of sci-
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ence; and (b) gather information about the ways in which students make sense of the 
world and create opportunities for them to use the experiences they bring from their 
home and community environments to form scientifi c explanations. 

 First, science, like all content areas, has a specifi c set of vocabulary that requires 
students to code-switch from everyday uses of language to the language of science 
(Brown and Ryoo  2008 ; Moje et al.  2001 ). Science also has a particular discourse 
and the practices of science require multiple language functions (Lee et al.  2013 ). 
For instance, the practice of planning and carrying out investigations requires stu-
dents to use language functions such as designing, describing, planning, and orga-
nizing. The practice of developing and communicating evidence-based claims, at 
the heart of scientifi c argumentation, is developed as students make sense of core 
ideas in science. As the class explores the NGSS, candidates use the partner school’s 
curriculum plan to practice with developing language-based content objectives, or 
those lesson objectives that blend language-intensive practices with science core 
ideas and cross-cutting concepts. Then, they consult WIDA’s Can-Do descriptors 
(WIDA Consortium  2009 ) to determine what supports they might provide for stu-
dents at varying levels of language profi ciency. A refl ection assignment following 
this lesson asks candidates to deconstruct one of the supports or scaffolds they have 
learned about and explain how and why they would implement it in their classroom. 
Julianne, for example, writes:

  Aside from individual vocabulary words, I’ve noticed that my EL students have also strug-
gled with writing sentences afterwards to explain what they did during their experiment/
exploration process, so in order to help support students in this regard, I’ve also made a 
poster, which stays up on the wall year round, with sentence starters for retelling. These 
sentence starts help students restate what their claim was, what evidence they found to sup-
port that claim, as well as how they believe that evidence supports their claim. Ultimately, 
I think it’s most important to realize that yes, all of these supports I’ve just described will 
undoubtedly help an English learner, but it will help every other student in the classroom as 
well. 

   The second goal recognizes that all learners bring linguistic and cultural experi-
ences from their home and community environments to the classroom and the most 
effective science educators and recognize how students’ knowledge, interests and 
experiences serve as the foundation for developing science understandings and sci-
ence identities (NSTA  2009 ; Rosebery and Warren  2008 ). To support the uncover-
ing and incorporating of students’ linguistic and cultural experiences, candidates 
design and conduct science talks with students around current topics that integrate 
NGSS core ideas and cross-cutting concepts. Science talks honor students’ diverse 
experiences and language practices while also reveal information about students’ 
ideas and sense-making in regard to scientifi c phenomena (Rosebery and Ballenger 
 2008 ). Candidates pair up and work with small groups of students to conduct the 
science talk, with one candidate leading the talk while the other audio records and 
takes notes. Then, they switch and the second candidate leads a new science talk 
with a different group. Afterward, the full class regroups to debrief the activity with 
the instructor. Through these discussions and a subsequent essay, elementary candi-
dates refl ect on what they learned about students’ ideas about the selected topics and 
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their sense-making. While most candidates are nervous at fi rst about conducting a 
lesson consisting of open-ended questions and conversations with young students, 
they emerge with a newfound appreciation for this type of formative assessment. 
After fi nishing a talk with her students about the ingredients in household products, 
Korinne excitedly reports “Students were very interested and constantly talking but 
on topic! Each student came around to answers by taking a little bit from each 
other.” Refl ecting on her experience, Janice also notes the opportunities for collabo-
ration that her talk with students about Mars opened up. “The talk illustrated how 
mutually benefi cial thinking out loud together can be for all students involved. Not 
only are they helping to synthesize their own knowledge, but they are also learning 
from one another”. Similarly, refl ecting on her talk with students about the Flint, MI 
water crisis, Aida writes, “Conducting this science talk was a very valuable experi-
ence for me. I learned how to facilitate a discussion using talk moves such as ‘What 
else can you tell me?’ and ‘What do you all think?’…I learned how to come up with 
questions that are clear and open-ended…I actually saw how students have so many 
funds of knowledge from prior experiences.” Together, these examples illustrate 
how the talks aid candidates to develop deeper understandings of some of the ways 
language is used within science, and the knowledge and skills to implement science 
instruction that incorporates literacy skills such as speaking, listening, and persua-
sive argument, thereby promoting both students’ science and language profi ciency 
(NSTA,  2009 ). 

 Overall, as a part of participating in this science-focused module, elementary 
candidates demonstrated competence in developing and defending science instruc-
tion based upon the NGSS and that includes research-based instructional strategies 
to meet the needs of culturally and linguistically diverse students. Demonstrated by 
refl ections and module assignments, candidates broadened and deepened their con-
ceptions of the work of scientists and what it means to engage in the core actions of 
science. Figure  8.6  depicts a page from Sarah’s journal in which she uses graphics 
to help communicate her developing understandings about the role of language in 
science.

   After engaging with science education with a specifi c lens on language develop-
ment, elementary candidates move into their junior year with the clear recognition 
of the interplay of content and language learning to make meaning of future fi eld 
experiences with culturally and linguistically diverse students.  

    Integrated Learning in Semester 6, Sheltered Science in IB 
Settings 

 The sixth semester sequence,  Integrating Content, Cultures and Communities , typi-
cally occurs during the junior year and, for secondary science candidates, is based 
within culturally and linguistically diverse local middle and high school science 
classrooms. Note that a similar sequence takes place for elementary candidates 
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within elementary classrooms, although will not be described in this chapter. The 
sequence begins with candidates honing skills designing and implementing instruc-
tion within their area of specialty (e.g., secondary biology) and then broadens to a 
focus in the second instructional module on interdisciplinary teaching through the 
IB framework, increasingly used throughout Chicago area schools. Throughout the 
semester, candidates engage in deep learning of how to integrate science content 
and pedagogy and how to make curriculum more responsive to students’ immediate 
and future needs, including language needs. Key goals related to language develop-
ment within this sequence include being able to: (a) design instruction that provides 
students with opportunities to practice using language functions essential to 

  Fig. 8.6    Excerpt from candidate’s response to the role language plays in the science classroom       
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developing the practices and understandings about core ideas of science; and (b) 
plan, implement and refl ect upon rigorous science instruction that promotes stu-
dents’ language profi ciency and conceptual understanding. Major course assign-
ments for secondary science candidates include working collaboratively with 
middle or high school teachers to develop and implement a multi-week interdisci-
plinary curriculum unit that effectively integrates NGSS, CCSS, and WIDA stan-
dards and promotes both science and language learning for all students. 

 An early semester experience involves candidates using knowledge and skills 
developed in the exploration phase to take inventories of students’ language assets 
and needs within biology, chemistry, and physics classrooms to then plan instruc-
tional units to meet these needs. Class sessions also focus on identifying the various 
language demands and opportunities for linguistic supports and scaffolds within the 
partner science classrooms. Through participating in these high school science 
classrooms, candidates build understanding of science instruction that incorporates 
language and literacy (i.e. reading, writing, speaking, listening, viewing, and repre-
senting), and how such instruction supports students in promoting both science and 
language learning. During one class session, candidates observe, discuss, and refl ect 
upon questions:  What language demands were associated with the class activities 
and assignments? What language functions were central to the class activities and 
assignments? What specifi c vocabulary of science did the class encounter? What 
were the different ways in which students were able to communicate their learning? 
What other ways might have been offered to them? What language scaffolds were 
provided, or could have been provided? How effectively were learning activities 
structured and differentiated to allow for all students to participate?  As the semes-
ter progresses, candidates become increasingly attentive to the need for differentia-
tion. For instance, Nathan writes in his journal about how an “effective strategy for 
teaching science simply involves removing language barriers,” which can be done 
through strategies such as vocabulary supports, word walls, and graphic organizers. 
Specifi cally seeking to maintain scientifi c learning and academic rigor for all learn-
ers, he noted, “In a science classroom, it would be helpful to break down lab proce-
dures or scientifi c texts for students by providing scaffolding, such as vocabulary 
note cards or modifying handouts to include less complex language.” 

 Later in the semester, candidates plan and implement instruction collaboratively 
with cooperating teachers to: (a) record and discuss language functions that facili-
tate the enactment of scientifi c practices, and (b) consider which class activities 
allow students the opportunity to practice and further develop these functions. For 
instance, class discussion and journal prompts pose questions such as:  How are 
students provided opportunities to practice constructing and communicating expla-
nations, or distinguishing opinion from evidence as they evaluate conclusions?  
Refl ecting on a physics lab in one journal entry, Benjamin writes about the impor-
tance of moving from gathering evidence to providing explanations.

  Analysis is key in making sure students are correctly applying scientifi c principles to their 
lab work. Without analysis, lab work becomes just glorifi ed note taking and bookkeeping. 
When students have to analyze their data and lab work, it means that students are actually 
looking at their lab work, and requires that they be able to use language to communicate 
effectively… It is important that students gain the necessary language skills to be able to 
adequately explain their surroundings. 
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 Candidates also attend to which language scaffolds they feel promote both students’ 
science and language learning, and how these can be altered to match language 
profi ciency.  What ways do you and your cooperating teacher use visualizations, 
digital images and graphic organizers to help make abstract biology, chemistry and 
physics concepts more concrete for students?  For example, Benjamin explains that 
data collected by each lab group “is presented in tables that may make it easier for 
ELs to use symbolic knowledge to complete the assessment.” Building on experi-
ences conducting case studies in Sequence 3, candidates take opportunities to work 
one-on-one with students to gain their perspectives about the effectiveness of the 
scaffolds and supports provided for classroom learning activities. For example, 
Nathan writes about the importance of manipulatives during a mitosis lesson. “A lot 
of scientifi c concepts occur in a three-dimensional space, so being able to see a 
visual alongside learning the content helps students.” 

 Other semester experiences focus on appropriate assessment within the second-
ary science classroom with emphasis on differentiated performance assessments 
that tap into students’ background knowledge. When designing unit plans, candi-
dates must use understandings of learning theories and research to defend instruc-
tion and assessment decisions. For instance, they provide rationales for the different 
options they offer students to demonstrate and communicate their learning. Finally, 
as part of the course’s interdisciplinary unit plan assignment, candidates develop, 
implement, and share the outcomes of formative and summative assessments that 
allow students to demonstrate their learning in multiple and authentic ways. Here, 
they make use of the WIDA Can-Do descriptors to differentiate accordingly for 
varying profi ciency levels. Finally, at the end of the course, candidates explain and 
refl ect upon how effectively their instruction and assessment plans provided stu-
dents with opportunities to engage in scientifi c practices as well as use and develop 
language functions. As an example, Nathan planned for students to verbally explain 
the phases of mitosis by making small group oral presentations of their pipe cleaner 
models. In his rational statement, he explains, “by having students take in language 
and then work to produce language, they foster recognition networks and delivery 
networks in their neural systems.” 

 Overall, through class discussions, refl ective journals, interactions with partner 
teachers and students, and module assessments, candidates recognize the roles and 
responsibilities that science teachers have in promoting academic language devel-
opment, particularly for ELs. Benjamin and Nathan, for instance, show evidence of 
this in their regular inclusion of both content and language objectives and the iden-
tifi cation of academic language demands as well as appropriate instructional sup-
ports. Refl ecting on the language needs of students in his class, Nathan writes 
“Students who are learning language will see success if they are interacting with 
that language frequently and authentically.” Overall, by the end of this sequence, 
candidates demonstrate increased ability to differentiate instruction and assessment 
to meet the learning needs of students and are ready to move on to a full year of 
student teaching   
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    Conclusions and Recommendations 

 In this chapter, we described the design and implementation of one university’s 
teacher education program that prioritized preparation for ELs and situated profes-
sional learning in schools and communities with culturally and linguistically diverse 
students. Now entering its fourth year of collaborative implementation with faculty, 
teachers, and leaders in the urban hub of Chicago, data have demonstrated the effi -
cacy of the fi eld-based model and targeted and integrated approach to EL teacher 
preparation (e.g., Birmingham et al.  2015 ; Heineke et al.  2013 ,  2015 ; Nasir and 
Heineke  2014 ; Ryan et al.  2014 ). Across the past 6 years of programmatic design 
and implementation, we have come to recognize the challenges and opportunities of 
utilizing a fi eld-based program for preparing teachers for work with ELs in science 
classrooms. With the growing cultural and linguistic diversity across the U.S., as 
well as the large number of students labeled as ELs (Gándara and Hopkins  2010 ), 
opportunities center around the professional development of elementary and sec-
ondary classroom teachers who design rich science and language learning environ-
ments and instruction for all students. Nevertheless, challenges arise in this plight, 
including the preparedness of teacher educators in both classrooms and universities 
to facilitate this learning with candidates. We close the chapter by using our chal-
lenges and opportunities to draw conclusions and offer recommendations for sci-
ence teacher educators to develop and implement language-focused professional 
learning and development for beginning and experienced teachers. Here, we empha-
size ways for science and language educators to leverage collaborations across their 
local schools and communities. 

 Challenges of this collaborative approach to science teacher education center on 
the traditional structures guiding daily practice in universities and schools of educa-
tion, as well as on the traditional boundaries between teacher education faculty. The 
same silos that often characterize PK-12 school organization, such as the separation 
between ESL teachers responsible for supporting students’ language development 
and science teachers focused on content-specifi c teaching and learning, also mani-
fest at the university (Heineke  2014 ). EL-related faculty teach EL-specifi c courses 
to candidates who have typically opted into an ESL endorsement, whereas science- 
related faculty teach science-related courses to candidates who have chosen science 
education as their desired fi eld of study. To successfully design and implement the 
TLLSC program, we fi rst had to shift and redefi ne our collaborative faculty mind-
set, prioritizing the needs of PK-12 youth and schools, which included the demand 
for all teachers to have deep and extensive knowledge and skills for ELs (de Jong 
and Harper  2005 ; Gándara and Maxwell-Jolly  2006 ). This shared commitment sup-
ported the initial dissolving of the traditional content boundaries and led to partner-
ships across teacher education faculty. Whereas EL faculty maintain responsibility 
for the targeted EL learning experiences, they collaborate with science education 
and other faculty to ensure purposeful and effective integration of EL knowledge 
and skills across programs of study. This requires science education and other 
content- area faculty to acknowledge that we must be profi cient in the same breadth 
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of knowledge and skill sets that we ask of our beginning teachers. Just as candidates 
commit to accepting the responsibility of promoting all students’ academic literacy, 
so must all teacher educators accept the responsibility of ensuring that their courses 
prepare candidates for this charge. Likely, this commitment necessitates science 
education faculty to seek out professional development of our own. In sum, readers 
should recognize that what we describe in this chapter was in no way straightfor-
ward, quick, or easy: the purposeful re-design of our teacher preparation programs, 
as well as the strategic targeting and integrating of EL-specifi c knowledge, skills, 
and mindsets, took and continues to require ample time, effort, collaboration, and 
negotiation. 

 Despite the challenges that we faced and maneuvered throughout the design and 
implementation of our fi eld-based teacher preparation program, we want to empha-
size the opportunities that made, and continue to make, the work worthwhile. 
Primarily, we have found that candidates and teacher educators learning alongside 
classroom teachers, school leaders, and community experts yield valuable experi-
ences for all involved, while simultaneously improving both teacher and PK-12 
education (Ryan et al.  2014 ). Explicit in our approach is a commitment to mutual 
benefi t, where we ensure that our school and community partners gain as much 
from the TLLSC program and university partnership as do our teacher candidates 
and educators (Kruger et al.  2009 ). We have committed partners who enthusiasti-
cally welcome our faculty and candidates every semester, recognizing the benefi ts 
for youth and classroom teachers, including having extra sets of hands in the class-
rooms and teachers learning from candidates’ contemporary and comprehensive 
expertise. Additionally, we offer opportunities for schools to improve and build 
capacity, specifi cally recognizing the needs for teachers and school leaders to 
develop knowledge, skills, and asset-based mindsets around ELs and supporting 
students’ language development (Lucas et al.  2008 ; Valdés et al.  2005 ). Tapping into 
our human and material resources at the university, we provide an array of profes-
sional development opportunities for our partners, including bi-annual conferences 
broadly focused on EL teaching and learning, workshops on language development 
targeting content area teachers, and clinical vouchers for hosting candidates that can 
teachers can exchange for ESL endorsement coursework. Participating in these pro-
fessional development opportunities has also proven valuable for science education 
and other content-area faculty whose preparation for teaching PK-12 and adult 
learners did not consist of the sort of instruction described in this chapter. In this 
way, we seek to build broader educational capacity for ELs through both our current 
partners and future teachers. 

 Drawing from these challenges and opportunities, our recommendations for sci-
ence teacher educators center on designing opportunities for collaborative profes-
sional learning for all stakeholders, including teacher candidates, university faculty, 
cooperating teachers, and school leaders. First, begin conversations with teacher 
education faculty to collaboratively evaluate your program’s effectiveness in pre-
paring elementary and secondary science teachers for today’s culturally and linguis-
tically diverse classrooms, schools, and communities. Next, once faculty have 
collaboratively committed to preparing all science teachers for ELs, defi ne the nec-
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essary knowledge, skills, and mindsets and strategically design instruction that tar-
gets teacher learning specifi cally for ELs and also integrates and applies EL 
expertise into science education. Then, build partnerships with schools, community 
organizations, and cultural institutions to leverage the external expertise in science 
and EL education in order to provide candidates with authentic and rigorous teach-
ing and learning experiences. Finally, recognize the opportunities to not only sup-
port the learning and development of teacher candidates, but to simultaneously 
build capacity for science education for ELs in local classrooms, schools, and com-
munities. In sum, through fi eld-based, science teacher education for ELs, teacher 
educators hold the great opportunity to improve science education in PK-12 schools.     
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   Part II 
   In-Service Teacher Preparation 

                 

  The Project  
 The Inheritances Books are a collaborative project between Ichabod Crane High 

School’s Illustration and ELL students. It is made possible by a grant from the 
Berkshire Taconic Community Foundation. 

  The Student-Artist  
 Isabelle Tennier, grade 11, 16 years old.      
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    Chapter 9   
 The Integration of English Language 
Development and Inquiry Science into 
a Blended Professional Development Design                     

     Susan     Gomez     Zwiep      and     William     J.     Straits    

         Introduction 

 The directive from science education reform documents is clear; all students should 
have opportunities to participate in scientifi c inquiry throughout their K-12 educa-
tion (American Association for the Advancement of Society  2009 ; National 
Research Council  2012 ). However at the elementary level, science is often over-
looked or underemphasized due to the pressure to perform well on math and lan-
guage arts assessments (Dorph et al.  2011 ). Access to science is further diminished 
in schools with large populations of English Language Learners (ELLs) where the 
urgency to develop English profi ciency is an additional pressure on teachers and 
students (Brown and DiRanna  2012 ). Instructional policies often exclude ELLs 
from equal access to quality science instruction in an effort to hasten their English 
language development. This restricted access to science affects a signifi cant number 
of students; in California, where this study took place, more than 22 % (1,413,549) 
of K-12 students and nearly 35 % of K-4 students are English Language Learners 
(California Department of Education  2015 ). 

 Contrary to this approach, a substantial and growing body of research suggests 
that English Language Development (ELD) and science instruction are complemen-
tary (Gomez Zwiep and Straits  2013 ; Gomez Zwiep et al.  2011 ; Lee et al.  2013 ; 
Stoddart et al.  2002 ; Yore et al.  2006 ). Inquiry science can provide a learning envi-
ronment where collaboration and peer-to-peer talk is a natural part of how students 
make meaning. Given the hands-on nature of inquiry science, it also can lower the 
linguistic burden for students while they engage in this learning (Lee et al.  2006 ). 
Furthermore, the integration of scientifi c inquiry and second language acquisition 
can promote higher-order thinking (Stoddart et al.  2002 ) that is often absent when 
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lessons are dependent upon an ELL’s English-based literacy skills for complexity. 
The potential for language learning during science instruction is great, but what 
should an ELD-focused, inquiry science lesson look like and could it actually 
achieve this potential? 

    Setting 

 We began our work with a large, urban, California school district in 2008. At the 
onset of our project the district was serving a culturally and linguistically diverse 
population with large numbers of English Language Learners (56 % of K-4 stu-
dents) and students living in poverty (81 % of K-4 students) (California Department 
of Education  2015 ). For the majority of ELL’s in the district Spanish was the pri-
mary language (98 %, California Department of Education  2015 ). The district 
served neighborhoods that were more likely to function in Spanish, both socially 
and in commerce, limiting student access to English outside of the school day. 
Subsequently, the district had a signifi cant number ELLs entering Kindergarten 
with little to no English profi ciency. These students typically mastered Basic 
Interpersonal Communication Skills (Cummins  2008 ) by 2nd grade and gained 
intermediate fl uency by 4th grade. However, ELLs often failed to develop the neces-
sary English to engage in academic tasks (Cognitive Academic Language 
Profi ciency) with many stalling at the intermediate-advance levels of profi ciency at 
the end of middle school. This trend was common across all schools in the district. 

 The district was in danger of federal sanctions due to its failure to make Adequate 
Yearly Progress (AYP) towards statewide profi ciency goals. An analysis of state 
testing data from years prior to our work indicated that the majority of all students 
were failing to make adequate academic progress in Language Arts, Mathematics, 
and English acquisition. English Language Learners were a particular concern as 
this sub-group consistently fell below the AYP minimum across the district at all 
grade levels. In response, the district mandated increased instructional time for sub-
jects weighted heavily on state exams (i.e., English Language Arts and Mathematics). 
As a consequence, students received very little, if any, instruction in science. This 
was particularly true of ELLs who, in addition to increased Language Arts and 
Mathematics, received additional instruction in English Language Development. 

 As we began our work, the program and its goal of improving science and lan-
guage learning for English Language Learners was explained to each elementary 
site within the district, in an effort to recruit schools. Schools were then invited to 
participate based on evidence of a complete, site-based commitment to the program. 
This commitment included the principal’s and all K-4 teachers’ participation in pro-
fessional development and a willingness to replace the current English Language 
Development curriculum and to provide daily instructional time for science in 
grades K-4. The level of commitment ranged among participating schools but over-
all there was a signifi cant level of buy-in by both teachers and site administrators 
from the beginning. 
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 The teachers at our three participating schools all entered the program at similar 
places in their profi ciencies with science and ELD instruction. For several years, the 
school district had invested extensive resources towards ELD professional develop-
ment and virtually no resources to science in the elementary grades. Therefore, the 
teachers had a reasonable depth of knowledge related to ELD when the project 
began, but quite the opposite for their science teaching knowledge. Encouragingly, 
one of the main reasons teachers and principals were willing to participate in the 
professional development was an awareness that their science teaching needed 
improvement in order to more fully serve their students. 

 Prior to the implementation of our science/ELD blended program, the district 
used a popular ELD program correlated with the state’s English Language Arts and 
English Language Development standards. This program focused on developing 
academic vocabulary and language skills through the use of multi-leveled reading 
selections and also relied heavily on teacher modeling correct forms of English and 
academic language use. The reading selections included fi ction and non-fi ction text, 
but topics were not aligned with content standards. In 2008, after years of using this 
ELD program, a total of 60 elementary teachers (grades K-4), three elementary 
school principals, six district second language acquisition coaches, and more than 
2000 students participated in a bold change – abandoning their adopted ELD pro-
gram and embedding ELD instruction into inquiry science lessons.   

    Teacher Professional Development Model 

 A professional development team comprised of district personnel, higher education 
faculty, and a state-wide professional development organization collaborated to 
assist the teachers and administrators who participated in this professional develop-
ment project. The overall structure of this 3-year, professional development effort 
included intensive 2-week long, summer institutes that focused on a language 
socialization approach to second language acquisition theory and practice (Duffy 
 2002 ) and on science content and inquiry-based science pedagogy, along with site- 
based lesson study teams, called Teacher Learning Collaboratives (DiRanna et al. 
 2009 ) held throughout the school year. The major components of the project include 
professional development related to science content, science pedagogy, and second 
language acquisition theory and strategies. 

 At the beginning of the project, the professional development team approached 
the development of a science/ELD blended lesson design with different foci for les-
son planning. Science educators advocated for the use of Bybee’s ( 1997 ) 5E lesson 
design (i.e., engage, explore, explain, elaborate, and evaluate) as the lesson planning 
template. Specifi cally, we proposed using a version of the 5E design that included 
an additional section for teachers to explicitly state the science concept developed 
at each phase, from students’ prior knowledge to the fi nal learning goal of the lesson 
(DiRanna et al.  2009 ). This science lesson template would emphasize conceptual 
understanding, hands-on activities, and student interaction and support the creation 

9 The Integration of English Language Development and Inquiry Science...



166

of lessons that began with the elicitation of students’ prior knowledge of a concept 
and then provide a series of experiences that allow students to build on that initial 
understanding. Although this focus included specifi c points in each lesson where 
students would discuss their thinking with peers and their teacher, vocabulary and 
specifi c language functions and forms were not emphasized during lesson 
planning. 

 On the other hand, the ELD professionals on our team focused on traditional 
ELD lessons that made the language of instruction (oral and written) accessible to 
learners through the use of specifi c language forms (e.g., grammatical features or 
word usage) and language functions (i.e., the task or purpose, such as compare). 
Within a lesson, language was made accessible through the use of explicit instruc-
tion, modeling, and scaffolding by the teacher (Duffy  2002 ). Language forms and 
functions were scaffolded with predetermined sentence frames that students could 
use to build language (for example, “I think ______ because ______.”). Sentence 
frames provided necessary support for students to generate sentences and express 
their thinking as students often possess vocabulary specifi c to the content, but lack 
the words or phrases necessary to construct sentences. In addition, ELD lessons 
often front-loaded language, pre-teaching specifi c grammatical structures and 
vocabulary prior to their use in a cognitive task. In ELD lessons, language instruc-
tion was often embedded in content-based lessons, but conceptual understanding of 
that content was not always emphasized; the goal was the development of English 
language skills (Echevarria et al.  2008 ). 

 Our science education philosophy was grounded in inquiry instruction where 
concepts and language unfold out of student-centered learning experiences, while 
our ELD philosophy relied more on highly-facilitated instruction where the teacher 
frames, directs, and monitors student language use, accommodating for varied 
English language profi ciency levels. However, in reconciling these two philoso-
phies learning opportunities were created that provided access to rigorous science 
content for English learners while simultaneously developing their profi ciency in 
English language. The richness of the blend was due to several factors. First, science 
practices and thinking skills mirrored functional language purposes (e.g., describ-
ing, comparing, citing information). Second, science content provided a highly- 
contextualized setting for language development. Finally, science provided 
important opportunities for students to engage in and demonstrate complex think-
ing, even if students were not yet profi cient in English. However, success in this 
approach was dependent on several considerations. Vocabulary, along with specifi c 
language functions and forms, needed to be carefully examined for what, when, and 
how they would be used. Determinations of which new words should be embedded 
in the lesson and which new words should be front-loaded (pre-taught) were based 
on the instructional goals of the lesson. And throughout the lesson student thinking 
needed to be prioritized; as such, the science should not be simplifi ed in an attempt 
to simplify language. 
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    Year 1 

 During our fi rst summer institute, teacher professional development occurred in 
three sessions: science content, science pedagogy, and second language acquisition. 
While the science pedagogy and second language acquisition sessions were designed 
to improve the implementation of science and language development learning expe-
riences for students, the science content sessions were designed to increase teacher 
understanding of both scientifi c ideas and science practices. Approximately half of 
each summer institute was dedicated to deepening teachers’ science content knowl-
edge through these content sessions, which focused on teacher learning and were 
delivered at an adult learner level to provide rich, and challenging, inquiry learning 
experiences. These inquiry experiences provided context for authentic language use 
while participants struggled to make meaning of challenging content. 

 The placement and relationship among the three different sessions changed each 
year to increase their connection and explicit use by facilitators. In the initial year 
of the project, the three components were presented as separate elements to teach-
ers. However, even at this early stage, the facilitators purposefully merged specifi c 
elements to model the integration of science learning and language elements during 
each session. For example, science content sessions utilized models and strategies 
presented in pedagogy sessions, including the using the 5E lesson design and inte-
grating facilitated questioning strategies and linguistic supports, such as the use of 
realia, partner talk, sentence frames, and other linguistic supports. 

 During the school year, teachers participated in three rounds of grade-level spe-
cifi c, lesson study. The lesson study rounds were each 2 days long: 1 day for col-
laborative planning and 1 day for collaborative teaching and refl ection. The fi rst day 
of the lesson study supported teachers in planning a 5E science lesson and then 
blending into the lesson specifi c second language acquisition elements to build stu-
dents’ profi ciency in English. On the second day, teachers collaboratively taught the 
lesson twice, with time to modify the lesson between teaching rounds based on their 
analysis of student work produced during the lesson.  

    Year 2 

 Once participating teachers had a foundation of science and language pedagogy, the 
second year of the institute was more explicit in the merging of science and lan-
guage. Although, many teachers began the program with established expertise in 
using appropriate strategies for English Language Learners, they did not always 
know how to use these techniques within a science context. Summer institute ses-
sions were designed to demonstrate how typical language development strategies 
could support students’ language and learning as students discuss and debate ideas 
about scientifi c phenomena. In the second summer institute, the second language 
acquisition sessions used material from content sessions as context for discussion 
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and exploration. To accomplish this second language acquisition experts partici-
pated in the science content sessions, noting the types and forms of language used 
by participants as they explored topics such as properties of matter, force, and 
motion. A sequence of planning was made explicit: science fi rst, language second. 
This sequence was followed in both the presentation of session materials and the 
protocols for teacher-developed lessons. This sequence ensured that the science 
content was accurate and appropriate for the grade-level, avoided artifi cial and awk-
ward language that may have obstructed student thinking, and utilized teachers’ 
natural discussion during their collaboratively-planned science lessons to identify 
student language needs. 

 In our second year, the science/ELD blended lesson design template (Fig.  9.1 ) 
was formalized. This 5E-based template included columns for teacher actions and 
student actions, as well as places for teachers to identify the science concept and 
primary language function developed during each phase of the lesson (Gomez 
Zwiep et al.  2011 ). Language functions were added to the lesson template to encour-
age teachers to pre-think which language functions would naturally emerge during 
the inquiry and would require support. Identifying the function of language that 
students would be using during the science lesson allowed teachers to select and use 
the appropriate linguistic scaffolds such as sentence frames and graphic organizers. 
For example, if students were creating descriptions teachers would employ strate-
gies to support describing; if students were comparing and contrasting, teachers 
would employ a different set of linguistic scaffolds. The student action column was 
divided into sections to focus teachers on the varied English profi ciency levels in 
their classrooms. These sections provided a place for teachers to plan specifi c strate-
gies based on language function and specifi c to each profi ciency level. For partici-
pating teachers, the use of language functions were a familiar part of ELD lessons; 
teachers had great experience with their use. Here, teachers applied this expertise as 
they designed science lessons that provided an authentic and natural use of a lan-
guage function within a context-rich environment.

Science Objective:
Science Standard:
Language Objective:
ELD Standard:

Teacher Does Student Does
Differentiated by Language Level

Science Concept
and Language

FunctionLow Medium High

Engage
Explore
Explain
Elaborate
Evaluation

  Fig. 9.1    Science/ELD blended lesson design template. This modifi ed 5E lesson plan template 
identifi es science concept development, language function, and teacher and student actions. 
Student actions are differentiated based on language profi ciency level       
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   During the lesson study sessions, facilitators pushed teachers to be more specifi c 
about student responses, such as specifying language frames at each stage in the 
lesson. For example, if students were asked to recall information about the proper-
ties of rocks in the engage phase of a lesson, teachers might discuss the prior knowl-
edge students might have about rocks and how students might communicate that 
knowledge; the facilitator would then encourage additional discussion about means 
for eliciting and representing these student ideas, such as using drawings, graphic 
organizers, or sentence frames, and what these might look like at different levels of 
profi ciency. This allowed for more specifi c language support, and made it easier for 
teachers to engage students with limited English skills in more scientifi cally-rich 
conversations and activities.  

    Year 3 

 The blended design developed further during the fi nal year of the project. As teach-
ers grew in their sophistication, our discussions of science and language became 
increasingly seamless. To a great extent the professional development and the work 
of teachers was “science/ELD” and not, “science” and “ELD.” We continued to 
provide much-needed science content, but our science pedagogy and language 
development pedagogy sessions were largely devoted to facilitated planning time 
for teachers to develop, through a multi-step process (see  Appendix ), their own 
blended lessons and units. The content sessions included an explicit focus on the 
nature of science, emphasizing scientifi c forms of discourse, such as the use of evi-
dence and reasoned arguments. These sessions emphasized how language is used 
within the scientifi c community to validate or discredit new ideas through public 
debate (written and oral) (Osborne  2014 ). These “scientifi c” forms and uses of lan-
guage were introduced to teachers, helping to further solidify the link between sci-
ence and language. 

 During this fi nal year, it was decided that within our blended lessons students 
needed more room to express their ideas and that more room was needed for the use 
of primary language and “imperfect” language (Lee et al.  2013 ). Initially, we 
thought it was necessary for language functions and frames to be identifi ed in each 
phase of the 5E lesson design. However, as teachers developed their expertise and 
students were exposed to quality science instruction, the role of imperfect language 
became evident. Opportunities for less structured language were created within the 
summer professional development sessions and included in the lesson study proto-
col used during the school year. Allowing students more freedom in how they com-
municated their thinking created deeper science understanding and promoted 
language development opportunities. Primary language and “imperfect” language 
was given more room in the fi rst phases of the 5E lesson to allow natural language 
and space for student thinking while science understanding is developing. Sentence 
frames and other linguistic supports that focused on correct grammatical structure 
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were removed from the fi rst two phases (engage and explore) of the lesson. However, 
formal second language supports are still included in the later phases (explain and 
elaborate) of the lesson to help students articulate their thinking.   

    Materials 

 Although this professional development project aimed to support K-4 teachers in 
teaching science/ELD blended lessons, at the outset the professional development 
team did not have a vision for what science/ELD blended lessons should look like. 
The planning tools we presented to teachers were living documents with elements 
added, amended, and completely thrown out during the course of the project. We 
made herky-jerky progress. And, in the end, had a blended science/ELD lesson 
planning tool that teachers found highly effective ( Appendix ).  

    Outcomes 

 In an effort to better understand how this project impacted teachers’ practice, we 
analyzed teacher-generated lesson plans, observed classrooms as teachers imple-
mented these lessons, and conducted semi-structured interviews with participating 
teachers and principals throughout the project. Selective coding (Charmaz  2002 ) 
was used to sort, synthesize, and conceptualize the emergent qualitative data by 
adopting frequently appearing initial codes relevant to the focus of the study. Coded 
data that posed coherent sets of ideas, were organized into categories. These catego-
ries were revisited as new data provided alternative vantage points for re- 
interpretation. Ultimately, those categories that sustained coherent and plausible 
interpretations were organized as key insights. These insights provide perspective 
on the impact the blended program had on teachers, students, and the overall school 
culture. 

    Enhanced Status for Science 

 It is an understatement to say that prior to the implementation of the blended pro-
gram, science was not a priority at our participating elementary schools. In fact, 
teachers reported that, when new science textbooks were adopted in 2008, at the end 
of the 7-year curriculum cycle, they turned in brand new science textbooks, never 
opened. “We all joked when we were turning them that some of us let the kids take 
them home for a week before we turned them in so that they would look more used.” 
However, the status of science changed with the implementation of the new pro-
gram. This was in part because the program required science be part of ELD which 
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long had dedicated instructional minutes during the school day. As one teacher 
explained,

  English language development has always been a key focal point. It is so engrained in us 
that we need 45 minutes a day, no matter what. Putting both of them [science and ELD] 
together makes science one of the top priorities. Before it was we had half an hour a week 
to teach science, social studies and P.E. Now science is taught everyday. 

 Science became a “top priority” primarily because of its link to student English 
language development and the importance of English profi ciency for success during 
state testing. Because high-stakes tests are often given in English, the performance 
of English learners is often indicative of their English profi ciency rather than the 
skill or knowledge being assessed. Given this and the long history of emphasizing 
ELD at our participating schools, it was not surprising that connecting science to 
ELD heightened the importance of science in the eyes of teachers and administra-
tors. What was surprising to participating teachers was students’ responses to 
science. 

 Students at the participating schools were excited about science and looked for-
ward to their science lessons. While the hands-on, process of discovery is often 
intrinsically motivating for students, there was more to the additional appeal of sci-
ence for students than engaging lessons. From the student perspective, the program 
was seen as a switch to science rather than a different approach to ELD, lifting away 
their perceived negative stereotypes related to the label “English Learner.” Prior to 
the project, students who were considered profi cient in English were given full 
access to the curriculum; students designated as English learners received addi-
tional instruction in English at the expense of participating in other subjects, such as 
science. As one teacher reported, “One of my students told me, ‘I don’t go to ELD 
anymore, now I get to go to science instead.’” Additionally, perhaps due to the fact 
that science is now seen as a privilege, students have fewer behavioral problems 
during science lessons compared to other instructional times during the day. “Now 
I don’t have any real behavior issues. Now I just say, ‘Is that how scientists act?’ and 
they get back into it. They’re really intense.” This came as a surprise to teachers who 
had previously expressed fear of keeping students on task and behaving appropri-
ately during science, as a major factor discouraging them from hands-on science.  

    Increased Use of Oral Language 

 A critically important impact of students’ excitement for science was that students 
became excited about talking about their ideas and new learning in science. Across 
the board, teachers and school administrators were overwhelmed with the students’ 
increased use of English. Teachers reported this increase in both oral and written 
English, but seem most impressed by students increased use of oral language. 
Teachers were noticeably delighted when they described the change in their stu-
dents’ willingness and ability to communicate in English. “It is much more exciting 
so kids are willing to talk more, in English.” “You should see the vocabulary they 
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[students] use now, ‘we predicted today, we did some observations.’” This increase 
in English use extended beyond science and beyond the classroom. Principals and 
teachers across the participating school sites described an increase in English use in 
other content areas and in non-classroom settings such as recess or in the offi ce 
when speaking to support staff. School principals reported that students often want 
to tell them about the science activity, book, or lesson they are learning about in 
class, “When I am walking around the cafeteria or see the children walking out of 
the library they can’t wait to tell me about the different planets, rocks and minerals, 
or erosion.” Principals also noted an increased English language use beyond aca-
demics. “We had a group of students in the offi ce trying to settle a dispute that 
occurred on the playground and they were using English even though the offi ce staff 
are fl uent in Spanish. That was a fi rst around here.” This increased use of oral lan-
guage, both within and outside the classroom, was perhaps the most apparent and 
wide-ranging impact of blending science and ELD instruction.  

    Changes in Teacher Perceptions 

 Our close work with teachers provided important insights to teachers’ creation and 
implementation of science/ELD blended lesson plans. Many of these are not earth- 
shattering for teacher educators, but were enormously enlightening for individual 
teachers as they grew in their understanding of effective teaching and their ability to 
critique their own practice. In particular, teachers grew to be more effective in and 
critical of their planning for instruction and structuring of lessons. As stated by a 
teacher,

  It is how I teach it that is going to give me the desired outcome. If I expect the child to know 
this then I need to guide them to that place and not expect it to come out of the blue some-
where in my lesson. It makes sense, but I never thought about it that way before. 

 Participating teachers shared additional ways they had grown as professionals, most 
prominently in terms of their expectations of students and the affect these new 
expectations have on their pedagogy. Many teachers interviewed described a shift in 
thinking about what a child with limited English is capable of learning, becoming 
more focused on how they structure learning in their classrooms and less focused on 
the label of a student. “Even my low EL learners can verbalize these things [science 
understandings]. You have to expect them to because sometimes it is just the lan-
guage and not that they aren’t thinking these things in their minds.” Teachers often 
commented on the belief that their students can have a good understanding of the 
science, but be limited in their ability to express that thinking by their language abil-
ity. In other words, a limited student response might represent limited English skills 
rather than limited conceptual understanding. For example, although our teachers 
believed sentence frames to be essential scaffolds for students with limited language 
skills; they grew to understand that the sentence frames they provided limited stu-
dent responses and resulted in student work that failed to display the range of con-
tent understanding. This critical insight led teachers to explore additional measures 
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of student understanding (especially for students with beginning language skills) 
that were not as language dependent – developing assessments that included graphic 
organizers, pictures, and asking students to physically manipulate materials.  

    Student Achievement 

 Of course, teachers and administrators didn’t just tell us about the benefi ts of the 
program, they also told their peers at other schools and the science/ELD blended 
lesson design spread across the district. But this spread, not to mention the sustained 
enthusiasm of our participants, may not have occurred if it not for the program’s 
impact on student achievement data. Student achievement was measured using 
existing state-mandated tests in English Language Arts and English Language 
Development. The number of students in the sample varied depending on the num-
ber of students who were present and completed the assessment each year. However, 
all students at the three treatment and two comparison schools with a valid score on 
these assessments were included in the sample. Comparison schools were chosen 
based on similar student demographics (socio-economic status, ethnicities, percent-
age of ELLs) and previous performance on state assessments. In the analysis of 
student achievement data, a response variable of mean improvement from a baseline 
year was used. Baseline was determined by the year a student started at the school 
site. There is not one baseline, but rather multiple ones corresponding with each 
student’s arrival at the site (i.e., when they began the program). This provided a 
richer sample for analysis than using a single baseline for analysis allowing all stu-
dents who had a score on any measure to be included in the sample. For example, 
for a 1st grader who began in the school year 2006–2007 the analysis followed the 
improvement from 2007 to 2008 (Year 1 improvement) to 2010–2011 (Year 4 
improvement). Since the analysis used student profi ciency levels, an ordinal vari-
able, non-parametric statistics were used. Group statistics and Mann–Whitney U 
tests were performed on state assessment data to compare differences between the 
comparison and treatment schools. A Bonferroni correction was used to help reduce 
the overall type 1 error rate to 5 %. 

 This project began when, in desperation, schools were willing to remove their 
district’s established and widely used curriculum in favor of a novel approach to 
both elementary science instruction and English language development. In so doing, 
we essentially “stole” instructional minutes from second language acquisition to 
make room for science, a subject that, prior to our project, was rarely taught. 
Honestly, we would have considered our project a success if participating students 
simply continued to develop their English language skills at a rate similar to those 
of students who used the state-adopted English Language Development program. 
Instead, results from student assessments indicate that the English language 
 profi ciency of students in the blended program, when compared to students partici-
pating in the traditional ELD program, actually improved. Although gains were 
modest, improvement was seen across multiple indicators and through different 
means of data analysis (overall profi ciency, sub-skills, multiple years of treatment). 
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There were statistically signifi cant gains in student performance on the California 
English Language Development Test for students with 1, 2, 3 and 4 years of partici-
pation (U = 4.226, U = 5.205, U = 5.134 and U = 5.321, respectively and p = 0.000 for 
all years). Signifi cant improvements were seen in student performance on the 
California State Test, English Language Arts for 1, 2 and 4 years of participation 
(p = 0.000, 0.004, and 0.040 respectively). In particular, participation in the blended 
program appears to have had a positive affect on students’ oral language develop-
ment (i.e., listening and speaking). For many in our district, this was the proof that 
mattered and it has helped to sustain science instruction at our participating schools 
and others in the district.   

    Summation 

 This project developed a successful method for improving K-4 students’ English 
language skills. Success was a direct result of the blended lesson design’s focus on 
creating opportunities for students to work collaboratively, discussing and debating 
their ideas with evidence from scientifi c investigations. Student-to-student dialogue 
is a major component of the blended lesson design, as scientist-to-scientist dialogue 
is a central component of the scientifi c enterprise. These opportunities need to be 
carefully crafted to allow students space to explore new science concepts and using 
manipulatives and other realia (Lee et al.  2013 ; Snow  2010 ). Teachers should pro-
vide language scaffolds, but these carefully crafted language supports should not 
interfere with the scientifi c inquiry central to the construction of new scientifi c 
knowledge. Vocabulary essential for participation during science investigations 
(hard, blue, smooth) is front-loaded and language frames are provided, but these are 
designed to support authentic scientifi c inquiry and maintain the central role of stu-
dent thinking within instruction. Learning occurs best when students feel safe to 
share their developing science ideas, with whatever communication skills they pos-
sess, including possibly imperfect language. The lesson design should provide lin-
guistic supports that allow space for student ideas to develop and promote 
communication while still acknowledging student contributions for their value 
within scientifi c discourse. This provides a more authentic and rich environment for 
both science and language development. In this project, we did more than simply 
replace science topics for the existing topics in the ELD instructional materials; we 
attempted to integrate the best of both science instruction and English language 
development. 

 The successful blending of inquiry science and language development requires a 
signifi cant level of skill and knowledge. Science specifi c pedagogical content 
knowledge is needed to identify the optimal moments to support language within 
science while keeping the inquiry and rigor of the science intact. Which language 
forms or functions are necessary for students to fully engage in the science learning 
and which would stifl e their explorations are decisions best made by teachers who 
possess great knowledge of second language development and command a deep 
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understanding of science content. Therefore, although some measure of success 
could be achieved without it, extensive teacher professional development is needed 
to optimize use of the blended science/ELD lesson model. With this support, sci-
ence classrooms can be rich language learning environments where ELLs use and 
develop language to make sense of scientifi c phenomena around them.      

      Appendix: Planning Sequence of 5E/ELD Lesson Design 

 In teachers’ use of the science/ELD blended design template a specifi c sequence 
was followed. This sequence begins with identifying the development of a science 
concept through the 5Es (Step 1). Teachers then develop details of an inquiry sci-
ence lesson designed to achieve each conceptual goal independent of language 
objectives (Step 2). Finally, teachers modify the lesson by adding appropriate ELD 
support (Step 3). This sequence is illustrated in the tables below. For Steps 2 and 3, 
only the Engage phase of the lesson is shown. For further details regarding this 
sequence see, Gomez Zwiep et al.  2015 ).

   Step 1: Plan conceptual storyline of each E   

 Teacher  Student  Science concept 

 Engage  SC: Sounds can be heard all around us 
 Sounds have different qualities 

 Explore  Sounds are made by vibrations. Changing the vibrations can 
change the sound 

 Explain  Vibrations cause the sounds to be created. Different kinds of 
sounds can be made from the vibrations 

 Extend  Sounds can be high or low (precursor to pitch) 

    Step 2: Develop science lesson sequence and predict student responses   

 Teacher 
 Student 
responses  Concept 

  I want everyone to close your eyes and listen to all of 
the different sounds that you hear  

 SC: Sounds can be 
heard all around us 
 Sounds have 
different qualities 

 Give students 30 s to a minute to listen for sounds. (If 
the school area is particularly quiet, make some sounds 
like crumpling up a piece of paper or banging a trash 
can.) 
  What were the sounds like?   Bird, Boys, 

Talking, Bugs, 
Cars 
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    Step 3: ELD supports: Identify appropriate language function match; insert appro-
priate language scaffolds; adjust Expected student responses for profi ciency lev-
els of students in the class   

 ENGAGE: Teacher  Low  Med  High 

 Science 
concept/
Language 
function 

  I want everyone to close your eyes and 
listen to all of the different sounds that you 
hear  

 Give students thirty seconds to a minute to 
listen for sounds. (If the school area is 
particularly quiet, make some sounds like 
crumpling up a piece of paper or banging a 
trash can.) 

  Turn to your partner and tell him or her 
what sounds you heard  
  Partner A will tell partner B one thing they 
heard  
  Then, partner B will tell partner A one 
thing they heard  
  Keep going until you have shared all the 
things you heard  
 (Students take turns sharing with their 
partners). 

  What were the sounds like?  
 Turn to your partner and describe the 
sounds 
  Who can share with the class something 
their partner shared?  
 Record the types of sounds on the board/
graphic organizer as students share 

 Bird, 
 Boys, 
 Talking, 
 Bugs, 
 Car 

 The birds 
 outside, 
 Students 
next 
 door, 
 Flies 
buzzing 

 It was soft 

 I heard 
whispering, 
 It was loud 
yelling, 
 The buzzing 
was tiny. 

 I heard 
students in 
the class 
next door. 

 SC: Sounds 
can be heard 
all around us 
 Sounds have 
different 
qualities 
 LF: Describing 

 Bird chirping, talking, cars, buzzing, loud, 
quiet, soft 

 Student share ideas from their 
partner talk. 

  

Sound

Loud

Soft

Quiet

ChirpingBuzzing

Car

Talking

    
  Great! So there are different types of 
sounds around us. Let’s fi nd out more 
about sounds.  
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    Chapter 10   
 Doing and Talking Science: Engaging ELs 
in the Discourse of the Science 
and Engineering Practices                     

     Rita     MacDonald     ,     Emily     Miller     , and     Sarah     Lord    

         Introduction 

 The Next Generation Science Standards (NGSS; NGSS Lead States  2013 ), and the 
Common Core State Standards (CCSS; National Governors Association Center for 
Best Practices and Council of Chief State School Offi cers  2010 ) shift teaching and 
learning across the US to focus on disciplinary, language-rich practices, with broad 
implications for teaching English learners (ELs). The NGSS calls students to engage 
deeply and actively in the exploration and discussion of ideas by enacting three 
interacting dimensions: practices, core ideas, and cross-cutting concepts. Three- 
dimensional science learning engages students in scientifi c and engineering prac-
tices as they explore phenomena to develop interdisciplinary science ideas in 
relation to cross-cutting concepts. Similarly, the CCSS (which include standards for 
literacy in science, as well as in other technical subjects) increased emphasis on 
critical thinking, problem solving, and analytic tasks in core academic subjects. 
Together, these standards “implicitly demand students acquire ever-increasing 
command of language in order to acquire and perform the knowledge and skills 
articulated” (Council of Chief State School Offi cers  2012 , p. ii). Yet, at a time when 
the EL population continues to be the most rapidly growing segment of the K-12 
student population, instruction of ELs is too often characterized by three persistent 
problems of practice, each of which we observed in our pre-intervention visits to 
classrooms:

    1.    In whole group work, teachers used primarily IRE (teacher  Inquires , student 
 Responds , teacher  Evaluates  by indicating whether that response is correct or 
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not) interaction patterns (Schegloff  2007 ) that focused attention on teacher ideas 
rather than on student ideas.   

   2.    In collaborative groups, student discourse tended to be focused on procedures 
and task accomplishment, rather than on meaning-making, and either excluded 
ELs altogether or placed ELs in the role of listener.   

   3.    Language development was viewed primarily as vocabulary instruction.    

Classroom practices such as these are not likely to foster the rich academic dis-
course through which students learn to reason deeply and critically, express their 
reasoning, and challenge and critique that of others, nor are they likely to include 
ELs in that critical discourse. The need for resources to support effective engage-
ment of ELs in these essential academic discourse practices is critical. 

 This chapter shares fi ndings and materials from the pilot of a professional devel-
opment (PD) approach that offered science teachers a set of resources to support 
their facilitation of students’ collaborative and discourse-rich reasoning in science, 
along with the development of the language needed for these critical functions—all 
of this in ways fully inclusive of ELs as sense-makers along with their classmates. 

 Participants were four teachers in two schools in a Midwestern school district. 
Two taught science as part of their Grade 4 curriculum, and two taught science in 
Grade 7. Although the state had not adopted the NGSS, district administrators had 
expressed a desire to improve the science outcomes of ELs in the district.  

    Teacher Preparation Model 

    Stages of PD and Related Inquiry 

 All of the teachers were new in at least one signifi cant dimension related to their 
teaching. Three of the four were teaching science for the fi rst time and had not 
minored in a science-related fi eld in their preservice training; one of these had just 
begun her fi rst year of teaching. The fourth teacher had taught science before but 
was new to the fourth grade. All four were unfamiliar with their science curricula. 
None of the science curricula in use was inquiry-based. No teacher had more than 6 
ELs in classes that averaged 24 students (a common distribution in many non-urban 
school districts), and the ELs ranged in English profi ciency levels from Beginner to 
Advanced, based on teachers’ reports of the annual ESL assessment results.

  All teachers participated in a half-day PD on the NGSS and three-dimensional 
science learning, and on the integrated nature and enactment of the science and 
engineering practices. The teachers were observed teaching one science lesson, and 
then interviewed about their learning objectives and foci in the observed lesson and 
their refl ections on student engagement and sense-making. Following this initial 
observation, teachers participated in a 2-day PD focused on (a) an assets-based 
approach to EL inclusion in science, (b) the development of opportunities for 
 collaborative sense-making, (c) enactment of the language-intensive science and 
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engineering practices of modeling and explanation (Practices 2 and 6), and (d) 
resources for the facilitation of students’ collaborative sense-making discourse. 
Subsequently, teachers spoke monthly over 3 months with PD providers via tele-
phone to discuss a Structured Lesson Refl ection document the teachers had sent the 
PD providers the day before. The 20-min phone calls were used to probe various 
aspects of teachers’ ideas and refl ections more deeply, and to provide information or 
suggestions as requested by teachers. After approximately 3.5 months, all teachers 
were observed and interviewed once again, using the same protocol and similar 
questions. As a fi nal stage of the information gathering, teachers were interviewed 
in more detail about their reactions to the resources and PD provided (Table  10.1 ).   

    Theoretical Foundation of the PD 

 Figure  10.1  depicts the assets-based approach to EL inclusion in which this project 
was grounded. This approach recognizes that ELs come to their science classrooms 
with multiple ideas about how the world works (green strand), as well as with 
knowledge about one or more languages in addition to varying degrees of effective-
ness with English (blue strand). Given these strengths, they are well able to engage 
in scientifi c reasoning and discussion of their reasoning. If educators are successful 

   Table 10.1    PD and inquiry stages and activities   

  Participants  
   2 Grade 4 science teachers 
   2 Grade 7 science teachers 
 Half-day PD: NGSS three-dimensional science and enactment of science and engineering 
practices 
 Classroom observation 1 
 Post-observation interview 1 
 Two-day PD 
  Assets-based approach to EL inclusion in science 
  Developing opportunities for collaborative sense-making 
  Science and engineering practices 2 and 6 (developing models and constructing explanations) 
  Discourse engagement strategies & resources 
 Structured lesson refl ection 1 
 20-min phone call 
 Structured lesson refl ection 2 
 20-min phone call 
 Structured lesson refl ection 3 
 20-min phone call 
 Classroom observation 2 
 Post-observation interview 2 
 Focus group to explore aspects of resources provided 
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in tapping into and leveraging those assets and capacities by positioning students as 
questioners and thinkers and themselves as facilitators of student reasoning (purple 
strand) and by engaging ELs with their classmates in the collaborative sense- making 
practices of science (the words spiraling around the center), both ELs’ knowledge of 
science and their linguistic effectiveness in science will be strengthened. (See also 
Lee et al.  2013 ).

   The project’s focus on ELs as sense-makers in science, along with their English- 
fl uent classmates, is grounded in a  language as action  perspective (van Lier and 
Walqui  2013 ). This contrasts with an accumulation model that considers the devel-
opment of academic English as the building up of progressively more complex syn-
tax and vocabulary to (eventually) accomplish a broader range of functions. This 
accumulation of necessary linguistic resources is seen as an inner, cognitive event 
that progresses slowly and sequentially—a perspective often aligned with a defi cit 
model. In an accumulation model, students fi rst come to know (language) and then 
they do (science). The  language as action  approach views the process quite differ-
ently: By doing (science) together, students come to know (language). In other 
words, language is seen as action and developed through action, and more specifi -
cally, through action that occurs among individuals in a shared context. In this 
sociocultural approach, meaning does not reside solely in language, but is a larger 
construct developed through negotiated and shared experiences during which par-
ticipants construct and represent meaning together, only in part, through language 
(Gee  2005 ; Rogoff  2008 ; MacDonald & Molle  2015 ). Put simply, meaning is not 
stored language; meaning is stored experience. 

  Fig. 10.1    Assets-based 
inclusion of ELs in 
explanation and modeling 
in science       
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 In this project, as in the  language as action  approach, shared activity is seen as 
the engine that drives language development. All students, including those still 
developing English, are given the opportunity to engage in collaborative reasoning, 
and are expected and supported to be active sense-makers. In this approach, ELs 
have the opportunity and support to be initiators of ideas, along with their class-
mates, rather than simply passive responders. Language development for all stu-
dents is thus deeply contextualized within interactive sense-making, and instructional 
attention is focused on students’ effectiveness at marshaling the diverse sense- 
making resources (linguistic and other) they command, rather than on the correct-
ness of their language. For the rapidly growing number of ELs in US classrooms 
who may require years of English language development before their language is 
fully profi cient, this is an important and supportive shift. ELs can, and do, engage in 
important reasoning and learning with imperfect language and it is this “doing” that 
supports their progress toward more effective and, eventually, more correct or more 
appropriate English. 

 These affordances of the  language as action  approach align well with the lan-
guage expectations of the NGSS and three-dimensional science, as illustrated by the 
following comments:

•    “For all students, the emphasis should be on making meaning, on hearing and 
understanding the contribution of others and on communicating their own ideas 
in a common effort to build understanding ….” (Lee et al.  2013 , p. 3).  

•   “Essentially all of the science and engineering practices require student dis-
course to be a central element of classroom activity, and, properly managed by 
the teacher, such discourse includes all students and pushes every student to 
refi ne and extend language abilities.” (Quinn  2015 , p. 14).  

•   “Only an emphasis on language as action … engages students in the meaningful 
learning of new disciplinary practices while simultaneously strengthening their 
language uses in those practices.” (Heritage et al.  2015 , p. 32)    

 Efforts to strengthen students’ reasoning in science are not easily supported 
using an atomistic view of academic English as the accumulation of complex syntax 
and vocabulary. Indeed, as stated by Heritage et al. ( 2015 ), “teaching form and func-
tion in isolation from real, meaningful, discourse-based communication has not pro-
duced generative, transformative learning for ELLs” (p. 31). The  language as action  
perspective does, however, focus attention on students’ meaning-making and their 
linguistic effectiveness during interaction with one another around important ideas 
in science. These examples (Miller and MacDonald  2015 ) illustrate the important 
differences in the approaches. 

 Language goals based on the  form and function  or  accumulation  model:

•    Students will compare landforms using descriptive language.  
•   Students will describe the molecular changes that occurred using the past tense 

‘-ed’ form.    
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 Language goals based on the  language as action  approach:

•    Students will collaboratively develop a model that explains and predicts patterns 
in the changes to the land caused by wind and rain.  

•   Students will collaboratively construct an explanation of the effect of thermal 
energy on molecular movement.     

    PD Components 

 To support teachers in working with the  language as action  perspective and our 
assets-based approach to EL inclusion in collaborative reasoning in science, the 
2-day PD was spent considering elements of the approach and practicing the use of 
a small set of resources. 

  Enacting the Science and Engineering Practices     Although the disciplinary core 
ideas of the NGSS are familiar to many, and their relationship to cross-cutting con-
cepts fairly straightforward, the science and engineering practices are less familiar 
to teachers and require signifi cant changes in science instruction (Windschitl et al. 
 2011 ; Lee et al.  2013 ). The PD focused specifi cally on two high-leverage practices 
for ELs that were to be implemented jointly: explanation (because of its language 
demand) and modeling (to demonstrate the use of models as scaffolds during 
meaning- making). Facilitators modeled classroom enactment of meaning-making 
by placing teachers in small groups to consider phenomena shown on video, col-
laboratively develop models depicting their reasoning about causal forces, and then 
explain their reasoning, using the models as references. During teachers’ explana-
tions, facilitators modeled the Teacher Moves as examples of probing and deepen-
ing reasoning.  

  Creating Opportunities for Collaborative Reasoning     Following this demonstra-
tion of a collaborative meaning-making activity, PD focused on the role shifts 
required for both teachers and students when working to strengthen student reason-
ing in science, summarized in Table  10.2 . Given teachers’ lack of relevant curricular 
support materials, considerable PD time was devoted to discussing the benefi ts of 
using locally relevant, easily observable phenomena (accessible to ELs) around 
which to center student reasoning opportunities. A list of such phenomena and their 
relationship to NGSS disciplinary core ideas and cross-cutting concepts was gener-
ated. Teachers were given time and support in selecting a phenomenon with which 
to initiate an upcoming science unit.

     Changing Classroom Interaction Patterns     Strengthening students’ collaborative 
reasoning and the language through which much of it is expressed and deepened 
calls for changes to typical classroom interaction patterns. Much more student talk 
is needed than typically occurs in many classrooms. The commonly used IRE pat-
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tern may move a class quickly through a review of known information (known, that 
is, to the teacher) or may move a class toward the teacher’s predetermined goal, but 
it provides few opportunities for students to talk. Student input is usually  constrained 
to very truncated responses, and those for only the few students able to formulate 
responses very quickly—a group from which ELs are frequently excluded. IRE 
exchanges offer few opportunities for students to use language to express and 
engage in extended reasoning. This project focused on three ways to increase stu-
dent opportunities for meaningful language use: (1) the use of small group work to 
focus on challenges in reasoning, rather than on task accomplishment, and in ways 
that ensure full participation by all group members, including ELs; (2) the use of 
Teacher Moves to promote more extensive discussion and include additional stu-
dents in reasoning-focused whole-class interactions; and (3) the use of Teacher 
Moves and Student Moves to promote increased student-to-student reasoning- 
focused interchanges during whole class time and small group work. Teachers’ 
enactment of this approach was further supported during brief monthly contacts.    

    Materials 

    Teacher Moves: Discourse Facilitation Moves for Teachers 

 Although teacher education literature has focused attention on supporting teachers 
in learning more student-focused interaction patterns (Chapin et al.  2003 ; Michaels 
and O’Connor  2012 ; Windschitl et al.  2011 ), these resources are not yet well 
known by teachers. Given their critical role in our approach, a small set of discourse 

   Table 10.2    Consideration of changes to teacher and student roles in science   

  Teacher role:  Shape the discussion to 
promote collaborative meaning-making 

  Student role:  Work with classmates to understand 
unseen forces behind phenomena 

 Create the need to interact meaningfully  Be responsible for following ideas; listen carefully 
and track the idea’s development 

 Facilitate students’ collaborative 
meaning-making 

 Check for accurate understanding of others’ 
statements; persist until clear mutual understanding 
is achieved 

 Model effective language as needed and 
discuss reasons for linguistic choices 

 Consider the ideas of others as sensible fi rst, and 
then take up the idea or discard the idea based on 
evidence 

 Design for ELs to be initiators as well as 
responders in meaning-making 
interactions 

 Compare evolving explanations to other 
information; does it make sense? Is something 
missing? 

 Promote student-to-student interactions  Respond to ideas; support or challenge or build on 
ideas  Support perseverance in understanding 

and meaning-making 
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facilitation moves was created and organized to form a compact, six-category set of 
Teacher Moves. A graphic illustrating the six different purposes by which the 
Teacher Moves were organized was developed (shown below in Fig.  10.2 ), to serve 
as both a meta-cognitive framework and a quick visual reminder to teachers of their 
options when student ideas were on the table. In each category, examples were pro-
vided, some of which are shown in Table  10.3 , below.

    Teacher Moves serve three purposes, which can be considered sequential:

    1.    Clarify individual student ideas and surface them for consideration by the group 
(Moves 1 and 2)   

   2.    Probe and deepen expressed reasoning (Moves 2, 3, and 4)   
   3.    Promote student-to-student interchanges (Moves 5 and 6)    

The Teacher Moves all support teacher efforts to extend additional invitations for 
student talk and reasoning. By not closing down interactions with the typical IRE 
third move of Evaluation, but instead asking another question or bouncing the idea 
to another student, the teacher provides additional opportunities for students to rea-
son and to express their reasoning (Greeno  2015 ). During the PD, it was suggested 
that teachers take up one or two moves at a time, focusing on the sequential nature 
and allowing themselves and their students time to adjust to new expectations for 
classroom interaction.  

TEACHER
IDEA

MOVES

1. help clarify
student's
thinking

2. make ideas
public

3. help
students

deepen their
reasoning

4. emphasize
particular

ideas

5. help
students

listen
carefully to

others' ideas

6. help
students

apply their
thinking to

others' ideas

  Fig. 10.2    Meta-cognitive 
framework for teacher 
moves       
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    Student Moves: Discourse Engagement Moves for Students 

 Recent research and writing on academic discourse has focused attention on 
strengthening students’ linguistic expression of complex thinking. In particular, the 
work of Zwiers et al. ( 2014 ) has provided examples of discipline-specifi c 
Constructive Conversation Skills posters to provide students with reminders of lin-
guistic structures they could use to enact important academic tasks, such as the 
generation of multiple approaches and the negotiation of ideas. The Student Moves 
tool developed for this project was focused more broadly on seven general responses 
students could make to an idea. To support all students in exercising their agency as 
speakers in collaborative reasoning interactions, the Student Moves tool, like the 
Teacher Moves tool, included a graphic representation of the meta-cognitive frame-
work (Fig.  10.3 ) and linguistic examples to accomplish these seven types of 
responses to ideas (Table  10.4 ). To support ELs’ inclusion, the language examples 
were written for three broadly conceptualized levels of English language 

   Table 10.3    Examples of teacher moves   

 Teacher moves  Examples 

 1. Help clarify students’ 
thinking 

 Provide individual thinking time and pair activities to help students 
express the “fi rst draft” of their idea 
 Charge student pairs with questioning and supporting one another 
until ideas expressed are understood 
 Provide 10–20 s of wait time both before and after student responses 
 “Can you show us what you mean?” “Can you draw that?” “Can you 
say more about that?” 

 2. Make idea public and 
available for discussion 

 “Tell us more about what you’re thinking.” 
 Revoice an idea to repair or model clearer language, but ensure that 
the ownership of the idea remains in student’s hands. “Did I say 
your idea correctly? Is that what you were thinking, or was it 
different?” 

 3. Help students deepen 
their reasoning 

 “Can someone give me an example of that?” 
 “How could we test that?” 
 “What do we need to know more about now?” 

 4. Emphasize particular 
ideas 

 Attend to all ideas, and be explicit about putting some on hold. 
 Re-broadcast generative ideas by revoicing, or by asking a student to 
paraphrase. This allows additional processing time for all. 
 “That’s interesting. Can you say that again for us?” “Will someone 
re-tell that idea for us?” “So, are you saying that…?” 

 5. Help students listen 
carefully to others’ ideas 

 “Who can restate that for us?” 
 “Who wants to explain the reasoning Group A used?” 
 “How is that idea different from Mary’s?” 

 6. Help students apply 
their thinking to others’ 
ideas 

 “You look uncertain. What can you ask X to fi nd out more?” 
 “How does that idea connect to what Group A talked about?” 
 “Which explanation is most like your group’s? Talk to them and fi nd 
out how they are different.” 
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STUDENT
IDEA

MOVES

1. tell and
explain a
new idea

2. clarify
someone's

idea

3. restate
an idea

4. compare
ideas

5. support
an idea

6. build on
an idea

7. question
or challenge

an idea

  Fig. 10.3    Meta-cognitive 
framework for student 
moves       

   Table 10.4    Linguistic examples of student moves   

 Student Moves  Examples 

 1. Tell and explain a new idea  “I think…” 
 “The evidence for that is…” 
 “Since both situations are similar, we could…” 

 2. Clarify an idea  “Say again, please.” 
 “What did you mean when you said…” 
 “I wonder if what you’re saying is…” 

 3. Restate an idea  “He said…” 
 “In other words, …” 
 “The suggestion was made that we…” 

 4. Compare ideas  “Same thing.” 
 “Our idea is better because…” 
 “The other method would be a better test of …” 

 5. Support an idea  “Good idea because…” 
 “Remember, in our book it said…” 
 “The advantage of that method would be …” 

 6. Build on an idea  “Let’s try it.” 
 “That’s what we should do next.” 
 “That idea would help us fi gure out whether …” 

 7. Question or challenge an idea  “I don’t think so.” 
 “But what about…” 
 “Isn’t there a more effi cient way to…” 
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profi ciency, based on the Reference Performance Level Descriptors designed to 
include or translate English language profi ciency defi nitions across most US states 
(Cook and MacDonald  2014 ).

    Since academic discourse requires interaction among speakers, one of whom is 
often the teacher, the Student Moves were designed to work in tandem with Teacher 
Moves by providing linguistic resources for students to respond to the teacher’s 
discourse facilitation and to collaborate with one another during small group work. 
During the PD, it was suggested that teachers fi rst introduce the meta-cognitive 
framework to students, then a few sentence frames, and that they generate additional 
sentence frames with students, as well as capturing examples of student-generated 
moves when they occurred. It was also suggested that students have some personal 
representation of the Student Moves available, rather than being dependent on class-
room posters, to increase their ownership of the Student Moves and support their 
independent action in small group work.   

    Implementation 

 Participating teachers devoted considerable time and effort to creating or adapting 
classroom activities to provide meaningful opportunities for collaborative, extended 
student reasoning.

•    Grade 4 teachers adapted a scripted ball and ramp activity originally intended to 
demonstrate ideas of force and motion by adding an additional variable (changes 
in ramp height) and asking students to model and explain the forces at work. 
After students compared models and explanations, they were asked to collabora-
tively develop ways to test their ideas. One teacher noted how pleased she was to 
hear her ELs debating alternate ideas with their peers.  

•   Grade 4 teachers adapted an activity that involved shooting materials into the air 
with levers of different length (focused originally on providing data with which 
to practice graphing skills, with little focus on reasoning about the relationships) 
to enable students to reason further about relationships between potential and 
kinetic energy.  

•   Grade 7 teachers focused attention on a local phenomenon (the daily, early morn-
ing observation of clouds of water vapor over a heavily forested bluff) to intro-
duce a unit on transpiration in plants. Over consecutive days, student groups 
discussed and developed models that they shared and then revised. One teacher 
noted how actively his ELs (who had formerly been in an EL-only group) partici-
pated with others, and how patient and helpful their peers were when ELs were 
introducing and explaining their ideas.  

•   Grade 7 teachers introduced a unit on ecosystem carrying capacity by creating a 
predator-prey game, in which wolves were the predators, linking to local con-
cerns about wolf predation. All students played various parts (vigorously and 
noisily!) and noted the differential outcomes when ratios of predators, decom-
posers, etc. were changed. During the activity, students were heard explaining 
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excitedly to one another their understandings that if they partnered up in various 
ways, they could prolong their survival. Although both teachers were new to sci-
ence, they expressed a strong belief that this activity resulted in greater engage-
ment with the science than would the reading assignment suggested as an opening 
activity in their textbook. One teacher also noted how pleased she was that all of 
her students learned the associated vocabulary “simply through using it,” and 
that she no longer believed she had to pre-teach vocabulary to her ELs.    

 As teachers gained confi dence in developing phenomenon-based activities, they 
began to use a greater variety of Teacher Moves. Refl ecting on her own learning, 
one teacher noted that when she failed to allow suffi cient wait time for students to 
think and respond, her attempts to support student reasoning were always unsuc-
cessful. She remarked that she used to believe that classroom interactions needed to 
happen at a rapid pace, so she would not lose students if they got bored, and also 
noted that her nervousness as a new teacher made it diffi cult for her to endure silent 
moments. However, at the end of this project, she observed that her prior belief and 
practice were interfering with her students’ opportunity to think deeply and criti-
cally, and she resolved to work toward adjusting her practice. This teacher’s remarks 
also serve as an illustration of a changed perspective on engagement: from engage-
ment as behavior to engagement as reasoning.  

    Outcomes 

 Initially, like their district and school colleagues, teachers used primarily teacher- 
fronted lessons based on textbook chapters or on scripted activities that demon-
strated rather than explored science constructs, and used classroom interaction 
patterns characterized by whole group lecture and classic IRE/F interactions. 
Following the 2-day PD, teachers in the participant group began to make signifi cant 
changes. 

    Changes in Classroom Structures and Activity 

 Grade 7 teachers began to place students into small groups focused on the collab-
orative development of questions, models and possible explanations. Grade 4 teach-
ers, who had already placed students in functional, task-focused groups, changed 
the focus of small group work from completing worksheets to students’ collabora-
tive development of explanations. Additionally, teacher comments indicated a 
change in what they considered engagement. Initially, engagement was seen as stu-
dents being on-task and not disruptive, but later comments suggested that teachers 
considered engagement to be students’ cognitive engagement with the ideas being 
discussed. All teachers reported an increase in student engagement in science.  
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    Changes Specifi c to ELs 

 In one classroom in which all ELs had previously been grouped together with an 
ESL paraprofessional, ELs were integrated into small working groups with their 
English-fl uent peers. All teachers reported being pleased at how well ELs were able 
to participate in the activities with minimal additional scaffolding by the teacher, 
and two of the four remarked how pleased they were to fi nd that ELs were able to 
learn new vocabulary through using it in the midst of activities, and that they no 
longer felt the need to use class time to pre-teach vocabulary. In describing the 
changes observed, teachers remarked:

     One of our struggling ELs took the risk to share an idea he was not certain about, and then 
kept talking to work through his thinking again – all in front of the whole class.  

  Our ELs view themselves differently because they’re able to talk about ideas now. That’s 
made a huge impact on their perceptions of themselves as learners. They’ve always been 
smart, but now I think they feel smart.    

       Discourse Facilitation Tools and Opportunities for Student 
Reasoning 

  Teacher Appropriation of the Discourse Facilitation Tools     Review and coding 
of interview transcripts and fi eld notes revealed an interactive relationship among 
the use of the separate discourse tools and teachers’ success at creating meaning- 
making opportunities, as depicted in Fig.  10.4 .

    When able to create effective opportunities for student reasoning (experiences and 
driving questions that stimulated rich, extended discussion of ideas), teachers 
were more likely to use a variety of Teacher Moves to probe and deepen students’ 
reasoning. When the attempted meaning-making opportunities were less rich 

Student
reasoning

opportunity

Teacher
Discourse

Moves

Student
Discourse

Moves

  Fig. 10.4    Interaction of 
student reasoning 
opportunity with discourse 
moves       
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(e.g., fewer or less complex ideas about which to reason collaboratively), teachers 
used fewer and less varied Teacher Moves, sometimes simply repeating “Why?” in 
response to students’ proffered explanations. The interactive nature between 
opportunity to reason and Teacher Moves is apparent. With nothing meaningful to 
explore or about which to reason collaboratively, the student collaborative reason-
ing process is too short-lived to require Teacher Moves, and teacher attempts to gain 
experience in using these discourse facilitation moves fall fl at. 

 Conversely, if rich opportunities for sustained collaborative reasoning are pro-
vided but are met only with surfacing, introductory discourse moves (e.g., the rep-
etition of “Why?”), the resulting classroom discussion resembles the “popcorn” 
pattern in which individual ideas are neither examined nor set in relation to one 
another for further exploration by students. Although even this introductory Teacher 
Move does result in increased exposure of student ideas (a desired outcome), if not 
followed by Teacher Moves that lead students to consider and react to others’ ideas, 
classroom interaction does not move in the desired direction of strengthening stu-
dents’ collaborative reasoning. Thus, teachers’ opportunities for successful experi-
ence with the Teacher Moves requires the creation, fi rst, of a student experience that 
has the potential to stimulate sustained reasoning. With such a component in place, 
teachers have the opportunity to practice and develop effectiveness in their dis-
course facilitation skills. 

  Challenges in Providing Meaningful Opportunities for Student Reasoning     The 
teachers in our project (none of whom were able to draw on robust experiences in 
teaching science) found it challenging to develop effective meaning-making oppor-
tunities for students. Lacking relevant curricular support materials, teachers visited 
multiple websites and resources to fi nd and vet activities to fi t their curriculum. 
Grade 4 teachers modifi ed the scripted activities in the school’s commercial science 
activity kits to stimulate the deep exploration of a phenomenon and the modeling of 
possible causal forces. However, the challenge of leveraging meaningful phenom-
ena was especially diffi cult for the Grade 7 teachers, who taught three or four other 
subjects in addition to science, had only a traditional textbook series focused on the 
delivery and subsequent testing of information, and had few materials suited for 
hands-on student activity. In the third and fi nal month of the project, these teachers 
were able to streamline the lesson revision process somewhat by collaborating to 
identify the big ideas and cross-cutting concepts to which their textbook units might 
be linked, and to search out activities based on the disciplinary core ideas and 
questions from The Framework for K-12 Science education (National Research 
Council,  2012 ).  

 The teachers in the project occasionally encountered diffi culty in reasoning 
about science ideas. At times, the teachers appeared at a loss when attempting to 
negotiate the multiple student ideas expressed to develop deeper conceptual under-
standing. When they were not confi dent about the science concepts, they expressed 
uncertainty about which ideas to revoice or probe more deeply or set in relation to 
one another, and the facilitation around ideas reverted to IRE or declarative 
 knowledge or defi nitions. Our hypothesis is that this breakdown of facilitation cor-
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related with a lack of deep understanding of the phenomenon they were exploring 
with students. Because of the paucity of teacher materials that provided the concep-
tual frameworks involved in explaining phenomena, teachers would have benefi ted 
from additional resources and guidance to help fi ll in those gaps. 

 The amount of diffi culty teachers encountered before they experienced some 
effectiveness in creating opportunities for student reasoning resulted in a sequential 
nature in their enactment of the discourse tools. It was only after teachers had 
achieved some degree of effectiveness in creating opportunities for student reason-
ing that they began to experiment more frequently with the variety of Teacher 
Moves. Thus, the PD pilot did not provide adequate opportunity for teachers to 
experience the interactive relationship among the three components: (1) reasoning 
opportunity, (2) Teacher Moves, and (3) Student Moves. The Grade 4 teachers did 
introduce the Student Moves to their students early in the process, using only the 
linguistic element of the Student Moves (the sentence frames) to establish norms for 
respectful classroom conversation. At the end of the 3 months, they had just begun 
to incorporate these moves into small group activities. Grade 7 teachers did not use 
the Student Moves at all, and at the end of the project, one teacher noted these as the 
next step and regretted that the PD resources to support their introduction of Student 
Moves in their classrooms would no longer be available. 

 This slower-paced and more sequential aspect to teachers’ experimentation with 
the tools is in sharp contrast to what occurred with a small group of mathematics 
teachers engaged in a parallel pilot of these resources in a different district. This 
group of highly experienced mathematics teachers, familiar with their curricula and 
grade-levels, experienced the same need to develop meaning-making opportunities, 
but progressed more quickly to the point of effectiveness with this component and 
began almost immediately to practice their use of the Teacher Moves and to intro-
duce Student Moves as tools for collaborative small group reasoning. These teach-
ers were able to experience the benefi ts of all three components (opportunity, 
Teacher Moves, and Student Moves) working interactively, and noted the power of 
the positive classroom experience in heightening their commitment to the work of 
developing their discourse facilitation skills. One mathematics teacher discussed 
both her initial struggle in using the approach, and her increased confi dence in their 
students’ understanding:

  I work a lot harder now. Sometimes, it’s just easier to go by the textbook and say, “OK, this 
is why it works—let me show you.” But there’s no connection, there’s no meaning behind 
it. And that’s the hardest thing, I think: to change that teacher behavior of having to control 
the conversation, and just give it up to the group to talk until they fi gure it out. There was 
one day students spent at least 20 minutes in a discussion of one idea, and it about killed me 
to spend that much time talking about it, but now, you could ask any kid on my team and 
they could explain it and tell you exactly why it’s that way. I have never felt so confi dent 
that my students understand things, ever. 

   This contrast between the experiences of the science and mathematics teachers 
suggests that revision of the PD approach to include additional resources that would 
enable science teachers to more quickly experience the interaction of the three com-
ponents should be considered.  
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    Integration of Science and Engineering Practices 

 Although the science and engineering practices were unknown to teachers at the 
project onset, teachers quickly began to integrate Explanation and Modeling 
(Practices 2 and 6) into their lessons. All four teachers began to create opportunities 
for students to collaboratively consider phenomena and driving questions that elic-
ited multiple possible explanations to be further examined, and began to incorporate 
the Teacher Moves to surface, probe, and deepen student explanations. All four 
teachers began to integrate the practice of modeling into their meaning-making 
focused instruction. Although not yet fully leveraging models as explanatory devices 
(Mayer and Krajcik  2015 ), teachers did note the value of drawn models as supports 
to which ELs could refer when not yet able to convey intended meanings solely with 
words. Thus, teachers’ emergent integration of modeling into their lessons enabled 
ELs to more frequently and successfully join their peers in collaborative 
meaning-making.   

    Summation 

 Science teachers using this collaborative meaning-making approach with minimal 
support made signifi cant changes in shifting their practice to focus on active engage-
ment of students in the exploration and discussion of ideas, in ways that engaged 
ELs as sense-makers along with their classmates. The brief pilot of this approach, 
with its three interacting components (opportunity for student reasoning, teacher 
discourse facilitation moves, and student discourse engagement moves), offers 
resources and insights to help science teachers meet the critical need for materials 
and methods to enact the three-dimensional vision of science in ways that include 
the rapidly growing number of ELs in US classrooms. 

    Positive Effects of the Pilot 

 In relation the three persistent problems of practice noted in the introduction, the 
positive effects of this pilot suggest that:

•    When given resources like the Teacher Moves and some support for the develop-
ment of meaning-making opportunities for students, teachers can begin to change 
their interaction patterns to more actively engage student in interactions, and 
deepen student reasoning about ideas;  

•   When given a tool such as the Student Moves, with its meta-cognitive framework 
and language examples, ELs can and do join in collaborative meaning-making, 
acting as initiators of ideas rather than simply as passive responders. Similarly, 
when it is clear that ELs’ ideas are being solicited and valued, non-EL classmates 
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persevere in efforts to comprehend ELs and to assist them in their explanations, 
thus enacting the negotiation of meaning-making that drives language develop-
ment for ELs.  

•   Teachers enacting this approach can come to understand through their lived 
experience that ELs’ language development is not dependent on decontextual-
ized pre-teaching of language components, but can be supported in the midst of 
science instruction by engaging all students in the rich, collaborative discussion 
of ideas.     

    Possible Shortcomings of the Approach 

 Observing teachers’ gradual appropriation of these resources has also pointed out 
shortcomings in the PD approach, which should be addressed by those wishing to 
follow up on this. The approach underestimated the degree of diffi culty teachers 
would experience in creating opportunities for student reasoning. Although exam-
ples were provided, these were not suffi cient to enable teachers to move quickly 
enough into trying out the Teacher Move and Student Moves. Thus, the integration 
of the three components did not occur quickly enough to enable these teachers to 
experience the benefi ts of all three components working interactively, which had 
heightened and seemed to hasten the development of confi dence in the discourse 
facilitation efforts of a separate group of mathematics teachers in a related PD pilot. 
Future efforts might include the provision of sample activities related to grade-level 
units, to jump-start teachers’ experience with the interaction of the three compo-
nents. Additionally, it would be helpful to have at hand resources that provide acces-
sible explanations of the science constructs related to a number of phenomena. Lack 
of teachers’ confi dence in their own science understanding may affect both their 
confi dence in adopting interaction moves that open up the fl oor to student ideas as 
well as their ability to marshal those ideas toward a deeper understanding.  

    Further Considerations 

 Unaddressed in this pilot, but important to consider in more extended versions, is 
the need to provide teachers constructs by which to monitor and support students’ 
English language development. The need to develop teachers’ language awareness 
is present in any approach to content instruction for ELs. Those working from a 
“language as accumulation” approach are likely to focus on increased correctness. 
For those working from a  language as action  perspective, a different lens is needed. 
It should not be focused on correctness, but on effectiveness; it should support stu-
dents in using English to more effectively explain and argue in support of their 
ideas. The components and dimensions of increasing effectiveness are worthy of 
continued consideration and exploration. 
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 Pedagogical approaches that focus on increasing ELs’ effectiveness in English 
while developing their science knowledge are critical to ELs’ achievement in the 
new standards. The NGSS focus attention on a process-based goal, but they do not 
provide the pathway toward that goal. For that goal to be achieved, new approaches 
to teaching and learning are needed to inform curricula that are fully inclusive of 
ELs. Teachers need support and resources to enact the changes described in the 
NGSS, and to consider the additional and critical aspect of students’ language 
development. The approach shared in this chapter can help teachers mediate the 
new standards into practice, for all students. This confi dence was fi rst expressed by 
science teachers at the end of a presentation of this approach at an NSTA confer-
ence. Several teachers remarked, “We know this is how we’re supposed to teach, but 
nobody has shown us how to do it. This shows us how!”      

  Acknowledgments   We would like to thank the National Science Foundation for its support of 
this work, funded by grant number DRL-1346491; H. Gary Cook (Wisconsin Center for Education 
Research) for serving as Principal Investigator and constant inspiration; and our colleagues Melissa 
Braaten (University of Wisconsin-Madison), Okhee Lee (New York University), and Judit 
Moschkovich (University of California-Santa Cruz) for their valuable contributions during the 
early development of these resources. We extend our gratitude to the unnamed school district lead-
ers, teachers, and students with whom we learned during this research.  

   References 

    Chapin, S., O’Connor, C., & Anderson, N. (2003).  Classroom discussions: Using math talk to help 
students learn . Sausalito: Math Solutions Publications.  

   Cook, H. G., & MacDonald, R. (2014).  Reference performance level descriptors: Outcome of a 
national working session on defi ning an “English profi cient” performance standard . 
Washington, DC: Council of Chief State School Offi cers. Retrieved from   http://www.ccsso.
org/Resources/Publications/Reference_Performance_Level_Descriptors.html      

    Council of Chief State School Offi cers. (2012).  Framework for English language profi ciency 
development standards corresponding to the common core state standards and the next genera-
tion science standards . Washington, DC: CCSSO.  

    Gee, J. P. (2005). Language in the science classroom: Academic social languages as the heart of 
school-based literacy. In R. K. Yerrick & W. M. Roth (Eds.),  Establishing scientifi c classroom 
discourse communities: Multiple voices of teaching and learning research  (pp. 19–37). 
Mahwah: Lawrence Erlbaum.  

    Greeno, J. (2015). Classroom talk sequences and learning. In L. Resnick, C. Asterhan, & S. Clarke 
(Eds.),  Socializing intelligence through academic talk and dialogue  (pp. 255–262). Washington, 
DC: AERA.  

     Heritage, M., Walqui, A., & Linquanti, R. (2015).  English language learners and the new stan-
dards: Developing language, content knowledge, and analytical practices in the classroom . 
Cambridge, MA: Harvard University Press.  

      Lee, O., Quinn, H., & Valdés, G. (2013). Science and language for English language learners in 
relation to Next Generation Science Standards and with implications for Common Core State 
Standards for English language arts and mathematics.  Educational Researcher, 42 (4), 
223–244.  

    MacDonald, R., Molle, D., & TESOL International. (2015). Creating meaning through key prac-
tices in English language arts: Integrating practice, content, and language. In L. C. de Oliveira, 

R. MacDonald et al.

http://www.ccsso.org/Resources/Publications/Reference_Performance_Level_Descriptors.html
http://www.ccsso.org/Resources/Publications/Reference_Performance_Level_Descriptors.html


197

M. Klassen, & M. Maune (Eds.),  The common core standards in English language arts for 
English language learners: Grades 6–12  (pp. 39–52). Alexandria: TESOL International.  

    Mayer, K., & Krajcik, J. (2015). Designing and assessing scientifi c modeling tasks. In R. Gunstone 
(Ed.),  Encyclopedia of science education  (pp. 291–297). Heidelberg/New York/London: 
Springer Dordrecht. p. 294.  

   Michaels, S., & O’Connor, C. (2012).  Talk science primer . Cambridge, MA: TERC. Retrieved 
from   http://inquiryproject.terc.edu/shared/pd/TalkScience_Primer.pdf      

   Miller, E., & MacDonald, R. (2015).  Rethinking language goals in science: Can three-dimensional 
learning allow us to shift our thinking around science learning and language goals?  Colorín 
Colorado TE.L.L.-EGRAM, Feb. 2015. Retrieved from   www.colorincolorado.org/
article/63672/      

    National Governors Association Center for Best Practices & Council of Chief State School 
Offi cers. (2010).  Common core state standards . Washington, DC: National Governors 
Association Center for Best Practices/Council of Chief State School Offi cers.  

   National Research Council. (2012).  A framework for K-12 science education: Practices, crosscut-
ting concepts, and core ideas . Committee on a Conceptual Framework for New K-12 Science 
Education Standards. Board on Science Education, Division of Behavioral and Social Science 
and Education. Washington, DC: The National Academies Press.  

    NGSS Lead States. (2013).  Next generation science standards: For states, by states . Washington, 
DC: National Academies Press.  

    Quinn, H. (2015). Science and engineering practices for equity: Creating opportunities for diverse 
students to learn science and develop foundational capacities. In O. Lee, E. Miller, & 
R. Januszyk (Eds.),  NGSS for all students  (pp. 7–20). Arlington: NSTA Press.  

    Rogoff, B. (2008). Observing sociocultural activity on three planes: Participatory appropriation, 
guided participation, and apprenticeship. In K. Hall, P. Murphy, & J. Soler (Eds.),  Pedagogy 
and practice: Culture and identities  (pp. 58–74). Thousand Oaks: Sage.  

    Schegloff, E. (2007).  Sequence organization in interaction: A primer in conversation analysis  
(Vol. 1). Cambridge: Cambridge University Press.  

   Van Lier, L., & Walqui, A. (2013).  Language and the common core standards . Stanford: Stanford 
University, Understanding Language Initiative at Stanford University. Retrieved from   http://ell.
stanford.edu/sites/default/files/pdf/academic-papers/04-Van%20Lier%20Walqui%20
Language%20and%20CCSS%20FINAL.pdf      

     Windschitl, M., Thompson, J., & Braaten, M. (2011). Ambitious pedagogy by novice teachers? 
Who benefi ts from tool-supported collaborative inquiry into practice and why.  Teachers 
College Record, 113 (7), 1311–1360.  

    Zwiers, J., O’Hara, S., & Pritchard, R. (2014).  Common Core Standards in diverse classrooms: 
Essential practices for developing academic language and disciplinary literacy . Portland: 
Stenhouse Publishers.    

10 Doing and Talking Science: Engaging ELs in the Discourse of the Science…

http://inquiryproject.terc.edu/shared/pd/TalkScience_Primer.pdf
http://www.colorincolorado.org/article/63672/
http://www.colorincolorado.org/article/63672/
http://ell.stanford.edu/sites/default/files/pdf/academic-papers/04-Van Lier Walqui Language and CCSS FINAL.pdf
http://ell.stanford.edu/sites/default/files/pdf/academic-papers/04-Van Lier Walqui Language and CCSS FINAL.pdf
http://ell.stanford.edu/sites/default/files/pdf/academic-papers/04-Van Lier Walqui Language and CCSS FINAL.pdf


199© Springer International Publishing Switzerland 2017 
A.W. Oliveira, M.H. Weinburgh (eds.), Science Teacher Preparation in 
Content-Based Second Language Acquisition, ASTE Series in Science Education, 
DOI 10.1007/978-3-319-43516-9_11

    Chapter 11   
 Academic Language and Literacy in Every 
Setting (ALLIES+): Strengthening the STEM 
Learning Ecosystem                     

     Susan     O’Hara     ,     Robert     Pritchard     ,     Deborah     Pitta     ,     Renee N.     Newton     , 
    Uyen H.     Do     , and     Lisa     Sullivan    

      In order to succeed in school, all students need opportunities to develop the special-
ized academic language that is associated with content learning. For English learn-
ers (ELs) in particular, the development of academic language is one of the most 
important factors in academic success; where academic language is weak or miss-
ing, it is increasingly cited as a major contributor to gaps in achievement between 
ELs and native speakers of English (Anstrom et al.  2010 ; Francis et al.  2006 ). 
Academic-language development is also associated with student achievement as 
demonstrated by the correlation between measures of English-language profi ciency 
and content-assessment scores (Cook et al.  2011 ; Echevarria et al.  2012 ). 

 Academic-language development is particularly problematic for ELs who enter 
the educational system in grades 4–8. With comparatively fewer years to master the 
English language than those who enter in the primary grades, these students have 
the dual task of learning complex course content and developing English-language 
profi ciency (O’Hara et al.  in press ). In all classes and grade levels then, as ELs 
simultaneously learn, comprehend, and apply content-area concepts through their 
second (or third) language, they need skillful teachers armed with the knowledge 
and expertise necessary to facilitate language and literacy development in English 
(Achinstein et al.  2012 ; Genesee et al.  2006 ). 
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 The task of teaching science content to ELs is especially complex and challeng-
ing in light of the science and engineering practices of the Next Generation Science 
Standards.

  These science and engineering practices are language intensive and require students to 
engage in classroom science discourse. For example, students must read and write, as well 
as view and represent visually, as they develop their models and explanations. They must 
speak and listen as they present their ideas or make reasoned arguments based on evidence. 
Science and engineering practices offer rich opportunities and demands for language learn-
ing at the same time as they promote science learning. Hence, these practices merit special 
attention in science classrooms that include ELs (Lee and Llosa  2015 , p. 162). 

 For schools and districts, a related and equally important challenge is to develop a 
system of support for teachers within schools and across districts that will promote 
ongoing professional learning as part of an integrated professional development 
program that can have long-term impact on student learning. To address this chal-
lenge, we implemented the Academic Language and Literacy in Every Setting 
(ALLIES+) project. The overarching goal of ALLIES+ was to develop, implement, 
and test a user-centered, capacity-building approach for facilitating such a system .  
Toward that end, we sought to engage educators from both classroom and expanded 
learning 1  settings to work together in a professional learning community designed 
to develop a common language across these contexts, improve instructional coordi-
nation, reinforce key concepts, and provide more seamless learning environments 
for students. The specifi c goals and objectives of the ALLIES+ were:

    1.    Develop a high-quality, collaborative professional development model for teach-
ers, administrators and expanded learning staff targeting high-leverage practices 
for promoting academic language and science learning;   

   2.    Build capacity of principals and expanded learning coordinators to support 
teachers and expanded learning staff in the enactment of these practices;   

   3.    Build capacity of instructional leadership teams within partner schools to sup-
port and sustain this work.    

     Setting 

 The ALLIES+ project was implemented in Youngstown(pseudonym), a school dis-
trict that covers 150 square miles of rural, agricultural, and suburban areas in 
Northern California. The student population is 21.2 % EL, 61.5 % qualifi ed partici-
pants in the federal School Lunch Program, 38.8 % Hispanic, and 16.6 % Asian. 
The predominant languages, other than English, are Spanish and Punjabi. The 
 district serves nearly 14,000 students. The district was a participant in a grant that 
targeted teachers, administrators, and expanded learning educators of fourth through 

1   Expanded learning settings in this instance included after school and summer learning program 
staff. 
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eighth grade students at two district schools. Financial support from the grant pro-
vided stipends and/or release time for participants to attend professional learning 
sessions that focused on the enactment of a set of core teaching practices to develop 
the academic language and literacy of ELs in science classrooms and expanded 
learning programs.  

    Theory of Change and Design Principles 

 The research literature contains numerous examples of professional development 
efforts that have failed to impact student learning or that could not sustain their 
impact over time due to a failure to articulate a theory of change on which to base 
professional development (Casteel and Ballantyne  2010 ). Determined to avoid that 
pitfall, we adopted a multi-tier strategy in developing the ALLIES+ intervention 
that is aligned with our theory of change and attends to three key design principles 
for building instructional capacity for academic-language and literacy 
development. 

    Targeting High-Leverage Practices 

 Our fi rst design principle addresses the need to focus any instructional improvement 
process on a set of targeted, high leverage instructional practices (Windschitl et al. 
 2013 ; Fogo  2011 ; O’Hara et al.  2014 ). This design principle is predicated on the 
importance of providing instructional leaders and teachers with a common language 
around the instructional shifts needed to help ELs meet the challenges of the 
Common Core State Standards ( 2010 ).  

    Learning In and from Practice 

 The second design principle focuses on video examples of practice as a key resource 
for learning, because video can illustrate high-leverage practices in action, provide 
opportunities to distinguish stronger and weaker versions of them, and afford oppor-
tunities to examine the elements of these practices as they unfold in classrooms. Our 
professional learning model was predicated on the importance of providing video 
examples of teaching, and time for both teachers and expanded learning staff to 
practice new instructional shifts aligned with the ALLIES+ practices.  
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    Building Capacity to Develop Sustainable Learning 

 The third design principle focuses on the importance of building the organizational 
infrastructure and conditions (e.g., knowledgeable leaders, instructional tools, facil-
itative organizational structures, and collegial professional relationships) to grow, 
sustain and spread the use of high-leverage practices that support the academic- 
language and literacy development of ELs (Jaquith  2013 ). (See Fig.  11.1 ) This 
design principle is premised on four central ideas: (1) instructional leadership is 
most effective when leadership is shared among a team of people who have different 
roles and expertise; (2) a shared understanding of the purpose for and value of aca-
demic language and literacy in content area teaching is essential for the implemen-
tation of new practices; (3) capacity can be built within a school to stimulate, 
support, and sustain learning about the use of core academic-language and literacy 
practices and (4) generating site-based capacity to use core academic-language and 
literacy practices and refl ect upon their use creates the conditions for ongoing learn-
ing and sustained use of these core practices. In our project we focused attention on 
building school-based instructional leadership teams to drive the development of 
the conditions that were needed to support participants in enacting the ALLIES+ 
instructional practices in their teaching.

  Fig. 11.1    Capacity building approach to proferssional growth       
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         The Professional Development Model 

 ALLIES+ was designed so that participants became active learners in their own 
professional development and were provided with the resources – including the 
time, materials, and intellectual support – they needed to develop and implement 
more effective and innovative lessons. From January to May, 2015 a team of fi ve 
university and public school educators provided fi ve workshop sessions totaling 30 
h to 24 design team members. 2  The fi rst session took place in a Friday afternoon/all 
day Saturday format. The subsequent sessions, scheduled at 4–6 week intervals, 
took place on 4 week-day afternoons. Two representatives from the local County 
Offi ce of Education also provided technical assistance support to the teams through 
presentations at some of the professional development workshops and participation 
in Professional Learning Communities (PLCs) at the school sites. 

 The workshops focused on how science content and learning activities could be 
modifi ed to improve academic conversations in classroom and expanded learning 
settings. The workshops provided time for team members to share ideas, collaborate 
across classroom and expanded learning settings, and co-design learning activities 
and inquiry cycles that focused on areas of student need that teams identifi ed. Over 
the 30 h, the facilitators balanced instruction with support as approximately one 
third of the face-to-face time was spent engaging participants in explicit instruction 
and guidance in the use of the ALLIES+ practices, one third afforded participants 
individual and collaborative experimentation time, and the fi nal third – called studio 
time – was allocated to the participants designing lessons and sharing them with the 
group. Balancing explicit instruction, and both individual and collaborative experi-
mentation, was achieved by the facilitators’ regular attention to the interests and 
needs of participants. Additionally, as the skill sets of participants varied, peer sup-
port was critical to the group’s knowledge development. 

 In addition to the fi ve professional development sessions, the teams also estab-
lished PLC’s at their school sites with the goal of coming together to plan, design, 
implement and modify lessons. During the 1-h PLC meetings held between each 
workshop, school teams discussed successes and challenges as well as any modifi -
cations that needed to be made to their lessons. Each team also developed an inquiry 
question and identifi ed specifi c teaching strategies and student evidence to examine. 
The inquiry question drove the process of continual refl ection and quality improve-
ment. The design teams’ questions were:

•    How can we improve students’ ability to communicate verbally what they have 
learned? (school A)  

•   How can we improve students’ ability to communicate using scientifi c, academic 
language? (school B)    

2   Design teams comprised science teachers, expanded learning coordinators and line staff, and site 
administrators. 
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 Our professional development model had four unique elements to foster partici-
pants’ ability to create and implement innovative lessons and help them to develop 
a repertoire of instructional strategies to meet the needs of ELs in science classes: 
(1) Sessions were designed in collaboration with the district and aligned with the 
district’s strategic goals; (2) Teachers and district instructional leaders worked side- 
by- side learning how to implement ALLIES+ practices in support of ELs’ academic- 
language development; (3) Teachers and expanded learning educators were provided 
with “studio time” to rehearse new instructional practices in a low-risk environ-
ment; and, (4) Ongoing inquiry was sustained over time focusing teachers’ attention 
on experimenting with new practices, engaging in cycles of inquiry utilizing arti-
facts of practice, discussing and adapting lessons plans, and analyzing student 
work – all supported by the district’s instructional leaders and the professional 
development team.  

    Materials 

 We launched the program by developing a set of tools, videos, and instructional 
resources that serve to illustrate the ALLIES+ practices and facilitate enactment of 
these practices in science classes in grades 4–8. These resources included a net-
worked website for ALLIES+ participants and school partners with access to all 
workshop materials on Trello boards for site level use (see appendices for examples 
of resources described below). 

 The materials emerged from research on effective instruction to foster the 
academic- language and literacy development of ELs (Anstrom et al.  2010 ; August 
et al.  2010 ; Baker et al.  2014 ; Brisk and Proctor  2012 ; Echevarria et al.  2011 ; 
Jiménez et al.  2015 ; Moschkovich  2012 ; Kibler et al.  2015 ; Van Lier and Walqui 
 2012 ; Wong Filmore and Filmore  2012 ; Zwiers et al.  2014 ). From the research 
review we generated a list of effective instructional practices. Next, we analyzed a 
set of videos of exemplary teaching from classrooms in which practices that specifi -
cally addressed the academic-language development of ELs were being enacted. 
The teachers in these classrooms were randomly selected from schools with which 
we had partnered and volunteered to videotape lessons in which they were engaged 
in academic-language instruction. We used these to develop a description of the 
instructional practices that best refl ect their enactment in teaching. Then, we 
repeated this process with an additional set of videos of classrooms to further refi ne 
the language of what we began to call the ALLIES essential practices. 

 This process revealed three essential practices identifi ed as high impact for 
academic- language and literacy development: Foster Academic Interactions (struc-
turing and strengthening student-to-student interactions that use academic language 
and literacy); Fortify Academic Output (structuring, strengthening, and supporting 
the quantity and quality of students’ production of original, extended oral and writ-
ten academic messages which require complex language); and Interact with 
Complex Text (developing students’ overall abilities to practice with and process 
the language of complex texts). 
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 These essential, high impact practices, although central to effective academic 
language instruction, alone do not get to the core of academic language teaching. 
Effective academic language teachers enact another set of instructional practices in 
support of these essential, high impact practices. We labeled these Cross-Cutting 
Practices: Facilitate Acquisition of Academic Language, Foster Metacognition, and 
Monitor and Guide Language Learning. Finally, in preparation for enactment of 
high-impact and cross-cutting practices, teachers employ the foundational practice: 
Design Instruction of Academic Language and Literacy Development. This practice 
focuses on how clearly and directly a teacher aligns academic-language objectives 
with content objectives, which in turn should align with the lesson’s texts and tasks. 

 Our research also revealed, not just a list of practices, but ways in which the 
essential instructional practices support one another. For professional learning pur-
poses we organized the practices into three “frames”, each consisting of a high 
impact essential practice supported by three cross-cutting practices and a founda-
tional practice that are common across the three frames. (See Fig.  11.2  for an 
example.)
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  Fig. 11.2    Foster academic interactions teaching frame       
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   Because the science and engineering practices of the Next Generation Science 
Standards ( 2013 ) are language intensive and require students to engage in classroom 
science discourse, the professional development team, in consultation with district 
representatives, decided to focus on Foster Academic Interactions. The emphasis in 
the fi rst session was helping design teams develop an understanding of this practice, 
so we introduced them to videos depicting classroom teachers’ use of this high-
impact essential practice at varying levels of enactment. We also introduced and 
demonstrated a variety of instructional resources that they could use with students, 
including the Constructive Conversation Skills Poster and the Conversation Analysis 
Tool (See  Appendix A .) During Studio Time in the fi rst session, design teams worked 
together to integrate these materials into already existing lessons. In the sessions that 
followed teams developed new lessons that incorporated these tools. 

 Another important emphasis in the early sessions was helping each design team 
understand how to utilize effectively the PLC structure that existed at each site. One 
aspect of this work was developing Inquiry Questions and using them as the focus 
during PLC meeting time. Tools we used during this component appear in  Appendix 
B . 

 Graphic organizers were also developed for use by teams in collecting evidence 
of the effectiveness of their science learning activities with embedded essential 
practices that were implemented in classrooms and expanded learning programs. 
Data collected through use of the graphic organizer tool were brought to PLC meet-
ings for discussion, refl ection and refi nement with fellow team members. An exam-
ple of a graphic organizer appears in  Appendix C . 

 During the fi nal session, we shared  Introducing Robotics with Scribbler , a robot-
ics curriculum that was purchased for teacher and expanded learning staff use. We 
also demonstrated where the essential instructional practices could be woven into 
lessons plans for classroom and expanded learning program enactment.  

    Outcomes 

 Participant interviews were used to gather information and help us understand how 
successful our efforts were in supporting and engaging school-based design teams 
in implementing science learning activities across school and expanded learning 
contexts. A case study approach was taken with the interviews, which were con-
ducted with the principals, teachers, expanded learning site coordinator, district 
expanded learning director, and county offi ce of education staff. The interview for-
mat was modifi ed slightly to refl ect the context and role that each individual had on 
the team. 

 When asked to describe what the team had accomplished over the year, all of the 
interviewees spoke of the team co-designing a series of science lessons that incor-
porated ALLIES+ strategies. This included participating in joint professional learn-
ing workshops about ALLIES+ practices and selecting a science content area and 
accompanying lessons for expanded learning staff to implement. The principal and 
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expanded learning coordinator highlighted how valuable it was to have joint col-
laboration and planning time with teachers and expanded learning staff during both 
the formal professional learning workshops and the PLCs. Team members described 
how the PLCs provided time to debrief after the lessons to talk about what went well 
and what should be modifi ed or changed for the next lesson. 

  Bridging Expanded Learning and Expanded Learning Contexts     When asked 
whether the project had successfully brought classroom teachers and expanded 
learning staff together all of the individuals interviewed responded that it had defi -
nitely opened a dialogue and broken down barriers. For example, the principal said, 
“It made a huge difference last year… I saw the connections build and saw that 
expanded learning staff was more comfortable asking teachers questions and teach-
ers were more open to sharing resources with expanded learning staff.” In addition, 
the regional leads described how the project had begun to break down barriers and 
bring the two communities together. Initially they noticed that expanded learning 
staff was tentative in meetings with teachers and administrators but they gradually 
began to feel comfortable and by the end they were participating fully. They also felt 
that teachers had gained a new understanding of some of the challenges that 
expanded learning staff face.  

  Academic Language and Literacy and Science Practices     The interviewees were 
asked if the project led to increased use of academic literacy practices and science 
content in classrooms or expanded learning contexts. All of the interviewees 
responded that there was defi nitely an increase in the use of ALLIES+ practices in 
the expanded learning setting. The principal spoke of a “huge increase in the 
expanded learning program use of the ALLIES+ practices.” The regional leads 
observed several science lessons being taught and described how EL staff used spe-
cifi c ALLIES+ strategies (e.g. sentence stems, academic vocabulary, fi nding evi-
dence to support claims). The expanded learning coordinator described how the 
team had learned both science content and new ways to incorporate ALLIES+ strat-
egies in to lessons. Likewise, the expanded learning director noted, “I saw science 
and math teachers provide their expertise to expanded learning program staff and 
then later saw it implemented in the expanded learning program. It was pretty 
amazing.” 

 The principal and expanded learning coordinator described student presentations 
that were the culminating activity of the science unit taught by the expanded learn-
ing staff. Students presented on the STEM unit to a panel of teachers and the prin-
cipal. The regional leads felt this was a powerful activity that engaged students as 
well as the entire ALLIES+ expanded learning team.  

  Successes     One of the primary successes mentioned by interviewees was a shift in 
how teachers and expanded learning staff communicate and interact. All of the 
interviewees described how important it was that the entire team (teachers, expanded 
learning staff, principal) consistently attended all of the workshops and PLC’s 
together. This resulted in the team gaining momentum and setting realistic and 
actionable goals. Another success related to this was that the principal was able to 
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carve out common planning time for the team to meet. All of the interviewees men-
tioned how valuable it was to have the principal be an active and engaged member 
of the team. This, in turn, resulted in signifi cant steps towards bridging the gap 
between regular day and expanded learning programs. 

 Another success identifi ed in the interviews was that expanded learning staff 
gained confi dence in their ability to implement both the ALLIES+ strategies and the 
science content. As the expanded learning director described this shift, “It was great 
to see the expanded learning program staff taking the activities to the next level, and 
seeing the pride they had when they implemented the activities.” Several interview-
ees noted that this increase in confi dence resulted in students being more engaged 
and interested in the content as well. In a related comment, one of the COE staff 
noted the success of the project in giving English learners more opportunities to 
speak and use academic language – something that they do not typically get enough 
time to do during the school day.  

  Continued Supports Needed     All of the interviewees noted the importance of con-
tinuing to give teachers and expanded learning staff the dedicated time to meet and 
collaborate. Specifi cally this involves both fi nancial support and the organizational 
structure to set aside joint planning time. Expanded learning staff and teachers need 
additional training in the ALLIES+ strategies and science content in order to effec-
tively collaborate and teach the content. The interviewees mentioned that the team 
needs to have access to high quality resources and materials that will engage stu-
dents. This requires giving expanded learning staff the time to properly prepare the 
materials for students so that they are ready to teach the lesson in the most effective 
way.   

    Conclusions 

 Findings from this study suggest that professional development models that are 
responsive to the needs and interests of the participating educators, schools, 
expanded learning programs and districts hold great promise for authentic and gen-
erative teacher knowledge development. Specifi cally, models of professional devel-
opment designed around the key, research-based practices of effective professional 
development, can positively impact teacher knowledge and practice. As such, the 
following features characterize our professional development model:

•     Situated in Practice:  Teams of educators from schools and expanded learning 
programs came to the professional development sessions and worked collabora-
tively on science curriculum and artifacts of practice from their contexts. Between 
sessions and meetings they implemented new lessons and activities in their 
 settings and then they came back together to refl ect on implementation and refi ne 
these products.  
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•    Focus on Student Learning:  The professional development sessions were all 
designed to focus on student learning (i.e., academic-language, science learning, 
and grade level concepts).  

•    Model Instructional Strategies:  The professional development team modeled 
instructional strategies throughout the professional development sessions. In 
addition, teachers and expanded learning staff modeled various instructional 
strategies for each other.  

•    Engage Educators in Active Learning:  The design studio components of the pro-
fessional development meant that teams were active participants in the profes-
sional development sessions.  

•    Build Professional Learning Communities:  Many activities in the professional 
development sessions were designed to build learning communities, both among 
the teams of teachers from each school, expanded learning staff, and among 
teachers and expanded learning staff.  

•    Integrate with Other Aspects of School Change:  This initiative was developed in 
response to the district’s emphasis on NGSS and CCSS. The professional devel-
opment team met with the district leaders to elicit their goals for the professional 
development program and to understand the bigger strategic goals for the dis-
trict. The professional development team then worked to design the professional 
development sessions such that they aligned with district goals.  

•    Sustainable:  The professional development program was offered over an 
extended period of time consisting of activities that were ongoing and sustain-
able over time, and that provided the opportunity for participants to engage in 
cycles of experimentation and refl ection. In addition, district instructional lead-
ers participated in the professional development sessions so that they would have 
the knowledge and skills needed to sustain the work beyond this project.    

 Learning how to use ALLIES+ practices across educational contexts requires 
expert instruction, explicit modeling, and ongoing support. Learning to integrate 
these practices into an existing schema for teaching students in support of STEM 
learning requires time to practice and collaborate with colleagues. This professional 
development model, designed around the key principles for building instructional 
capacity, provided time for teachers and expanded learning staff to learn how to use 
the practices in support of academic language and science learning through explicit 
modeling, individual and collaborative experimentation, and expert and peer men-
toring. The professional development providers’ ability to determine and respond to 
the needs of design teams, by balancing modeling with appropriate support, were 
the critical components in what participants reported were authentic and generative 
learning experiences that promise to impact positively student academic language 
and their understanding of science concepts.      
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    Appendices 

     Appendix A 

    

Conversation Analysis Tool
The following scoring tool is meant to help you reflect on two key dimensions of 
effective interactions. You will fill in the online version of this tool when you
complete Assignments 1.1 and 3.1. You can use this for practice and notes.

DIMENSION 1: Turns build on previous turns to build up an idea

4 Half or more of the turns build on previous turns to effectively build up 
a clear and complete idea

3 Half or more of the turns build on previous turns to adequately build up an idea,
which may be incomplete or lack clarity. 

2 Few turns build on previous turns to build up an idea.

1 Turns are not used to build up an idea.

DIMENSION 2: Turns focus on the knowledge or skills of the lesson’s objectives

4 Half or more of the turns effectively focus on the lesson’s objectives and show depth
or fostering of the intended learning.

3 Half or more of the turns sufficiently focus on the lesson’s objectives, but this focus
may be superficial or lack clarity.

2 Few turns focus on the lesson’s objectives.

1 Turns do not focus on the lesson’s objectives.

Dimension 1: Turns build on previous turns to build up an idea Score
4-3-2-1

Rationale for score

Dimension 2: Turns focus on the knowledge or skills of the lesson’s
objectives Score

4-3-2-1

Rationale for score
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         Appendix B 

    

Process for Developing Inquiry Questions

What is it that your students struggle with the most?

What do many of your students experience difficulty doing?  (Brainstorm on post-its.)

What ideas go together?  (Prioritize.)

What evidence do we need?

How are we going to teach it? (Fill in Inquiry Question chart.)

Write it as an inquiry question: How can I develop my students’ ______________evidenced by ___________by using__________________?

Question Response

What do we want students to know and be able to do?

How will we know? What evidence will we use to determine they met the
learning target?

What strategies or instructional practices will we use to help our students
reach the learning target?

  

         Appendix C 
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 A Design-Based Model of Teacher Professional 
Learning in the LISELL-B Project                     
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         Introduction 

 The Language-rich Inquiry Science with English Language Learners through 
Biotechnology (LISELL-B) project is the latest iteration of an ongoing design- 
based research project to develop, implement, and refi ne a teacher professional 
learning framework and a pedagogical model for teaching science with emergent 
bilingual learners 1 . The LISELL-B framework and model support middle school 
and high school science and ESOL teachers, their emergent bilingual students, and 
those students’ families in gaining profi ciency with science and engineering inves-
tigation practices and with the academic language of science. Together, these skills 
are essential for attaining academic success and accessing college and career path-
ways. The project uses science, and particularly biotechnology, as a context for 
developing the problem solving and academic communication skills that emergent 
bilingual learners need to progress along STEM academic and occupational path-
ways. The project is a collaborative partnership among the research team, approxi-
mately 50 teachers, 4000 of their students, and 100 Latino families (focal families) 
in 10 schools (5 middle schools and 5 high schools) in two Georgia school districts. 
These districts are part of what Wortham et al. ( 2002 ) have called the new Latino 
diaspora, the region of the Southeastern U.S. with rapidly changing demographics 

1   Students who are learning English as an additional language are referred to by a range of labels, 
including English language learners (ELLs), English learners (ELs), and Limited English profi -
cient (LEP). We prefer to use the term emergent bilingual learners to highlight the fact that these 
students have a home language that is a resource that should be maintained and strengthened while 
they are learning English. 
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lourdes.cardozoga25@uga.edu; mehtapt2009@gmail.com  

mailto:buxton@uga.edu
mailto:marthaas@uga.edu
mailto:y.her.lisell@gmail.com
mailto:aghasale@uga.edu
mailto:lourdes.cardozoga25@uga.edu
mailto:mehtapt2009@gmail.com


216

driven largely by Latino immigration from México, Central America, and South 
America. 

 In the Southeast, schools and teachers have historically had little interaction or 
experience with teaching emergent bilingual learners, but are now confronted with 
classes that may be more than one-half fi rst- or second-generation immigrant stu-
dents. While in more longstanding Latino communities many students start school 
speaking English as their fi rst language, in the new Latino diaspora, these new-
comer populations are typically Spanish dominant. With these cultural and linguis-
tic shifts in mind, it is not surprising that in the past 10 years, educational policies 
in the Southeast, which have largely promoted English-only models of instruction, 
have failed to make use of students’ home languages as an instructional support 
(Garcia and Kleifgen  2010 ). It is within this context that we developed the LISELL-B 
pedagogical model and professional learning framework that we describe in the 
next two sections. We note that small numbers of emergent bilingual students in our 
project schools spoke a home language other than Spanish, and we discuss our 
efforts to support these students as well.  

    Design and Evolution of the LISELL-B Pedagogical Model 

 Current understandings of how and where people learn science (National Research 
Council  2009 ,  2011 ) support the idea that useful science knowledge includes a 
blend of practices, core conceptual ideas, and communication skills that are devel-
oped in a broad range of life-wide and life-long learning contexts. Additional 
insights from sociocultural and sociolinguistic research highlight the challenges, 
resources, and support structures that must be considered so that all learners can be 
successful with science both in and beyond school (e.g., Buxton et al.  2015 ; Parsons 
 2008 ; Rosebery and Warren  2008 ). In the case of the science and engineering prac-
tices in the Next Generation Science Standards (NGSS Lead States  2013 ) research 
is just beginning to address the unique academic needs and resources of bilingual 
learners (Lee et al.  2013 ). Indeed, the language of the NGSS practices (e.g., plan-
ning and carrying out investigations; obtaining, evaluating and communicating 
information) is quite broad, and many students, but especially emergent bilingual 
learners, will require additional specifi city and clarity if they are to take ownership 
of these practices. 

 There are a number of emergent projects and initiatives focused on making these 
language demands more explicit. For example, the NGSS includes several appendi-
ces with information relevant to language demands: Appendix D presents cases, 
including a focus on English learners, meant to demonstrate how all students can 
meet the goals of NGSS, while Appendix F provides lists of specifi c skills needed 
to engage in the science and engineering practices, with embedded language 
demands. In addition, the Council of Chief State School Offi cers (Pimentel et al. 
 2012 ) has published a framework for the development of English language profi -
ciency standards meant to outline the language requirements and strategies that 
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 support the explicit disciplinary knowledge and skills relevant for NGSS as well as 
the Common Core. Finally, we note the work of the Understanding Language 
Initiative and the resulting ELPA21 Consortium that has undertaken development 
and assessment of English language profi ciency standards aligned with NGSS sci-
ence and engineering practices (Linquanti and Hakuta  2012 ). 

 Building on and testing assumptions of these initiatives, we used the LISELL-B 
pedagogical model to identify key features of the language of scientifi c investiga-
tion – those language skills and practices that are needed to engage in, make sense 
of, and communicate meaningfully before, during, and after participation in scien-
tifi c investigations. These practices become increasingly important as students tran-
sition from elementary school to secondary school, where many students are 
systematically exposed to the language of science for the fi rst time. Students are 
asked to contextualize and interpret their experiences of the natural world through a 
language that may often sound quite foreign (Halliday  2004 ). To this end, we have 
developed six  language of science investigation practices  that constitute the peda-
gogical model for LISELL-B (Fig.  12.1 ).

students practice
students practice

students practice

students practice

students practice

students practice

students practice
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  Fig. 12.1    LISELL-B pedagogical model       
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      Practice 1: Coordinating Hypothesis, Observation and Evidence 

 By the time students enter middle school, most have a basic understanding of what 
a hypothesis is and can typically generate examples. However, students may strug-
gle to explain how hypotheses can be evaluated using observations and evidence 
(McNeill and Krajcik  2011 ). Students may have the limited idea that observations 
are just what we see with our eyes, rather than involving all of our senses, as well as 
the use of tools and technologies (e.g., microscopes, balances, probes) that allow us 
to observe and measure things that we could not detect with our bare human senses. 
Further, middle school students often struggle to use observations as evidence to 
evaluate their hypotheses (Buxton et al.  2013 ). Students need to learn how to select 
particular observations that can serve as evidence, while discounting other observa-
tions as not pertinent to evaluating the hypothesis. To engage in this practice, stu-
dents must use both receptive language skills (listening and reading) and productive 
language skills (speaking and writing) in appropriate ways (e.g., Based on my 
observation that _____, the evidence supports my hypothesis because _____.).  

    Practice 2: Controlling Variables to Design a Fair Test 

 Many middle and high school students also have a general understanding of what a 
variable is, but may struggle to differentiate between the mathematical and scientifi c 
usages common in school. Further, students often fail to conceptualize the need to 
manipulate and control variables in precise ways as part of experimental science 
(Lorch et al.  2010 ). While we acknowledge that an investigative approach involving 
the manipulation of variables is only one form of scientifi c inquiry, this LISELL-B 
language of scientifi c investigation practice emphasizes the value of accurate scien-
tifi c communication when designing a fair test. Students learn to communicate 
about the process of manipulating one variable, determining the effect of this 
manipulation on another variable, and attempting to control any other possible vari-
ables that could affect the process or outcome of an investigation and guarantee a 
fair test. Students need explicit practice if they are to take ownership of language 
that expresses the complex interrelationships among variables (e.g., The dependent 
variable I will observe as an outcome of my investigation will be ____ because 
____.).  

    Practice 3: Explaining Cause and Effect Relationships 

 Cause and effect relationships are at the heart of scientifi c explanation, but can take 
time and practice for young adolescents to develop and articulate (Kuhn  2005 ). 
Practicing cause and effect explanations helps students to better understand 
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scientifi c investigations and processes as they learn to identify the actions, reac-
tions, events, or conditions, linked to particular science content, that lead to or cre-
ate specifi c consequences (Kuhn et al.  2000 ). This LISELL-B language of scientifi c 
investigation practice is also foundational to the practice of evidence-based argu-
mentation that is a central feature of the NGSS. Indeed, much of scientifi c argumen-
tation focuses on crafting convincing explanations of cause and effect relationships 
grounded in science content (e.g., When ___ happened, then the effect was ___ 
because ____.).  

    Practice 4: Using Models to Construct Explanations and Test 
Designs 

 Scientists and engineers rely on a wide variety of models, including mental models, 
physical models, conceptual models, and mathematical or computational models, to 
make sense of, test, and refi ne their ideas. Science students can also benefi t from the 
process of developing models as well as from studying models that have been devel-
oped by others. Models bring together and unify other LISELL-B practices because 
most models (especially conceptual models) demonstrate the relationships among 
variables, and serve to explain causal relationships linked to important science con-
tent (McNeill and Krajcik  2011 ; Schwarz et al.  2009 ). In addition to constructing 
explanations, scientists and engineers also use models to test designs. These design 
tests can build conceptual understanding while also serving as important linguistic 
scaffolds that students can build on individually and collectively to support collab-
orative sense-making (e.g., My model shows the relationships between ____ and 
____.).  

    Practice 5: Using General Academic Vocabulary in Context 

 General-purpose (non-discipline specifi c) academic vocabulary is often overlooked 
in school, because teachers, textbook authors, and test developers all routinely make 
the incorrect assumption that most students are already profi cient with this vocabu-
lary (Snow et al.  2009 ). General-purpose academic words (e.g., indicate, feature) 
are common in written academic texts, assessments, standards, and teacher talk, but 
are rare in students’ oral, conversational language, making it nearly impossible for 
many middle school students to fully comprehend the meanings of the content- 
specifi c texts they encounter in science (Snow  2010 ). Coxhead ( 2000 ) codifi ed and 
compiled an academic word list of the most commonly used general academic 
vocabulary words across the disciplines. In the LISELL-B project, we began with 
the Coxhead academic word list, but have made continual modifi cations based on 
feedback from project teachers and from our own experiences working with 
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students. We specifi cally highlighted the numerous general academic vocabulary 
words that are cognates in English and Spanish as one way to promote a focus on 
using home language resources as an asset for science learning. We use our revised 
word list to support general academic vocabulary development in meaningful con-
text in science classrooms, embedding this vocabulary in lessons and building bilin-
gual academic word walls.  

    Practice 6: Owning the Language of Science 

 Science uses unique language structures to communicate ideas in particular ways. 
These structures include a reliance on grammatical metaphor, technical vocabulary, 
dense clausal packing, and rheme to theme structure, among other linguistic fea-
tures (Halliday  2004 ). Scientists have developed these language patterns for useful 
reasons, such as to support the accurate and concise communication of scientifi c 
thinking, and to make scientifi c claims sound authoritative and defi nitive. These 
same language structures, however, also tend to confuse students and make science 
seem more complex and harder to understand than it actually is. Explicit decon-
struction of the language of science can help all students, and especially bilingual 
learners, to better understand and communicate scientifi c ideas (Fang and Wei 
 2010 ). The LISELL-B practice of owning the language of science focuses explicitly 
on supporting students in adopting this specialized language to better understand 
and communicate scientifi c ideas, in addition to building credibility for their own 
scientifi c thinking. For example, students practice two-way rewriting, translating 
academic science language into everyday language and vice versa. 

 When taken together, these language of science investigation practices help all 
students, and especially emergent bilingual learners, to adopt the specialized lan-
guage critical for success in academic science by allowing students to both decode 
scientifi c texts and to communicate their own scientifi c ideas clearly. The LISELL-B 
pedagogical model was enacted by teachers based on their engagement in our pro-
fessional learning activities.   

    Design and Evolution of the LISELL-B Professional Learning 
Framework 

 We developed the LISELL-B professional learning framework through an iterative 
co-design process, to provide multiple ways for teachers to explore the language of 
science investigation practices that compose the LISELL-B pedagogical model, to 
assist project staff in modifying and adapting the practices to make them more 
meaningful for teachers and students, and to consider how these practices might be 
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integrated into daily science teaching repertoires. We designed fi ve professional 
learning contexts in which different stakeholders come together to do the work of 
bringing the LISELL-B pedagogical model to life (Fig.  12.2 ).

      Context 1: Summer Teacher Institute 

 An annual 4-day summer workshop on a university campus serves as a setting for 
negotiating common understandings of the LISELL-B pedagogical model and for 
co-developing classroom materials to support enactment of the model during the 
school year. The summer institute emphasizes both the theoretical ideas behind our 
pedagogical model and the practical collaboration and planning needed to support 
enactment of the practices. Teachers also visit research labs, often with a focus on 
biotechnology, and speak with STEM researchers about their work and about their 
career trajectories.  
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  Fig. 12.2    LISELL-B professional learning framework       
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    Context 2: Summer Student Academy 

 Based on our experiences in the initial LISELL exploratory project, we added a 
student academy in the LISELL-B project that follows the teacher institute. Teachers 
in the institute nominate students from their schools who become the participants in 
the student academy. The dual goals of the student academy are: (1) to provide sci-
ence enrichment to students who are emergent bilingual learners, while previewing 
some of the specifi c science content that they will experience in the coming school 
year, and (2) to give teachers a professional learning space in which to dynamically 
explore new teaching practices learned during the teacher institute without school 
year pressures and constraints. In this space, as they collaborate with colleagues and 
try out ideas with students, teachers develop confi dence about integrating those 
practices into their teaching repertoire during the regular school year.  

    Context 3: “Grand Rounds” Classroom Observations 
and Online Teacher Logs 

 Classroom observations with project teachers follow a “grand rounds” model in 
which multiple participating teachers in a school are invited to observe one teach-
er’s lesson along with project staff and then debrief the lesson together in a mini- 
workshop format. Teachers have the opportunity to see their colleagues implementing 
the project practices and then engage in dialogue about the lesson and about student 
engagement with the practices. This process especially helps teachers new to the 
project to gain confi dence about integrating the project practices in their own teach-
ing. Project teachers also complete an online log every 2 weeks, in which they 
report on the language of science investigation practices that they have been enact-
ing in their classes. They provide details about the materials and communication 
structures their students used while engaging in the practices. Periodically, teachers 
review and discuss their own log data, as well as log data for the other teachers 
working in their grade level or science discipline. This process allows teachers to 
self-evaluate the practices they have and have not been using in their classroom and 
to think about what changes or additions they wish to make in their teaching.  

    Context 4: “Steps to College Through Science” Bilingual 
Family Workshops 

 During these workshops, project teachers come together with groups of bilingual 
learners from their schools (again nominated by the teachers) and those students’ 
families in a series of Saturday workshops. Participants rotate through three bilin-
gual stations: (1) a session in which LISELL-B staff lead science investigations to 
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model the project’s pedagogical practices; (2) a session in which LISELL-B staff 
facilitate activities exploring academic language, and in which guest speakers, 
including successful college students and former project participants, discuss the 
role of family support for academic success; and (3) a session facilitated by the host 
university, college, technical school, or other institution to share information, activi-
ties, and current student testimonials, that often includes a visit to a research lab 
where families, students, and teachers experience the work in research labs and gain 
knowledge about current innovative research. Each workshop ends with a shared 
meal and informal conversations among students, families, teachers, and 
researchers.  

    Context 5: Teacher Workshops for Exploring Students’ Writing 

 In these Saturday workshops, teachers work with project staff to examine and learn 
from students’ written responses on the LISELL-B constructed response assess-
ments as well as on other science writing samples. In this professional learning 
context, project teachers spend mornings working with project staff to score and 
discuss students’ written responses on LISELL-B assessment items. They consider 
how native English speakers and bilingual learners make and express meaning 
through their written responses. In the afternoons, teachers utilize the strengths and 
limitations they saw in their students’ written responses to discuss how to design 
lessons and investigations that support their students in thinking, doing, talking, and 
writing science together.   

    Implementing and Improving the Effectiveness 
of the LISELL-B Pedagogical Model and Professional 
Learning Framework Through Multiple Iterations 

 In the remainder of this chapter, we draw upon data from the multiple professional 
learning contexts of the LISELL-B project to consider two substantive lessons we 
have learned from our work to support emergent bilingual learners’ (and all stu-
dents’) engagement in robust science and language practices. Through a collabora-
tive design-based implementation research design (Penuel et al.  2011 ), we have 
worked with participating teachers to plan, implement, and revise multiple itera-
tions of our pedagogical model, our professional learning framework, and the tools 
and resources that support their implementation over a 7-year period. This evolution 
of our work highlights the multiple ways in which teachers, students, and the 
research team came to understand and make use of the LISELL-B language of sci-
ence investigation practices. 
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 As one example of this design-based collaboration, we collectively developed an 
approach to curricular adaptation that we came to refer to as LISELLizing. 
LISELLizing involved teachers and researchers both in bringing science lessons to 
the table, and then working together to design scaffolds and additional materials to 
explicitly support the integration of the language of science investigation practices 
into the lessons. Fundamental to this approach was the idea that there is not one 
correct way to adapt a lesson for emergent bilingual learners, and that the template 
we designed was not a “script” for teachers to follow. Instead, the LISELLizing 
template outlined a range of components that can be added to a lesson to support the 
goals of language-rich science investigation. We encouraged teachers to keep in 
mind their knowledge of their students and how students were learning as they 
adapted their lessons. The LISELLizing process involved the integration of three 
components. The fi rst component was an explicit focus on the language of science, 
through the inclusion of science concept cards, lab role cards, general academic 
vocabulary cards, and language frames (elaborated more fully below). The second 
component of the LISELLizing process was the development of a LISELL language 
booster as a high interest way to engage students in both the language and the con-
tent of the lesson (also elaborated more fully below). The third component of the 
LISELLizing process was the focus on one of the LISELL-B language of science 
investigation practices (described earlier) through the inclusion of an explicit writ-
ing scaffold we refer to as a LISELL lab notes template. The evolving process of 
LISELLizing can be seen as a response to the lessons learned over multiple years of 
project implementation. 

    Lesson 1 – Emergent Bilingual Learners Can Benefi t 
from Reading, Thinking, Talking, Writing, and Doing Science 
Together, Regardless of Their English Profi ciency Level, 
Given Adequate Linguistic Supports, Structured Tasks, 
and Meaningful Purposes 

 One guiding principle of the LISELL-B project has been that all students can and 
must be engaged in rigorous but intentionally scaffolded science learning, regard-
less of their English language profi ciency or their prior educational experiences. As 
the number of immigrant students in our project schools continued to increase, this 
challenge became a growing concern for teachers and administrators. Historically, 
emergent bilingual learners have been excluded from grade-appropriate content 
instruction during a period of time (up to several years) in which those students 
were given intensive English language instruction (Harper and Jong  2004 ). The 
result of such policies, of course, was that emergent bilinguals fell further and fur-
ther behind in terms of content learning as well as the content specifi c academic 
language that develops through content learning (Calderón et al.  2011 ). While this 
model of educating emergent bilinguals still exists in some places (Iddings et al. 
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 2012 ), one upshot of the standards and accountability movement has been the inclu-
sion of emergent bilinguals (as well as many other students with special learning 
needs) into general education content courses, but often without the necessary sup-
port structures to make this transition effective (Goldenberg  2008 ). We describe the 
evolution of two aspects of the LISELL-B project that highlight how we improved 
the support for students to do and communicate about science together, namely, the 
role of language boosters and the role of language–rich science investigation kits. 

  Evolution and Role of Language Boosters     From the early phases of our work, we 
were committed to providing emergent bilingual learners with scaffolds that would 
support their reading, writing, thinking, and talking about science together in small 
groups or with partners. Our fi rst attempt to facilitate this work was through the 
development of LISELL  launching paragraphs . Launching paragraphs were short 
(1–2 paragraph) high interest texts written by the research team and by our initial 
cohort of teachers. Launching paragraphs were designed to be read by students and 
then discussed with a partner. Two or three discussion questions were provided that 
related the reading to one of the LISELL language of science investigation practices 
(such as explaining cause and effect relationships). General academic vocabulary 
words were also included and highlighted in the reading. While the launching para-
graphs were somewhat successful in prompting students to think, talk, and write 
together, they were generally viewed as stand-alone activities to be done at the start 
or end of a class period, and were not directly linked to the science topic or standard 
being taught, nor connected to a particular science investigation.  

 After several iterations, we now refer to our short readings as  language boosters . 
They are meant to accomplish the same general goal as the earlier launching para-
graphs, with a modifi ed format and more explicit connections to lessons and stan-
dards. Language boosters are still short, high interest science texts with two or three 
discussion questions that ask pairs of students to read, think, talk, and write together 
about science, they still systematically incorporate general academic vocabulary 
words in meaningful context, and they are still created both by members of the 
research team and by teachers in the project. However, language boosters are now 
connected thematically to a relevant content area standard and are usually attached 
as the introduction to a specifi c science investigation. They also include engaging 
images to support understanding of the focus of the text. Thus, for example, a physi-
cal science investigation we developed to explore potential and kinetic energy using 
bouncing balls begins with a language booster about how the chemist Norman 
Stingley invented the Superball (see Fig.  12.3 ), and an engineering investigation on 
building earthquake resistant structures begins with a language booster that com-
pares the damage from the 1995 Kobe, Japan, earthquake with that of the 2015 
earthquake in Nepal. These shifts have made LISELL-B language boosters more 
useful both for teachers and for students as they explicitly connect use of the lan-
guage of science with engagement in doing science together. While most of the 
language boosters are in English only, emergent bilingual students still engage 
meaningfully with these texts, supported by their short length, their engaging 
images, concept and general academic vocabulary cards explicating key concepts, 

12 A Design-Based Model of Teacher Professional Learning in the LISELL-B Project



226

and the structured partner format of reading independently and then talking and 
writing collaboratively. We also developed a series of bilingual language boosters in 
Spanish and English for use in our steps to college through science bilingual family 
workshops, which some teachers have subsequently used in their classrooms.

  Fig. 12.3    Sample LISELL-B language booster       
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    Evolution and Role of Language-Rich Science Investigation Kits     Another way 
that we scaffolded students’ language use from an early point in the project was 
through the development of resources to support both comprehension and commu-
nication as students do science together. We began by developing a series of what 
we referred to as  LISELL model lessons . These lessons were science investigations 
designed for use in our teacher summer institutes and our bilingual family work-
shops. We occasionally had teachers request to use these same activities in their 
classrooms during the school year, and we would supply the lessons and the materi-
als needed to teach them. We did not, however, consider the LISELL project to be a 
curriculum development project, but rather, as providing a framework that could be 
applied to whatever lessons that teachers already taught. We sometimes used the 
metaphor of a transparency on an overhead projector, in which teachers could use 
the LISELL model as an overlay to support their existing science investigations.  

 As the project developed through multiple iterations, however, we began to see 
these model lessons, with their scaffolded handouts that structured both the lan-
guage of science and the practices of our pedagogical model, as an important way 
to support teachers in implementing the LISELL-B practices. Working collabora-
tively with teachers in the summer institute and academy, we have now developed 
approximately 40 LISELL-B language-rich science investigation kits that are 
aligned with the state science curriculum while providing additional support for 
students to own the language of science ( Appendix  lists the current LISELL-B 
Earth Science Kit topics). The language-rich science investigation kits include lan-
guage boosters, lab materials, and scaffolded handouts for conducting language- 
rich science investigations. The kits also include science concept cards, general 
academic vocabulary cards, and lab role cards. Concept cards highlight a small 
number (5–6) of key science concepts that are needed to communicate about the 
investigation. Each card includes the concept in English and in Spanish, as well as 
relevant images, a student-friendly defi nition and the concept used in a sentence. 
Some teachers have students use the cards in their lab groups, while other teachers 
use the cards to make a concept word wall. General academic vocabulary cards fol-
low a similar format, addressing more general vocabulary incorporated in the lan-
guage booster and scaffolded handouts associated with the investigation. Lab role 
cards are directions for students to use in lab groups to play one of four roles (prin-
cipal investigator, translator, lab technician, or data manager). Each role card gives 
the student a set of tasks to perform and a set of questions to ask the group that focus 
on the language of science investigation practices. While most of the language-rich 
science investigations are in English only, emergent bilinguals are provided with 
multiple resources to support their engagement, including the concept cards for sup-
porting key ideas and vocabulary, the lab role cards for supporting full participation 
of all students, and the hands on nature and high interest topics of the investigations 
themselves. As with the language boosters, we are gradually developing English- 
Spanish bilingual versions of the kit materials.  
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    Lesson 2 – Monolingual, English-Speaking Teachers Can Still 
Help Emergent Bilingual Leaners to Use Their Home Language 
as an Academic Resource for Science Learning While 
Simultaneously Supporting Students’ Acquisition of Academic 
English 

 A second fundamental premise of the LISELL-B project is that teaching and learn-
ing practices for emergent bilingual learners should enhance the maintenance, 
development, and use of students’ home language(s) as well as English, since all 
“emergent bilingual learners are developing a complex linguistic multicompetence” 
(Garcia and Kleifgen  2010 , p. 45). From the beginning of the project, we wished to 
work with teachers to rethink the place that home languages have in the science 
classroom and to promote translanguaging practices (Garcia and Wei  2014 ), in 
which students’ multiple languages are viewed as fl uid tools for meaning-making, 
coexisting in ways that can enrich and enhance the learning process. The varied 
professional learning contexts that we constructed all supported teachers in gaining 
awareness of how students’ home languages can become powerful academic 
resources for science learning. We considered how school policies and practices 
often relegate home languages to social interactions, thus reducing their potential to 
enrich academic learning. Instead of viewing students’ multiple emerging languages 
as separate codes for constructing meaning, we wished to support teachers in adopt-
ing the translanguaging perspective that a collective body of linguistic resources can 
and should be used fl uidly and as needed by students independently, in groups, and 
in interaction with teachers. Several aspects of the LISELL-B project grew and 
evolved in accordance with this belief, including the role played by the steps to col-
lege through science bilingual family workshops and the role of the LISELL-B 
bilingual constructed response assessments. 

  Role of the Steps to College Through Science Bilingual Family Workshops     During 
the LISELL-B steps to college through science bilingual family workshops, project 
teachers (mostly monolingual English speakers), emergent bilingual students (some 
Spanish dominant and some English dominant), the students’ family members 
(mostly Spanish dominant), and the research team (mostly bilingual or multilingual, 
but not necessarily in Spanish) all worked together as co-teachers and co-learners. 
As noted earlier, the workshop format involves groups of families and teachers 
rotating through three types of activities followed by the whole group coming 
together for lunch. As initially conceptualized, these workshops were meant to give 
parents and students a way to interact together around the context of science in the 
hope that the shared conversations and activities would increase awareness of and 
enthusiasm for science learning, science related careers, and the opportunities that 
good academic performance can provide. We saw the role of teachers being present 
in these workshops largely as a way for teachers to support and connect with their 
students and their students’ families. Because most of the parents in these work-
shops were more comfortable in Spanish, and because we wanted to support the 
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students in maintaining and developing academic language skills in Spanish, we 
conducted many of the family workshop activities in a mix of Spanish and English 
without using simultaneous translation.  

 As we continued to offer and modify the bilingual family workshops over time, 
we came to conceptualize the role of teachers in these workshops as more signifi -
cant than we had originally envisioned. Teachers told us repeatedly during inter-
views, focus groups, and informal conversations, that their participation caused 
them to fundamentally shift their thinking about their students’ capabilities in sci-
ence, their assumptions about their students’ families, and their ideas about the role 
of home language in supporting scientifi c thinking and communicating. Teachers 
often found themselves working with families during science investigations in 
which the teachers understood the science content being explored but struggled to 
participate in the science talk that was largely taking place in a language they did 
not understand. Even with the supports that were provided, such as bilingual hand-
outs for the investigations, LISELL-B staff keeping running notes bilingually on 
chart paper in the rooms, and the presence of their students who were usually at 
least moderately bilingual, the teachers still commented about how exhausting it 
was to stay focused on learning in a second language. This experience led to greater 
empathy for their emergent bilingual students and, at least in some cases, a new 
commitment to supporting their students’ use of their home language as well as 
English as a way to facilitate science learning and communicating. A group of 
teachers even organized themselves into a Spanish language study class, working 
with a member of our project team who was an experienced Spanish teacher, as a 
way to support increased bilingualism in their classrooms. We also note that recently, 
a group of Burmese-Karen families have begun to attend our family workshops, 
pushing us to consider new multilingual models of workshop facilitation moving 
forward. 

  Role of Bilingual Constructed Response Assessments     Another goal of the 
LISELL-B project was to develop more robust ways of understanding and measur-
ing emergent bilingual students’ developing scientifi c thinking and communicating 
as expressed through the language of science. To this end, we developed a bilingual 
constructed response assessment that asks students to write about their understand-
ings of the LISELL-B science practices in the context of science investigation sce-
narios (Buxton et al.  2014 ). While there is some evidence for the value of studying 
bilingual learners’ writing as a way to support their science learning (e.g., Gunel 
et al.  2007 ), there is less evidence about how best to support emergent bilingual 
students’ science writing on either formative or summative assessments as part of 
that process. Our analysis of emergent bilinguals’ written responses on our assess-
ment points to areas where students demonstrated substantive profi ciency and 
growth using key aspects of the language of science. This was particularly true for 
students who made use of both the Spanish language and English language resources 
provided on our assessment. At the same time, the majority of the students showed 
that they still had a long way to go in order to master the language of science for the 
purpose of explaining their scientifi c thinking in written form.  
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 Similar to the bilingual family workshops, we initially conceptualized the bilin-
gual constructed response assessments as a way to help us understand how emer-
gent bilingual students were making sense of their science learning while also 
providing experiences for the students that could help them understand what it 
means to think and communicate scientifi cally. Our initial iteration of the project 
did not consider how engaging teachers with their students’ multilingual science 
writing could serve as a valuable professional learning opportunity to support teach-
ers in understanding and improving these students’ science learning experiences. 
After the fi rst few iterations of our professional learning framework, we added the 
 teachers exploring students’ writing workshops  as a component of our professional 
learning. We found, that when teachers were given time and a structure for looking 
at and talking about their emergent bilingual students’ writing about science, they 
developed a positive appreciation for the emergent science ideas and scientifi c lan-
guage usage that their students demonstrated. Teachers commented that on most 
science assessments used today, the focus is on correct and incorrect responses with 
little opportunity for students to explain their thinking and therefore, little opportu-
nity for teachers to see their students’ emergent science understanding. Because our 
assessment was bilingual and we tracked the language choices that students made in 
terms of reading the questions and writing their answers, teachers were provided 
with another concrete way to see that emergent bilingual students benefi t from the 
opportunity to engage with science in multiple languages where they can choose 
from moment to moment which language best serves their needs. 

 While the vast majority of the emergent bilingual students we work with speak 
Spanish as their home language, and the bilingual resources and spaces we designed 
highlight Spanish and English, we intend for the LISELL-B pedagogical practices 
to be benefi cial to other linguistic minority groups as well. Smaller linguistic groups 
in our schools are typically even more marginalized and have less access to aca-
demic resources in their home languages than do Spanish speakers. Even when 
bilingual materials are not available, students who share a home language can be 
encouraged to use that language as well as English as they work to make and com-
municate meaning about science. When well intentioned teachers insist on English 
only in their science classes, they are unknowingly handicapping emergent bilin-
gual students by removing critical tools for scientifi c sense-making. The bilingual 
experiences that teachers in the LISELL-B project gained through participation in 
the family workshops and in workshops exploring students’ writing helped these 
teachers to better understand both the fl uidity and the utility of emergent 
bilingualism.   

    Discussion of Lessons Learned (Outcomes) 

 As we noted earlier, current science reform documents make the implicit assump-
tion either that students already possess the language skills needed to fully engage 
with disciplinary core ideas and science and engineering practices, or that these 
language skills can be acquired implicitly through the process of participating in 
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robust science learning. Our fi ndings question these assumptions, pointing to the 
need for the language of science to be explicitly taught and practiced as an integral 
part of the process of engaging in science learning. In order to be culturally and 
linguistically responsible science educators, we all need systematic professional 
learning opportunities to think about, plan, and practice ways of teaching and sup-
porting the language of science. Such explicit preparation has been central to the 
LISELL-B project from the outset. As the project continued to expand through mul-
tiple iterations, we have collaborated with teachers, students, family members, and 
additional researchers to modify some aspects of the project (such as the language 
boosters) and to add some new aspects (such as the teachers exploring students’ 
writing workshops). Each of these refi nements has helped us to better understand 
the interplay of science learning and language learning as well as the interplay 
between fi rst language use and second language use for academic purposes. 

 In today’s high stakes teaching and learning contexts, we cannot wait until emer-
gent bilingual learners have acquired an intermediate level of English profi ciency 
before beginning to engage them in challenging, grade appropriate, academic con-
tent. Instead, we must use students’ existing linguistic repertoires, while simultane-
ously helping all students build strength with the language of science, with academic 
English, and with academic language skills in their home language. We have seen 
students draw upon their home language as needed while connecting their emergent 
science knowledge with their everyday experiences both in the United States and 
from their home countries. As we have shown throughout this chapter, the legitima-
tion and support of students’ home language(s) can be empowering for students 
while simultaneously helping teachers get a more accurate sense of what students 
do and don’t know and what they can and can’t communicate. 

 Finally, we note that the LISELL-B project has demonstrated to us the power of 
design-based iterative models of professional learning. With each new iteration of 
the project, we learn from our previous experience and make modifi cations that 
continually improve our pedagogical model and professional learning framework. It 
is also important to point out that the most powerful and useful modifi cations we 
have made were co-designed by researchers and teachers working together to think 
about how best to improve students’ language-rich science learning opportunities. 
Examples of this co-design, such as our work with teachers to LISELLize science 
lessons, can be seen throughout the chapter. As the LISELL-B project continues to 
evolve, experienced teachers, as well as experienced students and families, play 
increasingly important roles in its evolution. Ongoing project iterations include 
expansions into schools with more multilingualism beyond Spanish and English to 
better understand how to support science learning in these contexts, efforts to build 
more systematic sustainability into our model once federal funding ends, and efforts 
to connect the work of the LISELL-B project with related projects, both nationally 
and internationally. Building such networks seems critical if we hope to improve the 
science learning experiences of emergent bilinguals on a large scale and for the long 
term.     
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     Appendix 

     LISELL-B Earth Science Kits Aligned with GA Unit Topics 

      

 Inside the 
earth 

 Rocks & 
minerals 

 Earth’s 
changing 
surface 

 Water in 
earth’s 
processes 

 Weather & 
climate 

 The universe 
& solar 
system 

  LISELL-B 
kits  

  LISELL-B 
kits  

  LISELL-B kits    LISELL-B 
kits  

  LISELL-B kits    LISELL-B 
kits  

 Great fossil 
fi nd 

 Crayon 
rock cycle 

 Modeling 
constructive & 
destructive 
forces 

 Probing the 
ocean fl oor 

 Characteristics 
of air 

 Moon phases 
glasses 
 Shifting 
shadows 

 Earthquake 
resistant 
buildings 

 Bottled water 
& tap water 

 Making & 
using weather 
instruments 

 Expanding 
universe 

 Hot and cold 
water 
interactions 

 Heat absorption 
and wind 
 Atmospheric 
composition 

   Plus general nature of science kits:  
 Technical writing with Zoobs 
 Nature of science cards 
 Hypothesis box 
 Measuring mass, volume, and time 
 Estimation with Gummi Bears 

         References 

    Buxton, C., Allexsaht-Snider, M., Suriel, R., Kayumova, S., & Choi, Y. (2013). Using educative 
assessments to support science teaching for middle school English language learners.  Journal 
of Science Teacher Education, 24 (2), 347–366.  

   Buxton, C., Allexsaht-Snider, M., Aghasaleh, R., Kayumova, S., Kim, S., Choi, Y., & Cohen, A. 
(2014). Potential benefi ts of bilingual constructed responses science assessments for emergent 

C.A. Buxton et al.



233

bilingual learners.  Double Helix, (2) 1 .    http://qudoublehelixjournal.org/index.php/dh/article/
view/31/156      

    Buxton, C., Salinas, A., Mahotiere, M., Lee, O., & Secada, W. G. (2015). Fourth grade English 
learners’ scientifi c reasoning complexity, inquiry practices, and content knowledge in home, 
school, and play contexts.  Teachers College Record, 117 (2), 1–36.  

    Calderón, M., Slavin, R., & Sánchez, M. (2011). Effective instruction for English learners.  The 
Future of Children, 21 (1), 103–127.  

    Coxhead, A. (2000). A new academic word list.  TESOL Quarterly, 34 (2), 213–238.  
    Fang, Z., & Wei, Y. (2010). Improving middle school students’ science literacy through reading 

infusion.  The Journal of Educational Research, 103 (4), 262–273.  
     García, O., & Kleifgen, J. A. (2010).  Educating emergent bilinguals: Policies, programs, and prac-

tices for English language learners . New York, NY: Teachers College Press.  
    García, O., & Wei, L. (2014).  Translanguaging: Language, bilingualism and education . 

Basingstoke, UK: Palgrave.  
   Goldenberg, C. (2008). Teaching English language learners.  American Educator , 8–43.  
    Gunel, M., Hand, B., & Prain, V. (2007). Writing for learning in science: A secondary analysis of 

six studies.  International Journal of Science and Mathematics Education, 5 (4), 615–637.  
     Halliday, M. A. K. (2004).  The language of science . London, UK: Continuum.  
    Harper, C., & Jong, E. (2004). Misconceptions about teaching English‐language learners.  Journal 

of Adolescent & Adult Literacy, 48 (2), 152–162.  
    Iddings, A. C. D., Combs, M. C., & Moll, L. (2012). In the arid zone drying out educational 

resources for English language learners through policy and practice.  Urban Education, 47 (2), 
495–514.  

    Kuhn, D. (2005).  Education for thinking . Cambridge, MA: Harvard University Press.  
    Kuhn, D., Black, J., Keselman, A., & Kaplan, D. (2000). The development of cognitive skills to 

support inquiry learning.  Cognition and Instruction, 18 (4), 495–523.  
    Lead States, N. G. S. S. (2013).  Next generation science standards: For states, by states . 

Washington, DC: The National Academies Press.  
    Lee, O., Quinn, H., & Valdés, G. (2013). Science and language for English language learners in 

relation to next generation science standards and with implications for common core state 
standards for English language arts and mathematics.  Educational Researcher, 42 (4), 
223–233.  

   Linquanti, R., & Hakuta, K. (2012).  How next-generation standards can foster success for 
California’s English learners . West Ed Policy Brief.   http://www.wested.org/online_pubs/
resource1264.pdf      

    Lorch, R. F., Jr., Lorch, E. P., Calderhead, W. J., Dunlap, E. E., Hodell, E. C., & Freer, B. D. (2010). 
Learning the control of variables strategy in higher and lower achieving classrooms: 
Contributions of explicit instruction and experimentation.  Journal of Educational Psychology, 
102 (1), 90.  

     McNeill, K. L., & Krajcik, J. (2011).  Claim, evidence and reasoning: Supporting grade 5–8 stu-
dents in constructing scientifi c explanations . New York, NY: Pearson, Allyn & Bacon.  

    National Research Council. (2009).  Learning science in informal environments: People, places 
and pursuits . Washington, DC: National Academy Press.  

    National Research Council. (2011).  A framework for K-12 science education: Practices, crosscut-
ting themes, and core ideas . Washington, DC: National Academy Press.  

    Parsons, E. C. (2008). Learning contexts, black cultural ethos, and the science achievement of 
African American students in an urban middle school.  Journal of Research in Science Teaching, 
45 (6), 665–683.  

    Penuel, W. R., Fishman, B. J., Cheng, B. H., & Sabelli, N. (2011). Organizing research and devel-
opment at the intersection of learning, implementation, and design.  Educational Researcher, 
40 (7), 331–337.  

12 A Design-Based Model of Teacher Professional Learning in the LISELL-B Project

http://qudoublehelixjournal.org/index.php/dh/article/view/31/156
http://qudoublehelixjournal.org/index.php/dh/article/view/31/156
http://www.wested.org/online_pubs/resource1264.pdf
http://www.wested.org/online_pubs/resource1264.pdf


234

    Pimentel, S., Castro, M., Cook, G., Kibler, A., Lee, O., Pook, D., Stack, L., Valdés, G., & Walqui, 
A. (2012).  Framework for English language profi ciency development standards corresponding 
to the common core state standards and the next generation science standards . Washington, 
DC: CCSSO.  

    Rosebery, A. S., & Warren, B. (Eds.). (2008).  Teaching science to bilingual learners: Building on 
students’ strengths . Arlington, VA: National Science Teachers Association.  

    Schwarz, C. V., Reiser, B. J., Davis, E. A., Kenyon, L., Acher, A., Fortus, D., Shwartz, Y., Hug, B., 
& Krajcik, J. (2009). Developing a learning progression for scientifi c modeling: Making scien-
tifi c modeling accessible and meaningful for learners.  Journal of Research in Science Teaching, 
46 , 632–654.  

    Snow, C. E. (2010). Academic language and the challenge of reading for learning.  Science, 
328 (5977), 450–452.  

    Snow, C. E., Lawrence, J. F., & White, C. (2009). Generating knowledge of academic language 
among urban middle school students.  Journal of Research on Educational Effectiveness, 2 (4), 
325–344.  

    Wortham, S. E. F., Murillo, E. G., Jr., & Hamann, E. T. (Eds.). (2002).  Education in the new Latino 
diaspora: Policy and the politics of identity  (Vol. 2). Oxford, UK: Greenwood.    

C.A. Buxton et al.



235© Springer International Publishing Switzerland 2017 
A.W. Oliveira, M.H. Weinburgh (eds.), Science Teacher Preparation in 
Content-Based Second Language Acquisition, ASTE Series in Science Education, 
DOI 10.1007/978-3-319-43516-9_13

    Chapter 13   
 Science Teachers as Architects: Building 
and Supporting Science-Learning 
Environments with Emergent Bilingual 
Students                     

     Max     Vázquez     Domínguez     ,     Martha     Allexsaht-Snider     , and     Amanda     Latimer    

         Introduction 

 Science teachers play a crucial role in fulfi lling societal goals for a better educated 
and more prepared citizenry (Gordon and DeBard  2014 ); however, they face a range 
of challenges. Among the most common challenges are: policy reforms that narrow 
the curriculum toward what is most easily assessed (David  2011 ); the changes in 
ethnic, linguistic, and socioeconomic demographics in the classroom (United States 
Census Bureau  2014 ); and concerns about how emergent bilingual students 1  per-
form on standardized assessments (National Center for Education Statistics  2014 ). 
In this light, as teacher educators in the Language-rich Inquiry Science with English 
Language Learners through Biotechnology (LISELL-B 2 ) project, we have collabo-
rated closely with 50 middle and high school science teachers and teachers of 
English to speakers of other languages (ESOL) across 10 schools with 4000 stu-
dents over the past 2 years. In this collaboration, Max Vázquez Domínguez, a 
Mexican educator now studying teacher education, Martha Allexsaht-Snider, a 
teacher educator with extensive experience in México and working with Latino/a 
families in the U.S., and Amanda Latimer, an industrial scientist in the area of bio-
technology now studying teacher education, functioned as part of a larger team of 

1   In this chapter, we use the term  emergent bilingual students  to emphasize the positive attribute of 
having a home language that is a resource that can and should be used, maintained, and strength-
ened in school and in science learning contexts. It refers to a range of students, including those who 
are new to English and literate in their home language as well as those who report receptive skills 
in home languages and a language other than English spoken at home but identify themselves as 
lacking literacy and oral skills in that home language. 
2   The work has been supported by the National Science Foundation (award # DRL-1316398). 

        M.  V.   Domínguez      (*) •    M.   Allexsaht-Snider      •    A.   Latimer      
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teacher educators, researchers, and teachers. The team of researchers, science teach-
ers, and ESOL teachers co-constructed science materials and learning environments 
that integrated science and emergent bilingual students’ language and cultural prac-
tices inside and outside school settings. The LISELL-B project’s pedagogical prac-
tices are embedded in fi ve teacher professional learning contexts: (a) A summer 
teacher institute, (b) a student summer academy, (c) ‘grand rounds’ classroom 
observations, (d) bilingual ‘Steps to college through science’ family workshops, and 
(e) teachers’ exploration of students’ writing workshops. In this chapter we will 
discuss how the  Teacher Institute  and the  Student Summer Academy  were designed 
as interactive learning environments for science teachers and their emergent bilin-
gual students and how these two contexts helped teachers meet the challenges of 
preparing their ethnically and linguistically diverse students to reach high levels of 
science learning in classrooms situated in the current demanding policy milieu 
related to standards, assessments, and teacher evaluation.  

    Context 

    Teacher Institute 

 The LISELL-B project included middle schools and high schools where rapidly 
growing populations of emergent bilingual students, mostly of Latino/a descent, 
range from 30 to 50 % of the total school population. In collaboration with two 
school districts, we identifi ed participating schools and then invited science and 
ESOL teachers to participate in the project. Teacher participation in the institute and 
in the student summer academy was voluntary; a total of 29 teachers participated. 
Of these 29 teachers, 24 were women and 27 were white (one was Latina and one 
male teacher was from China). These teachers then participated in the process of 
recruitment of the emergent bilingual students who attended the student summer 
academy. In this way we brought together students and teachers who had worked 
together in classrooms during the previous school year. 

 Teachers in the institute, that included a total of 28 h distributed across 4 days, 
took part daily in fi ve major activities: learning LISELL-B science investigation and 
language practices, collaborative planning for science teaching in the student acad-
emy, refl ection and goal setting, science and engineering laboratory visits, and 
Spanish lessons. 

 For 22 h, teachers from the different schools worked in the teacher institute in 
four teams: Earth Science, middle school Life Science, high school Life Science, 
and Physical Science groups, depending on what they taught in their home school. 
In collaboration with teacher educators and in preparation for the upcoming sum-
mer student academy, teachers designed science investigations that incorporated 
one of the six LISELL-B  language of science investigation practices  (coordinating 
hypothesis, observation and evidence; controlling variables to design a fair test; 
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explaining cause and effect relationships; applying general academic vocabulary in 
context; developing models to construct explanations and test designs; and owning 
the language of science).  

    Student Summer Academy 

 The 8-day student summer academy was planned in conjunction with science teach-
ers, ESOL teachers, and teacher educators during the teacher institute. The emer-
gent bilingual population who attended the academy included 90 emergent Latino/a 
students and 8 Karen (an ethnic group from Myanmar/Burma) students. From a 
total of 98 students (38 high school students and 60 middle school students) who 
attended the student summer academy, 43 were girls (25 from middle school) and 
55 were boys (35 from middle school). An average of 70 students attended the sum-
mer academy each day, spending 4 days on each of two different college campuses, 
which are located 1 h away from each other. As we have noted, students in the sum-
mer academy came from eight schools with large and growing Latino/a populations, 
as well as small numbers of other groups speaking languages other than English. 
Between 70 and 80 % of the total student population in these schools qualifi es for 
free or reduced price lunch, and the National Assessment of Educational Progress 
(NAEP) scores for the participant schools is slightly below the national average. 

 The emergent bilingual students who participated in the student academy 
engaged in fi ve types of activities distributed across 58 h of the academy. These 
activities were: (a) Teacher-directed sessions incorporating LISELL-B science 
investigation and language practices (where students were grouped based on their 
grade level and science interests), (b) problem posing projects, (c) science and engi-
neering laboratory visits, (d) problem posing presentations with families, and (e) a 
soccer tournament (in these other activities students were in mixed groups across 
grade level and school).   

    The Model of Professional Learning 

 The LISELL-B project team developed the professional learning model for the 
teacher institute linked to the student summer academy in recognition of the current 
contexts of the participating schools as well as broader aspects of the changing 
needs of students and teachers, both in U.S. schools and internationally. The general 
characteristics evident in the educational landscape for Latino/a and many other 
immigrant students are: (a) international assessments showing that Latino/a stu-
dents continue to underperform in science (Organisation for Economic Co-operation 
and Development  2013 ); (b) teacher workforce demographics showing that the 
majority of U.S. teachers (almost 77 %) are White, non-Hispanic (U.S. Department 
of Education  2004 ); and (c) research showing that most teachers feel unprepared to 
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address different ethnicities in their classrooms as well as children from low socio-
economic status (Milner and Laughter  2015 ), especially in science classrooms 
where many teachers consider science as culture-free (Lee and Buxton  2011 ). As 
we imagined possibilities for teacher learning, we considered what we had learned 
in our previous LISELL project and current LISELL-B project about how these 
trends were both constraining and opening opportunities for us as teacher educators 
and for the science and ESOL teachers and the emergent bilingual students in the 
schools where they taught (for more details on the program implementation see 
Buxton et al.  2015 ; Buxton et al. ( this volume ); and, “LISELL-B”  2016 ). 

 In this light, we designed the  teacher institute  with two main goals: (1) to support 
teachers in learning how to engage emergent bilingual students in science by bring-
ing language and cultural practices and LISELL-B science investigation practices 
into science learning environments, and (2) to increase and foster teacher experi-
mentation using different teaching practices designed during the teacher institute to 
build learning environments with emergent bilingual students that could be adapted 
into teacher routines and activities in their own science classrooms during the regu-
lar school year. The  student summer academy  was designed to accomplish three 
main goals: (1) to foster teacher-teacher, teacher-student, and teacher educator- 
teacher- student collaboration; (2) to enact, adapt, and adopt the LISELL-B science 
investigation and language practices; and (3) to use the spaces of college campuses 
to construct learning environments that could be transformed into learning territo-
ries building on emergent bilingual students’ language and cultural practices and 
fostering robust science learning 3 . 

 Below, we begin with a description and analysis of the activities during the 
teacher institute followed by explication of the activities of the student summer 
academy. Due to space limitations, we will only include selected samples of the 
resources used during the institute and the academy, as well as samples of the teach-
ers’ and students’ work. Both the teacher institute and the student summer academy 
can be conceptualized using an architectural metaphor incorporating learning envi-
ronments that involved both  material  and  expressive  components (De Landa  2006 ). 
For De Landa ( 2006 ,  2010 ), material components are the physical elements (e.g., 
bodies, science equipment, soccer balls) and expressive components are both the 
linguistic (i.e., language and symbols) and nonlinguistic elements (e.g., gestures, 
postures) in an environment. We used this architectural framework to consider what 
Didakis and Phillips ( 2013 ) (following Heidegger) have described as the difference 
between a house (which is inhabited) and a home (which is dwelt in), in conceptual-
izing the design of teacher and student learning contexts in the LISELL-B project. 
According to Heidegger, for a house to become a ‘home,’ it needs to go through a 

3   We use the term  space  to refer only to a physical setting; we use the terms  environment ,  context , 
and  territory  to refer to the combination of a physical setting and the corresponding social ele-
ments (e.g., interactions between people, institutions, and larger social organizations). We further 
differentiate between territory and environment or context by claiming that the creation of a terri-
tory requires a different (and more intentional) relation between the space and the social settings 
than is the case for a context or environment. 
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process of additive interactions that serve to build an experience between the indi-
vidual and the space until the architectural space “becomes an extension of the 
inhabitant, absorbing preferences, customs and rituals” (Didakis and Phillips  2013 , 
p. 308). We found this metaphor useful in conceptualizing our work in that we 
actively encouraged the consideration and incorporation of emergent bilingual stu-
dents’ language and cultural practices in both the teacher institute and summer 
academy contexts, seeking to foster a sense of teachers and students together dwell-
ing in these purposefully constructed and linked environments. 

 The daily interactions that took place in the summer academy on university cam-
puses among the emergent bilingual students, their science and ESOL teachers, and 
teacher educators typically started with an experience that supported the emergent 
bilingual students in contemplating the possibility of dwelling within these spaces 
as future university students. In order to reinforce our goal for the science teachers 
to think about how the emergent bilingual students might dwell in university spaces, 
we constructed learning environments that allowed science teachers and emergent 
bilingual students to explore science learning using the varied spaces around them. 
Thus, we provided teachers and students with the opportunity to turn indoor and 
outdoor spaces, i.e., classrooms, science labs, and soccer fi elds, in these university 
contexts into learning territories. 

 In the following example, we explain how we came to see the conceptual differ-
ence between a learning environment and a learning territory. First, we consider the 
relationship between dwelling and constructing (Heidegger  1975 ) as these concepts 
connect a learning process to a physical space. It is also important to know that a 
space, an environment, or a context becomes a territory only when an individual 
inhabits it  and  adds an expressive component to that space. The function of an 
expressive component is achieved when using and possessing the space so it has a 
signature of the possessor (Bogue  2007 ). In general, expressivity consists of two 
elements, the nonlinguistic part and the linguistic one (De Landa  2006 ; Deleuze and 
Guattari  1987 ). In the case of science learning environments, these aspects of 
expressivity can take the form of meaningful written and oral communication such 
as reporting observational data, stating hypotheses, and explaining cause and effect 
relationships (linguistic elements); as well as in the creation of charts, diagrams, 
sketches, or models (nonlinguistic elements) to support scientifi c thinking and 
meaning-making. 

 To better support science learning and communicating in the student academy, 
we (both teacher educators and science teachers) also needed to consider the mate-
rial component of how we worked with emergent bilingual students in the university 
classroom settings. Material and expressive components come in mixtures and are 
always embedded in processes (De Landa  2006 ). For example, a written science lab 
report, when linked to a science investigation, includes both expressive and material 
elements. We wished to question and explore how expressive components were 
refl ected in the learning spaces of the LISELL-B student academy. 

 To continue with the example of a written science lab report, common in most 
science classroom settings, students are typically asked to respond to a previous 
activity they have completed by explaining their ideas or fi ndings. In our classroom 
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observations of LISELL-B teachers during the regular school year, we have typi-
cally seen teachers explain what needs to be included in the lab report to the whole 
class, then have students work individually or in pairs doing their written lab reports, 
and then either (a) the teacher gathers the reports to grade them, or (b) asks the stu-
dents for answers to compare with the rest of the class. We wish to distinguish 
between viewing a written report as part of a learning environment, and viewing this 
activity as part of a learning territory in which students learn to express, construct, 
and dwell within the science classroom. In the fi rst case, where the science teacher 
gathers the lab reports to grade them later, the student’s expressive understanding of 
the lesson is not maintained in relation to the space around her, but has been shifted 
to a different relation in which the teacher now has a primary role and the space has 
a secondary role in regard to the student’s learning process. In the second scenario, 
where the students compare their work with their peers, the social interaction is an 
additional linguistic element of support for students’ learning process; however, the 
process still does not support students  dwelling  in the science learning space. For 
some students these learning practices are enough to support scientifi c meaning 
making, but for other students creating an additional relationship to the space might 
be necessary to support science learning. In the student academy, we collaborated 
with teachers to consider what these additional relationships to the learning space 
might entail. 

 In order to improve the science learning process as well as to territorialize the 
learning environments in the institute and academy, we consider how the production 
of artifacts and the use of space may or may not allow emergent bilingual students 
to transform a space into a learning territory, and by extension, provide students 
with suffi cient opportunity to dwell in these spaces. There cannot be a learning ter-
ritory without a learning environment, but there may be a learning environment 
without a learning territory. Purposeful use of the space and creation of ways for 
students to communicate about their work and relate to it can facilitate the construc-
tion of a learning territory, which also depends on the teachers’ promotion of the 
student-space interaction. We argue that by including cultural practices in the learn-
ing process, we can help emergent bilingual students to dwell within their science 
classrooms. For instance, including emergent bilingual students’ home language in 
the written activities and in materials displayed throughout the science classroom 
can help link the students’ learning process to the space and turn it to a learning ter-
ritory by emphasizing the students’ expressivity using language familiar to them. 
When activities that strengthen a learning territory are presented with suffi cient 
frequency, they support students in domesticating the science investigation activi-
ties and the space around them. As Didakis and Phillips ( 2013 ) suggest, domestica-
tion is a cumulative process of interactions between the space and the student that 
builds “meaning, affection and emotion” (p. 308). Science teachers can promote the 
domestication of science classrooms by increasing the space-student interaction 
through science activities using the emergent bilingual students’ cultural resources, 
including home languages. 

 We conceptualized the process of dwelling in these spaces as only possible if the 
inhabitants (teacher and students) domesticated them. We considered that 
 incorporating cultural practices, such as home languages (García and Kleifgen 
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 2010 ) and family and community practices (González et al.  2005 ; Gutiérrez and 
Rogoff  2003 ), that have proven to promote learning with emergent bilingual learn-
ers, could facilitate this process of domestication for LISELL-B participants. The 
cultural practices we incorporated in the LISELL-B project were based on activities 
that our Latino/a students practiced regularly; for example, the use of Spanish lan-
guage and connections to soccer as a communal practice. This theoretical frame-
work that we have described led us to two driving questions:

    1.    What are the lessons learned from utilizing an architectural perspective to make 
sense of science and ESOL teachers’ work in an outside-of-school learning envi-
ronment for emergent bilingual students?   

   2.    How can those lessons be adapted by science and ESOL teacher educators 
designing dynamic learning opportunities for current and future teachers com-
mitted to language-rich science learning for all of their students, including their 
emergent bilingual students?    

      Implementation of the Teacher Institute and Student Summer 
Academy 

 How could we start this process of constructing supportive teacher professional 
learning contexts promoting language-rich science learning environments for mid-
dle school and high school emergent bilinguals? After observing a number of our 
project teachers’ science classrooms in the past 2 years, we found that many teach-
ers are already using, to varying extents, some of the practices needed to build pro-
ductive learning environments for their emergent bilinguals. We have also noticed 
that teachers’ use of these practices often focuses more on the content of the lesson 
than on the students’ cultural practices and strengths. If science is not culture-free, 
as Lee and Buxton ( 2011 ) suggested, then science content along with the science 
standards can be linked to students’ cultural practices. To this end, we begin by 
describing the science investigation practices and resources developed in the teacher 
institute, that were later utilized in the student summer academy, that included the 
emergent bilingual students’ language and cultural practices. Figure  13.1  shows the 
relationship between the activities and goals of the teacher institute and the student 
summer academy in which science teachers and ESOL teachers worked together to 
use the resources and practices necessary to create learning territories.

      Institute for Teachers 

 Daily sessions at the  Institute  provided teachers with opportunities for learning 
about the LISELL-B model for developing the language of scientifi c investigation 
practices and how this model and its practices support national and state science 
standards; Buxton et al. ( this volume ) describe these practices in detail. For our 
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purposes, it is enough to say that these practices help teachers to engage all students, 
and particularly their emergent bilingual students, in developing the process of 
thinking scientifi cally and communicating scientifi c ideas using the language of sci-
ence and taking advantage of students’ home language resources. Teachers also 
learned how their current teaching in the science classroom could be adapted to this 
model to better meet the needs of their students while still addressing curricular 
standards. 

  Working in Spanish     As a fi rst step, teachers took part as students in a science 
investigation activity where directions and explanations were in Spanish with bilin-
gual language supports such as concept cards (explained below), general academic 
vocabulary cards, and talk moves/language frame guides that provided relevant sen-
tence stems to be used orally and in writing to articulate understandings using the 
language of science (illustrated in Fig.  13.3 ). The goal of this activity was to help 
teachers empathize with their emergent bilingual students while considering how to 
balance existing science curriculum requirements with students’ linguistic needs 
and the supports they could make available in their classrooms. The teachers in the 
Institute were asked to write their ideas and answers in Spanish as they collaborated 
with other science and ESOL teachers during the soccer and science investigation 4  

4   These investigations were co-developed with a science teacher who was also the soccer coach at 
one of our participant schools. Most students on the soccer team were emergent bilingual students 
of Latino descent. 

Middle and High
School Science Classrooms

Teacher Institute

Student Summer
Academy

Middle and High School SettingsUniversity Settings

Teachers collaborating in
designing science investigations

Classrooms and 
laboratories

Teachers and students
engaging together, 

implementing practices and
constructing

learning environments

Classrooms 
and laboratories

Teachers and students building
and supporting

learning environments 

  Fig. 13.1    Constructing possibilities of learning territories for emergent bilingual students and 
their teachers       
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titled ‘Explaining cause and effect-Ronaldinho controlling the soccer ball’ science 
investigation as shown in Fig.  13.2 .

    In this activity, teachers read an investigation guide and looked for clues as they 
highlighted the Spanish text that helped them understand and carry out the investi-
gation and record their ideas. Figure  13.2  also shows how a White non-Hispanic 
female science teacher wrote a note on the second column of the table she fi lled out 
as part of the investigation that reads, “It is very important to have word cards 
English/Spanish that are key to students’ understanding,” and “support ability to 
communicate,” as she was fi nishing recording her notes in Spanish about the inves-
tigation. As they experienced learning in a second language, similar to the situation 
in which many emergent bilinguals are placed, teachers recognized the need to use 
cultural practices such as home languages in their classrooms. They also saw the 
utility of specifi c resources, such as  concept cards  with important concepts written 
in both English and Spanish, explanatory graphics, and carefully crafted student- 
friendly defi nitions, and  general academic vocabulary cards  with non-discipline 

  Fig. 13.2    Teacher’s second page of the soccer with science activity       
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specifi c academic vocabulary, to support their emergent bilingual students in their 
learning process. These cards are just two of the scaffolding resources within the 
LISELL-B science investigation kits (see Buxton et al.  this volume ) that also include 
language booster texts, lab materials, scaffolded science investigation guides, role 
cards, and talk move/language frame guides. 

  Collaborative Planning     In the second type of session in the teacher institute,  the 
collaborative planning for science teaching in the student academy , science teach-
ers from different schools who taught the same grade level and ESOL teachers 
gathered together to brainstorm ideas about adapting their current practices and 
lesson plans and constructing new ones using the LISELL-B pedagogical model. 
This exercise helped teachers to incorporate the LISELL-B language of science 
investigation practices into their planning, and to share their experiences working 
with emergent bilingual students in the science classroom while considering stu-
dents’ academic strengths, cultural and language practices as resources, and chal-
lenges. During the institute, teachers co-designed science investigation activities 
planned for the student academy using classroom resources such as posters that 
described language frames for communicating their scientifi c ideas through the six 
LISELL-B language of science investigation practices (coordinating hypothesis, 
observations, and evidence; controlling variables to design a fair test; explaining 
cause and effect relationships; owning the language of science; using models to 
construct explanations and test designs; see Fig.  13.3  for examples). Two additional 
posters were designed to highlight classroom norms for supporting a culture of sci-
ence investigation and talk moves for promoting productive science discourse.

     Refl ection     The third activity in the teacher institute,  refl ection and goal setting , 
provided opportunities for teachers to think about the knowledge, practices, and 

  Fig. 13.3    Example of language frames posters in both English and Spanish       
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resources they were learning about; and then consider how these could be included 
in spaces such as the student summer academy and their regular science classrooms. 
Through this refl ective process, the teachers were coming to see that the science 
learning spaces that they control can evolve into learning territories if they become 
an extension of their emergent bilingual students’ learning processes, that is, if the 
classroom captures the affectivity, emotions, and interests of the students who 
inhabit it (Didakis and Phillips  2013 ).  

  Visits     The  science and engineering laboratory visits , the fourth activity in the 
teacher institute, supported the teachers in thinking about the connections among 
the LISELL-B pedagogical model, the middle and high school science curriculum, 
their emergent bilingual students’ pursuit of college and career pathways, and the 
student summer academy. These teacher laboratory visits also provided previews 
for the laboratory visits that the students in the summer academy would participate 
in; the specifi c goals for the student lab visits are described in the next section 
regarding the Student Summer Academy.  

  Using L2     The fi fth activity in the teacher institute, daily  Spanish language lessons , 
functioned as a language support and as an informal bonding experience for both 
the science teachers and the ESOL teachers. Here, teachers, according to their per-
sonal experience and needs, learned basic Spanish words and phrases with the goal 
of communicating with and building stronger relationships with their emergent 
bilingual students and their students’ families. LISELL-B teachers and teacher edu-
cators, drawing on experiences in the Summer Academy with small numbers of 
students speaking home languages other than Spanish (such as the Karen language) 
are considering ways to adapt project materials and practices to support emergent 
bilingual students in multilingual and multiethnic settings. 5   

 The activities of the teacher institute were co-designed and put into practice by a 
group of teacher educators and teachers who emphasized collaboration and group 
work. Not only did this collaboration between science and ESOL teachers and 
teacher educators enhance the richness of each activity by incorporating different 
perspectives, but it was also an opportunity to share and learn from each other’s 
experiences working with emergent bilingual students as lessons were collabora-
tively planned. As a consequence, the design of the student summer academy was 
based on enriching science content knowledge, supporting curricular requirements, 
and validating emergent bilingual students’ linguistic and cultural practices 
 connected to the local context, at the same time as it incorporated the LISELL-B 
pedagogical practices. The student summer academy offered teachers a more fl exi-
ble space to try new activities and approaches when compared to that of their regu-
lar school year science classrooms.  

5   Recent research about teaching science with Karen refugee group (Harper  2015 ) is serving as a 
resource. 
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    Student Academy 

 After the teacher institute fi nished, the  student academy  took place in the same 
university facilities where teachers implemented science investigation activities 
based on the LISELL-B pedagogical framework using bilingual resources, physical 
objects, and the indoor and outdoor spaces. The academy provided teachers with an 
interactive professional learning context, and at the same time engaged students in 
language-rich science learning environments. 

  Investigations     In the student academy, one central activity was the  teacher- 
directed science investigation sessions , designed to put into practice the language of 
science investigations that the teachers planned during the teacher institute. An 
additional purpose was to evaluate the materials, directions, resources, and proce-
dures they had developed so they could be further modifi ed for classroom use. Many 
of these activities were developed into science investigation kits for teachers to 
check out and use in their own classrooms during the school year.  

  Problem Posing     In the  problem posing project activity , each student brainstormed 
three possible research/problem interests and posted them on the board (see Fig. 
 13.4 ). After collecting and categorizing all the research/problem interests, students 
chose one to work on with one or two other students during the summer academy. 
Students worked collaboratively, with support from teachers and mentors and using 
the LISELL-B language of science investigation practices, to set guiding questions, 
search for information about possible relevant causes and effects and variables, 
elaborate on fi ndings, and construct presentations to share with families.

     Visits     The goal of the  science and engineering laboratory visits  was to increase the 
emergent bilingual students’ perspectives on science and engineering practices and 
professions as they participated in guided visits to different university laboratory 
facilities. These visits also helped students and teachers to connect current science 

  Fig. 13.4    Students’ problem posing project ideas       
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research with science learning taking place in the summer academy. The group 
visited research labs in the departments of kinesiology, public health, and animal 
sciences; the college of engineering; and a microbiology research center.  

  Community Building 1     After lunch, students went to the athletic fi elds to play 
soccer for 40 min a day. Latino/a and Karen students and boys and girls played soc-
cer in mixed teams and some of them played soccer matches, while others just 
kicked the ball around the fi eld. On the fi nal day of the student academy we had  a 
soccer tournament  in which students, teachers, and teacher educators participated. 
The ambiance in the tournament, incorporating an important informal cultural prac-
tice for local Latino/a and other immigrant communities, further encouraged the 
bonding process between teachers and students in the student summer academy.  

  Community Building 2     At the end of each week, students had the chance to  pres-
ent their problem posing projects to their families  before a shared dinner with teach-
ers, students and families. In university classrooms, students used the language of 
science as they explained to the assembled families, peers, and teachers their 
research/problem topic of interest, relevant causes and effects and variables they 
had identifi ed, and ideas about next steps in their inquiry.   

    Teacher Experience of Building Science Environments 
for Emergent Bilingual Students 

 A learning territory is in the process of construction when participants take active 
part in and collaboratively build the activities that occur in a particular space. As 
Heidegger ( 1975 ) suggests, we can dwell in these spaces only when we construct 
them and when we domesticate them. This architectural perspective allowed us, as 
teachers and teacher educators, to identify, conceptualize, and enact the processes 
incorporating material and expressive elements that became relevant for construct-
ing learning territories where science and ESOL teachers supported emergent bilin-
gual students in learning language-rich science investigation practices. This 
architectural perspective emphasizes the role of the physical space in which the 
learning occurs. Put simply, the location is a necessity because no learning happens 
without being situated in a location. However, the relation we have with a location 
depends on whether we engage it as a learning resource or as something distinct 
from or extraneous to the learning process. 

 During the teacher institute and the student summer academy, three important 
processes were emphasized that supported the creation of learning territories. The 
fi rst process was the importance of including students’ home language as a resource 
for their learning, to which one science teacher refl ected,

  I think that the LISELL[-B] program brings that ELL perspective that I am not familiar 
with. I didn’t grow up, I didn’t move to any state, I didn’t move anyways… or I don’t know 
anybody and I’ve never been to an area where they don’t speak my language. […] So I’ve 
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never been in a situation where I cannot bridge a way of communicating and I think this 
program really brings this perspective that allows me to see how to bridge that gap and what 
strategies I can use to help those students, that are ELL students, to feel more comfortable 
in the classroom. 

 The second process in the teacher institute that was important for creating learning 
territories emphasized the use of science inquiry along with the structure of the 
LISELL-B pedagogical model to design science investigations for teachers’ own 
classrooms, to which one of our teacher participant shared,

  I think the [LISELL-B] practices are really great because they provide that inquiry-based 
learning to the kids… As a teacher, to highlight those practices within the units has been 
very helpful, so I know that when I do a lab that has variables, and then I make sure to 
highlight those practices, which are now incorporated throughout our lessons. Cause and 
effect is a topic that I am now more intentional when I use those words, so being through 
this program has allowed me to think more about my planning and how I am going to phrase 
the lesson and use the wording in the lesson, make sure I highlight, for example, the cause 
and the effect nicely, because sometimes they get those two switched easily. 

 The third process we stressed in the institute for creating learning territories was the 
use of the particular learning space as a key element to the learning process, espe-
cially for the emergent bilingual students, with the purpose of supporting students 
in domesticating the space they inhabit. In this light, another teacher shared that, 
“the communication component is the most important for me. The sentence starters 
that you showed in the posters are very useful for me. I think I can use them in my 
classroom.” Another example is the general academic vocabulary and concept cards 
as mentioned by the science teacher in Fig.  13.2 . This shows teachers thinking about 
how to prepare the classroom learning space to be ready to interact with and be used 
by students, but this material element has to be systematically included and utilized 
in the activities in the class so that students domesticate their use and the location 
where the material elements are being provided. Another science teacher added,

  I think that participating in the LISELL-B project has helped with pushing a focus on the 
vocabulary that it didn’t necessarily happen before, so, understanding the importance of 
breaking down vocabulary into the root words, showing students how to interpret phrases 
or modeling that, using the Spanish-English interpretations, and focusing on particular 
vocabulary words instead of the majority of it, because in science we have a very large 
vocabulary to be able to focus on maybe six of the most [important], I think it has really 
encouraged me in my classroom to take those tools and skills and make sure that I am 
always thinking with my ESOL hat on or think about my ELLs that I don’t necessarily… I 
didn’t have that on before I entered into this program. 

   With these three processes, science and ESOL teachers had the chance to col-
laborate in learning, designing, and enacting the LISELL-B language of science 
investigation practices with other middle and high school teachers and teacher edu-
cators and to plan for integrating those practices into their own classrooms. When 
teachers design and put into practice the different elements of the LISELL-B peda-
gogical model, they go through a similar process to that of the students when they 
build a learning environment, one that will allow them to support all students and 
especially emergent bilingual students in their learning process, a necessary step to 
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building a learning territory. As one teacher mentioned, “So what we are doing is 
translating this very dense language not just only for newcomers but for everybody. 
And to me all the LISELL-B [activities] are very sound educational practices for all, 
regardless of the language ability. It is good teaching,” and he continued, “It’s just 
like the soccer activity in Spanish… I get that now.”   

    Results and Implications 

 Our research with the professional learning components of the LISELL-B project 
confi rms and expands the assertion that educators committed to equity for all stu-
dents do not and cannot work in isolation (Allexsaht-Snider and Hart  2001 ). It also 
shows that science teachers can play a critical role in designing and implementing 
the use of science investigation activities, group work, bilingual materials, and 
resources for supporting their emergent bilingual students. This approach serves to 
structure the classroom setting to promote science thinking, the use of the language 
of science in communication about science learning through investigations, and sci-
ence collaboration with peers. For instance, the group of students working on the 
political confl ict topic wrote that, “The cause is people that are open minded and 
kind and understanding” and as the “effect is there will be more peace and less 
political confl ict.” the group of students researching about the relation between 
exercise and learning, after visiting a kinesiology exercise research lab and consid-
ering variables related to their investigation, wrote that, “it is benefi cial because 
when you exercise your brain gets healthier and so does your body;” another student 
wrote that, “it’s good because people that are fi t have good brains and have a lot of 
energy.” In an investigation coordinating hypothesis, observation, and evidence and 
using indicators to test for the presence of macromolecules in food from many res-
taurants and fast food places where students work and eat, a student answered that,

  My hypothesis is the victim’s last meal was at Waffl e House. I use results indicators to test 
[for] the presence of Lipids, proteins, and carbohydrates. Indicator’s test for starches and 
lipids are positive. Indicator’s test for sugar, glucose, and protein are negative. The victim’s 
last meal was at Waffl e House because of the presence of starches and lipids. The evidence 
supports my hypothesis. 

   Refl ecting on student writing such as excerpted above, science teachers saw the 
utility of the LISELL-B pedagogical model with their emergent bilingual students 
in the summer academy, viewing the model as aiding them in building a bridge that 
would also provide continuity in applying the practices in their classrooms during 
the upcoming school year. For instance, a 6th grade earth science teacher shared 
that,

  I think these investigations are really benefi cial for these students because they have to be 
engaged and do things in the classroom […] so we are constantly taking what we learned 
and using these investigation practices in our classroom, whether it is the language boost-
ers, or practices like cause and effect and the variables-practices that we put together within 
the activities that we do in the classrooms. 
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 Moreover, this model helped both the emergent bilingual students and the science 
teachers to connect their science knowledge, interests, and practices to the labora-
tory visits and industrial practices in science. In regard to how teachers think about 
connecting and enacting these practices in higher education institutions where the 
student academy took place, one participant noted,

  We are seeing them [the emergent bilingual student population] staying and hanging on 
because they know that, one, they are intelligent, and two, they see their peers going to col-
lege. This program we all are involved in, it is one of the best things that shows them that 
there are many colleges and I think these kids realize that there are more opportunities 
available to them and there is a lot of opportunities in science, technology. And a lot of our 
kids are good at, I mean, we do a lot of labs and a lot of our ELLs are really good at doing 
things, making things… nonverbal communication. And I think as they learn the language 
of science they realize that, man, I am good at this, I can do this, I can make a living in this. 
I think that opens up more opportunities. 

 In order to understand and work toward change in the current educational land-
scape, the use of an architectural perspective can provide the tools for science teach-
ers who are looking to balance their students’ educational needs with curricular 
demands by strengthening connections between secondary and postsecondary edu-
cational institutions and other resources in the community. 

 When emergent bilingual students have purposeful experiences that involve vis-
iting a higher education setting such as a university or a science or engineering labo-
ratory under the guidance of science teachers and university educators, they can 
make meaningful connections between the content and science investigation prac-
tices explored in class to the practices they observe in the laboratories. We recom-
mend that science teachers continue to build stronger connections to post-secondary 
institutions and organize purposeful visits for all their students, but in particular for 
their immigrant and emergent bilingual students, to higher education settings and 
laboratories. An architectural perspective highlights how such experiences benefi t 
science teachers by supporting the propagation of inclusive science learning envi-
ronments for all students, while also offering a richer experience to continue learn-
ing about industrial and other career sectors where employees with STEM expertise 
are in demand. 

 When science teachers actively participate in programs where they bring and use 
their knowledge, ideas, and experience to design and implement new educational 
practices in dynamic, interactive spaces, the chances of teachers adopting and adapt-
ing these practices in their school classrooms increase. This fi nding is supported by 
the current high demand for the LISELL-B science investigation kits in the school 
classrooms. At the same time, when emergent bilingual students experience these 
science practices using their language and cultural practices as learning supports, 
the chances of students incorporating new knowledge also increase. The purposeful 
university and laboratory visits also reinforce the possibilities of students dwelling 
in these higher education spaces while linking science learning to career practices. 
That is, the purposeful visits link an idea, an experience, and a practice to a space 
where students see those experiences and practices being used and valued. 
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 Challenges still exist in creating and sustaining initiatives that support science 
teachers in better meeting the needs of emergent bilingual students. These chal-
lenges include: coherent integration of out-of-school experiences with the regular 
science classroom settings; collaborating in the implementation and elaboration of 
science investigation kits for classroom use; engaging and supporting families in 
science learning and college preparation; connecting middle and high school sci-
ence education to college and science careers; and promoting the use of both English 
and Spanish to support powerful science learning for emergent bilingual students 
who speak Spanish. More research and development work is needed, in a wide 
range of contexts across the United States and in other countries educating multilin-
gual populations. We hope that what we have learned along with the teachers and 
students in the LISELL-B project can help others to construct viable and sustainable 
models for supporting current and future science teachers towards these goals.     
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    Chapter 14   
 An Alternative Approach to Educating 
Secondary Science and Mathematics Teachers: 
Meeting the Needs of Culturally 
and Linguistically Diverse Youth                     

     Cecilia     M.     Hernandez     ,     Jamie     S.     Baker     ,     Christine     M.     Reyes     , 
and     Lida     J.     Uribe-Flórez    

         Introduction 

 Despite efforts of the education community to attract and retain high quality sec-
ondary Science, Technology, Engineering, and Mathematics (STEM) teachers 
nationwide, there is still a teacher shortage; particularly in culturally, linguistically, 
and economically diverse communities. The U.S. Department of Education, Offi ce 
of Innovation and Improvement ( 2004 ) revealed that rural school districts face seri-
ous issues related to the recruitment and retention of new and experienced teachers. 
In light of more rigorous standards, a beginning teacher must possess the content 
knowledge, pedagogical skills, and dispositions for teaching in high-need schools. 
However many states are falling short of providing adequate teachers due to increas-
ing student enrollment, retirement, attrition of novice educators, and low production 
of secondary STEM graduates from traditional teacher preparation programs. In 
response, many states and institutions of higher education have partnered to create 
alternative routes to certifi cation. Over time “alternative” has acquired a number of 
connotations to mean sub-standard support for individuals teaching on waiver to 
highly structured and well-designed programs. This chapter seeks to identify how 
one high-quality sponsored program,  Aggie Prep , develops practicing secondary 
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science and mathematics alternative certifi cation candidates’ understanding of rela-
tionships between standards-based conceptual mastery and culturally responsive 
pedagogy that meet the needs of diverse youth. Using a standards-based approach, 
we present literature on language acquisition in the content areas (science and math-
ematics), describe the teacher preparation model, and highlight effective profes-
sional development experiences supported by best practice that address the need to 
(1) make science and language learning accessible; (2) elevate content rigor; and (3) 
build collaborative learning environments with attention to integrated content, lan-
guage and literacy practices. We sought to accomplish all of these goals using active 
science and mathematics activities that provided opportunities to gain language pro-
fi ciency and construct knowledge in the content area. 

    Standards-Based Professional Development Approach 

 “In order to improve the educational outcomes of culturally and linguistically 
diverse students in general, research indicates that reform is needed in teacher edu-
cation to more adequately prepare teachers to meet the needs of  all  students” 
(Hernandez et al.  2013 , p. 803). In order to address this issue from a science educa-
tion perspective, work to create a new framework for K-12 science education began 
with a focus on three key dimensions:

    1.    Scientifi c and engineering practices;   
   2.    Crosscutting concepts that unify the study of science and engineering through 

their common application across fi elds; and   
   3.    Core ideas in four disciplinary areas: physical sciences; life sciences; earth and 

space sciences; and engineering, technology, and applications of science 
(NRC  2012 , p. 2).    

  The framework aided the development of a new set of science standards released 
in 2013, the Next Generation Science Standards (NGSS  2013 ) based on identifi ed 
understandings of teaching and learning, particularly in science education. In their 
report for the Offi ce of Science Education National Institute of Health, Bybee et al. 
( 2006 ) focused on the statement that, “The sustained use of an effective, research- 
based instructional model can help students learn fundamental concepts in science 
and other domains” (p. 1). The report described the importance of teaching science 
through the use of instructional models that makes connections for students and 
illustrates, “learning results from an interaction between what information is 
encountered and how the student processes that information based on perceived 
notions and extant personal knowledge” (p. 15). For linguistically diverse students, 
these standards value the opportunity to merge the context of science, mathematics, 
and funds of knowledge (González et al.  2005 ) youth bring to the classroom into 
cohesive learning experiences. 
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 Prior to the changes in science education curriculum, the Common Core State 
Standards (CCSS  2010 ) were introduced and implemented in the majority of states 
across the country. By the end of 2012, 46 states, three U.S. Territories and the 
District of Columbia voluntarily adopted the CCSS. The English language arts read-
ing and writing standards for literacy in science and technical subjects require stu-
dents to have regular practice with complex texts and their academic language; 
reading, writing, and speaking grounded in evidence from texts, both literary and 
informational; and building knowledge through content-rich nonfi ction ( 2010 ). In 
order to meet the demand of the literacy standards anchored in a focus on career and 
college readiness, students in science must engage with technical and non-technical 
text, summarize complex concepts and processes, and cite textual evidence from a 
range of sources to support analysis and fi ndings. Even though several states have 
withdrawn their support amid the political controversy surrounding the standards, 
the key shifts initially called for by CCSS resonate nationwide and argue that sub-
ject matter content is an authentic context for learning language and increasing con-
tent rigor. Coupled with the “prominent focus of NGSS on productive language use 
via the identifi cation of language-intensive science and engineering practices has 
opened up new possibilities for all science teachers to consider the role of language 
in science and engineering instruction” (Tolbert et al.  2014 , p. 68). Secondary sci-
ence and mathematics teachers who traditionally identify themselves as teachers of 
content, rather than teachers of language, often need support re-conceptualizing 
their role in fostering a content, language, and literacy-rich environment. Valdés 
et al. ( 2014 ) add that the era of new standards specifi cally pose two key challenges 
in the expertise of ESL teachers: (1) language practices required by the new stan-
dards and (2) inclusion of ELLs in standards-aligned instruction. 

 Similarly, Second Language Acquisition (SLA) literature indicates there are fun-
damental stages in acquiring both the fi rst and second language. Cummins ( 1979 ) 
proposed that the fi rst and second languages are interdependent on a cognitive level, 
in what he refers to as the Common Underlying Profi ciency (CUP). As a student 
develops a second language, his/her knowledge of a fi rst language in phonology, 
morphology, semantics, syntax and pragmatics are used to transfer to the new lan-
guage. Krashen ( 1982 ) developed fi ve hypotheses regarding SLA, suggesting there 
is a natural order for the progression of language development. It is a predictable 
sequence in which learners progress from listening to speaking and then to reading 
and writing in the new language. This complex process occurs over time and is 
aided by direct language instruction in a context rich environment that includes 
content rigor. The Center for Research on Educational Diversity and Excellence 
(CREDE  2015 ), established by the US Department of Education, suggests fi ve stan-
dards for effective pedagogy and learning within a grounded sociocultural frame-
work that is language rich, contextualized and content specifi c at all grade levels for 
culturally and linguistically diverse learners. These standards of practice value 
content rigor and support principles of effective pedagogy incorporated in 
 Aggie Prep .   
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    Teacher Preparation Model –  Aggie Prep  

 Recruiting individuals with strong backgrounds in science and mathematics has the 
potential to bring rich personal and professional experience to the secondary class-
room. Chambers ( 2002 ) found career changers to be more cognizant of diversity 
and more likely to adopt methodologies that were more student-centered and helped 
to make connections between content in the classroom and the outside world. These 
individuals tend to carry a belief that they can impact students’ aspirations to pursue 
careers in science. However, they also feel challenged to reach lower-achieving stu-
dents who demonstrate little interest in science and mathematics. For this reason, 
the program chose a competitive portfolio and interview application process to 
identify individuals with dispositions and skills the model could support in terms of 
serving students’ needs in the fi eld as well as the process of forming a teaching 
identity. The ideal participants are those with strong content backgrounds, a desire 
to serve in diverse communities, and basic profi ciency in online learning environ-
ments. Initially the program sought to select up to 15 science and mathematics 
teachers however, after the selection process was completed we selected seven 
teachers (four science and three mathematics teachers) who met the selection crite-
ria. Once members of a cohort are identifi ed, they participate in a range of collab-
orative experiences that prepare them to be responsive to the unique language and 
cultural diversity of the southwest border communities. In this document, we are 
sharing our experiences with this fi rst cohort. 

    Teacher Preparation Program Features 

 Since participants work in rural communities with many language learners, it was 
imperative to design the program to support novice teachers with understanding 
language acquisition through their content area instruction. Several key program-
matic features defi ne  Aggie Prep  (Fig.  14.1 ). Like other alternative pathways, par-
ticipants work as the full time teacher of record while completing the 12-month 
program that leads to initial teacher certifi cation.  Aggie Prep  expands pedagogical 
content knowledge through an online learning environment that supports peer and 
faculty collaboration. Each competitively selected participant is matched with a 
master teacher for site-based mentorship and co-teaching experiences. They are also 
provided monthly professional development and fi eld coaching by a highly quali-
fi ed university clinical educator (CE). The program faculty made fi eld visits to 
observe the participant, model best practices and support culturally responsive ped-
agogy (Rychly and Graves  2012 ). The refl ective capacity of each participant to 
engage students through data-driven instruction is developed by regularly required 
videotaping and analysis of classroom instructional practices. The support for each 
member of the cohort continues in the form of fi eld coaching and expanded profes-
sional development in his/her second year of teaching. Lastly, upon successful 
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completion of  Aggie Prep , participants with a 3.0 GPA or higher are eligible to take 
an additional fi fteen credits of coursework at the university toward earning a mas-
ter’s degree in curriculum and instruction.

       Program Implementation 

  Program Overview     As faculty of a nationally accredited NCATE/CAEP teacher 
education institution, we understand the value of utilizing frameworks and stan-
dards that guide program development that are responsive to the local needs of our 
community and globally competitive. Throughout each  Aggie Prep  candidate’s pro-
gram of study (admission to completion), growth and progress is monitored through 
a systematic and ongoing performance assessment process that includes, but is not 
limited to: key assignments, observation of teaching in the fi eld with feedback, 
mentor teacher assessment of fi eld performance, self-refl ection, and licensure 
exams. In the Content Rigor section below, we provide a description of some of the 
key assignments used to evaluate course completion. University faculty, clinical 
educators, and building mentors all use a departmental observation form to ensure 
all candidates meet expectations, and a debriefi ng session takes place after each 
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  Fig. 14.1    Aggie Prep program key features       
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observation. Our courses, curriculum, observations, and assessment instruments are 
aligned with the InTASC Model Core Teaching Standards ( 2013 ), New Mexico 
Secondary Entry-Level Teacher Competencies, and New Mexico Teacher Evaluation 
criteria.  

 Participants in the cohort are content experts, however, none of them had experi-
ence teaching in a public school environment prior to beginning their fi rst year in 
the alternative licensure program. The program includes online courses and profes-
sional development opportunities that integrate pedagogical content rigor and col-
laboration between science and mathematics education faculty. Participants are 
required to enroll in six three-credit courses over the span of two semesters and one 
summer session (Appendix  A ). In addition to coursework, the program includes two 
face-to-face professional development sessions led by  Aggie Prep  faculty and atten-
dance at a state STEM conference. It was important for the initial professional 
development session to include face-to-face interactions that established clear 
expectations and a sense of community since participants were selected from dis-
tricts across the state. 

 The online coursework in  Aggie Prep  is not viewed separately from site-based 
mentoring, fi eld observation and coaching. Rather, the program faculty, clinical 
educators, and mentors communicate monthly through conference calls to evaluate 
the progress of the participants and discuss their needs. The faculty responded to the 
feedback by adjusting the schedule of topics (Appendix  B ) for the weekly interac-
tions via our university’s course management system (Canvas™) to address specifi c 
classroom interactions that were of immediate concern. Figure  14.2  presents the 
course homepage, where participants have access to information about the course, 
syllabus, and grading. The timeliness of communication created opportunities for 
the  Aggie Prep  faculty to collaborate, design, implement and model active learning 
inquiry based lessons in the participants’ classrooms during site visits.

    Build Collaborative Learning Environments     In order to build a collaborative 
learning environment, all courses in  Aggie Prep  are designed with the unique con-
text of the participants in mind. For example, the STEM methods course was co- 
taught combining teaching strategies for Science and Mathematics classrooms. 
Through the use of our Canvas courses students have access to the discussion 
boards, announcements, key assignments, document fi les and modules that indicate 
the course activities for each week (Fig.  14.2 ). The Methods course was organized 
using modules (Fig.  14.3 ), which includes readings, discussion board, and assign-
ments. The science and mathematics methods instructors met over the course of a 
semester before the program began to align their syllabi. The instructors grew pro-
fessionally and learned throughout the course design and implementation process. 
They combined best practices from their areas of expertise to create a progression 
of experiences that would support better understanding of the content and how to 
choose appropriate instructional activities to engage all learners. This was an impor-
tant component considering participants were all teaching in bilingual/bicultural 
communities in the Southwest.
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    Our goals for the course emphasized both theory and practice. Throughout the 
semester we sought to help deepen the participants’ understanding of secondary sci-
ence and mathematics curriculum. We also wanted to assist our participants’ in 
expanding their knowledge about how students develop understanding of the con-
tent and what methods of teaching best support diverse students’ learning processes. 
Each week, participants had specifi c readings, assignments, and ongoing discus-
sions to complete via the course management system (Fig.  14.3 ). We wanted to 
create a virtual collaborative learning environment so all students were required to 
interact with their peers for each weekly discussion. For example, one of the discus-
sion prompts stated:

  For this discussion, we would like to include your understanding and concerns regarding 
the Common Core State Standards for Mathematics (for mathematical practices and con-
tent) as well as the NM State Science Standards. Remember to post your comments by noon 
on Sunday, and reply and/or comment on at least two of your classmates’ responses by 
Sunday evening. 

   In addition to the weekly discussion topics, all participants were required to 
“meet” synchronously online as a cohort once a week. These synchronous meetings 
were facilitated through the university’s course management system which through 
Adobe Connect ™. Each participant was able to interact with their instructors and 

  Fig. 14.2    Course management homepage       
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colleagues in real time to ask questions and get advice on how to implement the 
different methods introduced throughout the course. The main idea of the weekly 
meetings was to foster the community building and refl ection process within the 
online environment (Duemer et al.  2002 ). Ultimately each participant could regu-
larly utilize the expertise of the co-instructors and their peers to refl ect and build 
competencies necessary for student success. 

  Elevate Content Rigor     One feature of the course was to instruct participants in 
writing and delivering lesson plans based on the 5E Model (Bybee et al.  2006 ). This 
model is based on several learning cycle models that emphasize a hands-on, inquiry- 
based approach to learning science, and is a structure that can be used in planning 
active learning mathematics activities (pp. 4–10). Additionally, participants were 
introduced to the  Secondary Education Template  (Appendix  C ) that was developed 
by the secondary education department, and was structured with diverse students in 
mind. Within the lesson description, the participants use the 5E Model (Bybee et al. 
 2006 ) to address the learning objectives, and the structure to provide scaffolding 
opportunities for language learners and other diverse student needs. Several of the 

  Fig. 14.3    Science and mathematics methods course modules       
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class discussions centered on how to address the needs of the language learners in 
the classroom while maintaining high expectations for science and mathematics 
knowledge construction.  

 In order to assist the beginning teachers in making the content relevant and grade 
level appropriate, we adapted the high cognitive demand mathematics task based on 
Stein et al. ( 2009 ) for STEM areas. The goal of this project was for the participants 
to learn how to evaluate, design, and implement activities that promote high order 
thinking in secondary science/mathematics students. We used the adapted rubric 
from Stein et al. ( 2009 ), to discuss and evaluate tasks created by participants to 
ensure high cognitive demand was present. Each participant was to select an ELL or 
bilingual secondary school student in a science/mathematics classroom who was 
not a relative or friend. They were asked to meet with this student three times during 
the semester and focus on working on science/mathematics tasks they designed. 
The goal for each activity they designed was to elicit high order thinking in the 
content area. The three meetings were required so that participants could evaluate 
the implementation, and create a new activity for the student that reached a higher 
level of thinking each time they met. The participants were given the opportunity to 
design each task and then discuss it during one of our weekly meetings before 
implementing it with the student. As a learning community, peers and instructors, 
could assist in determining the cognitive demand level, and modify if needed, before 
working with their chosen student. Following each meeting with their student, they 
were asked to refl ect upon the process in order to help them write the next task. 
After all tasks were completed, each participant wrote a refl ection on the whole 
process, which was submitted during fi nals week. 

  Plan with the Needs of Language Learners in Mind     Once participants became 
more familiar with the lesson planning process and how to create active learning 
opportunities, the next step was to teach them how to achieve more depth in plan-
ning and teaching with the needs of language learners in mind. This process sup-
ports what Lee and Buxton ( 2013 ) identify as the types of strategies that effective 
teachers use to communicate ideas using multiple modes of representation. This 
concept was introduced during a face-to-face professional development workshop. 
Participants were placed in a situation of being language learners, so they could 
identify how their students may feel and identify strategies utilized to work with 
language learners. In this case, one of the  Aggie Prep  instructors led a mathematics 
activity fully in Spanish, and modeled strategies suggested in the literature (i.e., 
Cummins and Swain  1986 ; Lesh  1979 ; Uribe-Flórez  2014 ). The main idea was the 
use of multiple representations, context and grouping to support language learners 
in their mathematics learning process. The classroom visits by university faculty, 
clinical educators and building mentors also reinforced these strategies.  

 When teaching science and mathematics content to linguistically diverse stu-
dents it is important to have clear content and language objectives so as to increase 
academic vocabulary development. Increasing vocabulary through the content 
methods adds to a student’s word knowledge. A student’s maximum level of reading 
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comprehension is determined by his or her knowledge of words. Word knowledge 
allows students to comprehend text. In science and mathematics it is important to 
help students understand word development. As many science and mathematics 
content words are from Latin and Greek roots, word meaning can be explicitly 
taught to improve comprehension. Knowing a word means knowing it in all of the 
following dimensions:

•    The ability to defi ne a word (e.g., photosynthesis or sum)  
•   The ability to recognize when to use that word (e.g. mol or cm)  
•   Knowledge of its multiple meanings (e.g., control and table or mode and median)  
•   The ability to decode and spell that word (e.g. metamorphosis or denominator   

Teaching key-words within the content assists students in comprehending texts, 
learning the content in the texts, and increases academic success in formative assess-
ments. Words are taught through direct instruction of word meanings as well as 
through discussions about words (including prefi xes, suffi xes, and roots) – all com-
bined with reading in the content (Beck et al.  2002 ). The  Aggie Prep  participants 
practiced planning for English Language Learners in a Content Area Literacy 
course. For instance, students identifi ed appropriate content-based informational 
text, read with an eye for where students might struggle, and developed targeted 
before, during, and after comprehension and vocabulary strategies to support learn-
ers. Specifi cally, students practiced identifying appropriate text using the article of 
the week strategy (Gallagher  2009 ). 

 Tovani ( 2004 ) suggests, “Accessible text help students make a connection 
between school subjects and the real-world because it helps them experience read-
ing that is done in the real world” (p. 39). It was an aim in the  Aggie Prep  program 
to teach each participant not to limit students’ ability to think about content because 
the textbook is too diffi cult or sparse. Teachers who avoid over-reliance on the text-
book create multiple sources of text at various reading levels, select from a range of 
options based on interest and background, and individualize instruction with more 
small-group work and less large-group lecture (Allington  2011 ). Each participant 
was invited to select an upcoming topic of study and develop a text set that became 
the basis for planning a full unit. Each participant found seven varied examples of 
text (print and non-print) that related to their unit of study. An annotated bibliogra-
phy was written for each text so the beginning teacher could think through how to 
use the text with specifi c reading strategies and anticipate places where learners 
might struggle (see Daniels and Zemelman  2004 ). For instance, one student explored 
text related to Genetics of Inheritance: Alleles, Mutations, GMOs, and evolution. 
While another identifi ed Earth Science related text for a 9th grade Integrated 
Science class. 

 After the text set was complete, the participant created fi ve sequential lesson 
plans connected to the unit that incorporated at least three of the text sources. The 
unit articulated the intention guiding the selection of sequence, structure of infor-
mation, and strategies used to form a cohesive, standards-based learning experience 
for students. The unit plan was presented to the class. The cohort chose to create a 
shared Dropbox™ since many high quality resources were identifi ed in the process 
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of searching for age, level, and content-appropriate text. Several participants worked 
in locations with limited access to technology and materials, so this process helped 
broaden the planning process and available resources beyond the textbook. As the 
fi eld coaches observed some of the lessons in practice, they were able to reinforce 
teaching strategies that cannot fully be addressed through planning alone such as 
speaking slowly and audibly, assisting with one-to-one instruction when appropri-
ate, and using visual cues as much as possible. Participants also fi lmed their teach-
ing, uploaded it to the course management system and refl ected on the effectiveness 
of their instruction.   

    Outcomes 

 As previously detailed, the overall goal for  Aggie Prep  was to build the participants’ 
ability to refl ect on the nature of science and mathematics, how adolescents learn, 
and implement instructional best practices of science and mathematics that accom-
modate the language and learning needs of students in their classrooms. These aims 
were best accomplished through the university faculty, clinical educator, building 
mentor, and participant collaboration and engagement in the learning process. 
Regular communication supported each team member’s ability to support the daily 
work of each participant. The context for each participant was initially gathered 
using a competency-based pre-assessment tool (Appendix  D ). The faculty facili-
tated a discussion with all of the participants and their mentors at a face-to-face 
orientation at the onset of the program with all seven participants, four lead faculty, 
two clinical educators, and fi ve mentors in attendance. One of the purposes of the 
orientation program was to build community and a sense of how to support each 
individual alternative licensure candidate. 

 The information gleaned from the pre-assessment showed the majority of par-
ticipants felt confi dent in the areas of content knowledge and professionalism. They 
felt less comfortable with lesson planning, differentiating instruction, and managing 
student behavior. One student expressed concern that resolving professional confl ict 
was very different than her experiences working in the environmental engineering 
industry. Every member of the  Aggie Prep  team received a copy of this document. 
It was revisited throughout the program to ensure the fi eld coaching and partici-
pants’ increasing levels of self-awareness were purpose driven and context 
specifi c. 

 The goals were met as illustrated by the anecdotal evidence gathered throughout 
the semester via CE and mentor conference calls, face-to-face meetings, and during 
professional development sessions. At the beginning of the program, the CE 
remarked the majority of students did not understand the lesson plan template and 
they were struggling with classroom management and how to create active learning 
opportunities in their science and mathematics classrooms. However, by the end of 
the semester, several of the mentors noted the participants were providing much 
more detailed lessons with active learning strategies in place that addressed multiple 
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learning styles aimed at meeting the needs of diverse learners. One mentor stated, “I 
have seen a huge difference in [her] confi dence since January. I have been in her 
classroom all year. Her growth since January has been amazing (personal commu-
nication).” Another mentor who completed an alternative licensure program herself 
said, “If I had this opportunity in an alternative program, I would have been better 
off. I really think it is a positive thing to have for alternative teachers (personal 
communication).” 

 As part of the design, coursework was fl exible and responsive to the need for 
participants to allow their experiences to serve as the context for learning and devel-
oping strategies for responding to learners in the environment. Overall, students 
felt that the fl exibility of the courses and the ability to give and receive feedback 
was an important aspect of the program, and that, “Instructors have great feedback 
and comments that helped [me] to improve my teaching and planning.” Student 
feedback regarding the benefi ts of the  Aggie Prep  online courses were positive. 
One student in particular stated,

  I really enjoyed having the weekly meetings. It really helped me stay on track for this class 
and also see how others were doing in the class. I was really able to get some good ideas 
from the assignments that we performed and it helped me structure some of my lessons. 
Cohort collaborations and partner work encouraged me to stay on track and turn in assign-
ments on time since someone else’s grade was also on the line. Thank you for providing the 
readings online, that helped greatly! 

 While other students appreciated the emphasis on teaching strategies and stated, “I 
learned many new techniques and strategies that will enable me to teach better;” 
“The instructors know what work you have in other classes. It has challenged me to 
be a better teacher;” and “Aggie prep program is wonderful for new, alternative 
licensure teachers!”  

    Summary and Implications 

 Attracting and retaining high quality secondary STEM teachers who are content 
experts and who are prepared to teach in culturally and linguistically diverse class-
rooms has become an important tool in addressing the teacher shortage. In order to 
fi nd highly qualifi ed content experts, it has become necessary to look outside of a 
traditional teacher education program. As discussed in this chapter, the authors 
described a high quality alternative licensure program aimed at preparing high qual-
ity content experts in the pedagogical content skills they need in order to be success-
ful in the secondary classroom. The curriculum of this online program emphasized 
a standards based active learning environment and bilingual/bicultural education. 
Within this context, the authors also chose to focus on language development 
through science and mathematics instruction. Language learning is an essential 
component of the educational process, especially for those students whose fi rst lan-
guage is not English, however, the process of becoming literate should not and can-
not be limited to language arts. The potential for increasing language acquisition 
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through meaningful science and mathematics activities while providing experiences 
to learn the content can be benefi cial to all students regardless of their language 
profi ciency. This successful program illustrates the potential for an alternative 
teacher preparation program to reach and support novice teachers placed in rural 
areas with limited assistance and resources.      

    Appendices 

     Appendix A: Aggie Prep Coursework 

 1st Semester  2nd Semester  Summer I 

 EDUC 563/563: Secondary 
STEM Methods 

 EDUC 518: Technology and 
Pedagogy 

 RDG 514: Content Area 
Literacy 

 EDUC 505: Classroom 
Management 

 SPED 500: Special Education 
for General Educators 

 EDUC 515: Multicultural 
Education 

 NES Essential Academic  NES Secondary Content  NES Prof. Knowledge 

        Appendix B: STEM Methods Course Outline 

 Session  Topic 

 Week 1  Introductory Activities 
 Week 2  Lesson Planning 101 
 Week 3  Lesson Planning using the Standards 
 Week 4  Learning Mathematics and Science in Secondary Classrooms 
 Week 5  Teaching Mathematics and Science in Secondary Classrooms 
 Week 6  High Cognitive Demand Tasks 
 Week 7  Teaching Mathematics and Science in Secondary Classrooms 
 Week 8   Assessment  
 Week 9  Mathematics, Science & Technology 
 Week 10  Teaching Diverse Learners 
 Week 11  Motivation in Mathematics and Science Secondary 

Classrooms 
 Week 12  Incorporating the Practices of Mathematics and Science in 

Secondary Classrooms 
 Week 13  Shared Lesson Demonstrations 
 Week 14  Break 
 Week 15  Shared Lesson Demonstrations 
 Week 16  Final Refl ection 
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        Appendix C: Secondary Education Lesson Plan Template 

 Grade:  Subject:  Date:  Prepared By: 
 Overview: (essential question, connection to larger unit, concept, etc.) 
 Standards & Benchmarks (Common Core State Standards, and/or other state content standards 
listed in their entirety) 
 Measurable Objectives: 
 The student will be able to… 
 Description of the Lesson (Write/
script each step in the order that 
you will proceed through the 
lesson) 

 Anticipated 
Time 

 Questions for Consideration (Self & 
Student) 
 (Write/script questions you want to ask 
students during this part of the lesson 
and questions that emerge as you are 
teaching the lesson.) 

 Materials: 
 Assignment(s): 
 Summative Assessment: (May not be specifi c to the lesson, but will ultimately measure desired 
student outcome on overarching concept.) 

        Appendix D: Aggie Prep Orientation to Education 
Pre-Assessment 

 Student: Please refl ect and respond to each prompt below. Circle the number that 
best refl ects your perception at this time. When appropriate, please provide a 
response to the short-answer prompts. 

 To what degree do you feel you perform each competency? 
 (1) Needs improvement  (2) Developing  (3) Effective  (4) Highly Effective 

    Domain 1: Preparation & Planning ( Learner Development, Content Knowledge, 
Planning for Instruction) 

 Making adequate time to prepare instructional materials  1  2  3  4 
 Developing daily and long-term lesson plans  1  2  3  4 
 Using state standards and benchmarks to create lessons  1  2  3  4 
 Planning my lessons to achieve optimum learning by students  1  2  3  4 
 Writing measurable objectives  1  2  3  4 
 Including knowledge of students’ backgrounds, cultures, skills, 
academic language, interests, and special needs 
into planning and practice 

 1  2  3  4 

 Understanding the central concepts, tools of inquiry, 
and structures of the discipline I am teaching 

 1  2  3  4 

 Comments/Goals/Needs 
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    Domain 2: Creating an Environment for Learning  (Learning Differences, 
Learning Environments) 

 Organizing class activities to sustain attention 
and interest of students 

 1  2  3  4 

 Establishing an environment that utilizes feedback 
in a positive manner 

 1  2  3  4 

 Challenging unmotivated students  1  2  3  4 
 Challenging students to use higher order thinking skills  1  2  3  4 
 Adhering to classroom schedules activities  1  2  3  4 
 Developing and/or implementing classroom 
management procedures 

 1  2  3  4 

 Creating interactions with students that are polite & respectful  1  2  3  4 
 Relating to and providing for English Language Learners  1  2  3  4 
 Identifying stereotypes and bias in curriculum materials & adapt 
instruction accordingly 

 1  2  3  4 

 Providing for the individual needs of students  1  2  3  4 
 Relating to and providing for students with exceptionalities  1  2  3  4 
 Participating in the IEP process  1  2  3  4 
 Comments/Goals/Needs 

    Domain 3: Teaching for Learning  (Application of Content, Assessments, 
Instructional Strategies) 

 Employing a range of vocabulary to ensure learning 
expectations are comprehensible to all students. 

 1  2  3  4 

 Integrating content area concepts across all areas of instruction  1  2  3  4 
 Incorporating a variety of pedagogical strategies into practice  1  2  3  4 
 Promoting creativity and independent thinking  1  2  3  4 
 Accessing a range of technology to support instruction  1  2  3  4 
 Incorporating technology into instruction 
to support student learning 

 1  2  3  4 

 Allowing suffi cient time for students to answer through active 
engagement with peers and teacher 

 1  2  3  4 

 Connecting assessment to stated goals and objectives  1  2  3  4 
 Developing valid and varied evaluation tools 
to measure student outcomes 

 1  2  3  4 

 Incorporating formative assessment into instruction  1  2  3  4 
 Using effective questioning techniques 
to assess student knowledge 

 1  2  3  4 

 Adjusting teaching style to meet the learning styles 
of all students in the classroom 

 1  2  3  4 

 Engaging learners in applying methods of inquiry 
and standards of evidence used in the discipline. 

 1  2  3  4 
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 Stimulating learner refl ection on prior content knowledge 
and link new concepts to familiar concepts 

 1  2  3  4 

 Recognizing learner misconceptions that lead to errors  1  2  3  4 
 Comments/Goals/Needs 

    Domain 4: Professionalism  (Professional Learning & Ethical Practice, Leadership 
& Collaboration) 

 Implementing record keeping procedures (school and district)  1  2  3  4 
 Maintaining accurate and up-to-date records  1  2  3  4 
 Communicating with families in a culturally 
appropriate manner 

 1  2  3  4 

 Communicating frequently with families  1  2  3  4 
 Actively participate in professional community, 
and in school/district events and projects. 

 1  2  3  4 

 Maintain positive and productive relationships 
with colleagues 

 1  2  3  4 

 Accepting opportunities for professional development 
after an individual assessment of need 

 1  2  3  4 

 Promoting a safe environment for students when 
monitoring students and activities 

 1  2  3  4 

 Comments/Goals/Needs 

       1.    Do you have a required lesson planning template? Explain.   
   2.    How comfortable are you using TeachScape? Explain.   
   3.    Do you have a planning period? If yes, how do you typically use this time? 

Explain.   
   4.    Do you work with an inclusion teacher? If yes, how?   
   5.    How do you typically give feedback to students?   
   6.    What do you feel are your content area strengths?   
   7.    What do you feel are your content area weaknesses?   
   8.    What is your understanding of differentiated instruction?   
   9.    Are you currently satisfi ed with how your class operates on a daily basis? 

Explain.        
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    Chapter 15   
 A Functional Approach to Twenty-First 
Century Science Literacy                     

     Wei     Zhang    

      Disciplinary literacy development has become increasingly emphasized in recent 
decades. Studies on new literacies have shifted the research paradigm from the tra-
ditional notion of building students’ discipline-general literacy skills to the develop-
ment of multiliteracies, or discipline-specifi c literacy (e.g., Leu et al.  2009 ; Shanahan 
and Shanahan  2008 ; Tang  2015 ; Zygouris-Coe  2015 ). New education standards also 
emphasize that all students should master disciplinary literacy in order to participate 
constructively in today’s world with its unprecedented technological advancement 
and scientifi c discoveries. In the United States, the Common Core State Standards 
(CCSS) adopted by 43 states lays down not only academic standards for English 
language arts and mathematics but also literacy standards for other subject areas, 
including social studies/history, science, and technology subjects (NGA & CCSSO 
 2010 ). 

 While disciplinary literacy develops in tandem with content knowledge, students 
do not automatically acquire disciplinary literacy as they engage in content knowl-
edge learning. This is particularly true for such disciplines as science where highly 
specialized language is used to communicate fundamental ideas, key concepts, and 
core knowledge (Fang  2005 ; Shanahan  2013 ; Shanahan and Shanahan  2008 ). To be 
literate in science entails both the essential knowledge of science and the literacy 
skills to read, write, and communicate in scientifi c language (Norris and Phillips 
 2003 ). The teaching of science should include not only hands-on experiential activi-
ties to build up scientifi c concepts, but also literacy instruction on critical reading 
and writing skills to deepen experiential learning (Fang  2013 ; Krajcik and Sutherland 
 2010 ; Shanahan  2012 ). 

        W.   Zhang      (*) 
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 However, there is a general consensus that science texts are too diffi cult to read 
and therefore are not read by students or required by teachers. An often noted 
 substitution for asking students to read science textbooks is that science teachers 
transform the textbook content to lecture notes and assess students on hands-on 
activity only (Fang  2005 ,  2013 ; Shanahan  2012 ). This practice leads to a problem-
atic dislocation of science literacy instruction from science teaching and learning 
(American Association for the Advancement of Science  1989 ). While various edu-
cational and societal factors contribute to this situation, the high demand of the 
language of science itself (Fang  2005 ) and teachers’ insuffi cient literacy preparation 
(Shanahan and Shanahan  2008 ) are two of the major factors. On the one hand, sci-
ence texts are fi lled with technical words with condensed meanings and are struc-
tured and organized in ways unique to science itself; they require more than general 
literacy skills for an accurate interpretation and thorough understanding. On the 
other, science teachers, like other content teachers at secondary schools, usually do 
not receive training to teach science language and are not required to do so (Barry 
 1994 ; Fang  2014 ; Ross and Frey  2009 ; Shanahan and Shanahan  2008 ; Short  2002 ). 

 Given the situation, the shifted emphasis on science literacy in science education 
poses new challenge to science teachers in general, and particularly so to science 
teachers of English language learners (ELLs). In the past few decades, ELLs have 
become the fastest-growing student body in public schools (Roseberry-McKibbin 
and Brice  2015 ; Uro and Barrio  2013 ). They need to develop academic language to 
access content knowledge while still learning English for daily communication. At 
secondary schools, they are required to use disciplinary literacy skills to learn vari-
ous subjects without adequate time to build up basic and general literacy skills, in 
spite that the latter is the foundation for disciplinary literacy development (Shanahan 
and Shanahan  2008 ). To meet the needs of ELLs, sheltered instruction has been 
adopted to support their content knowledge and academic language development 
(Echevarría et al.  2012 ; Lightbown and Spada  2013 ). As a content-based approach 
to disciplinary literacy, sheltered instruction requires teachers to integrate disciplin-
ary academic language instruction to disciplinary content teaching. In order to do 
so, content teachers should be equipped with in-depth knowledge in how language 
works within a content. This chapter describes a content teacher professional devel-
opment model that incorporates a functional text analysis into sheltered instruction 
training for in-service content teachers to strengthen their capacity to work with 
ELLs. In this professional development program, science teachers and language 
teachers collaborate on designing teaching strategies for effective science literacy 
instruction in a sheltered setting, which proves to have prepared the teachers well to 
successfully implement sheltered instruction with ELLs in their classrooms. 

    Teacher Preparation Model 

 The in-service teacher professional development program is delivered by a mid- 
western university funded by a grant from the Department of Education of the 
United States. Four cohorts of content teachers from six local school districts in the 

W. Zhang



273

northeastern part of the state are taking courses toward a TESOL (Teaching English 
to Speakers of Other Languages) Endorsement. STEM (Science, Technology, 
Engineering, and Mathematics) teachers are prioritized to participate in the grant. 
Each cohort consists of at least half STEM teachers and teachers of other subjects, 
including English language arts (ELA), ESL (English as a second language), and 
social studies. The selected teachers are working with ELLs at grades K-12 in both 
urban and suburban schools at various capacities, with 10–97 % of their students 
being designated as ELLs in their schools. All of them are licensed teachers holding 
at least a Bachelor’s degree in education. Most of them have not received prior train-
ing in language, linguistics, or methods and techniques to teaching ELLs. 

 The program is taught by four tenured or tenure-track faculty members at the 
university. The courses are delivered via distance learning with 30–90 % of the 
components being offered online to accommodate travel constraints of the teachers 
and offer more fl exibility for time management. The grant is evaluated annually by 
the education evaluation center in another university. Four types of data are col-
lected for program evaluation: (1) pre-and-post training survey data from the par-
ticipating teachers; (2) a focus group with the participating teachers; (3) 
pre-and-post-training class observation data of about two thirds of the participating 
teachers; and (4) state test scores of ELLs served by the participating teachers. 

 The TESOL Endorsement is a 22-credit interdisciplinary program with eight 
courses. These courses are fully aligned with the  TESOL/NCATE Standards for the 
Recognition of Initial TESOL Programs in P-12 ESL Teacher Education  (Teachers 
of English to Speakers of Other Languages, Inc.  2010 ). They cover linguistics, 
English grammar, second language acquisition theories, language teaching meth-
ods, language teaching techniques, second language literacy, and inclusive educa-
tion. One of these courses is designated to the SIOP (Sheltered Instruction 
Observation Protocol) model, a content-based instruction model to teach ELLs 
(Echevarría et al.  2012 ). 

 Striking a balance between theory and practice, the TESOL Endorsement pro-
gram is aimed at developing the grant teachers’ knowledge base to teach ELL in 
content instruction with an emphasis on strategies to teach disciplinary language 
and disciplinary literacy skills. A major focus of the training is to prepare the grant 
teachers to effectively use the SIOP model to teach ELLs in an inclusive classroom. 
The SIOP model is a systematic synthesis of the best practices in language and 
content instruction to ELLs. It is composed of eight components or thirty features to 
guide the preparation, delivery, and assessment of each lesson (See Fig.  15.1 ). It is 
the only research validated model in content-based instruction (Echevarria et al. 
 2011 ; Echevarría et al.  2012 ; Short et al.  2011 ,  2012 ). With adequate training and a 
high level of implementation of at least 75 % of the time, the model has proven to 
be effective in ELL instruction (Short et al.  2012 ). While teaching models generally 
provide guidance on how (to teach) but not necessarily why (to teach as such), 
effective implementation of the SIOP model needs to be supported by the other 
courses in the TESOL Endorsement program to deepen the grant teachers’ under-
standing of the model and to build up their confi dence in using the model. In par-
ticular, Systemic Functional Linguistics (SFL) is incorporated the TESOL 
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Endorsement program to strengthen the grant teachers’ understanding of the 
 linguistic complexity in order to support ELLs’ academic language development in 
the implementation of the SIOP model.

       Functional Linguistics Integration 

 Systemic Functional linguistics, or SFL, is a genre-based semantic-functional 
approach to analyzing the linguistic features of different types of texts. It takes as its 
goal to “construct a grammar for purposes of text analysis: one that would make it 
possible to say sensible and useful things about any text, spoken or written, in mod-
ern English” (Halliday  1994 , p. XV). It has been used to unpack the linguistic com-
plexity of content texts for disciplinary literacy instruction (e.g., de Oliveira  2010a , 
 b ; Fang  2005 ,  2013 ,  2014 ; Fang and Schleppegrell  2008 ; Schleppegrell  2004 ; 
Zygouris-Coe  2015 ). In the TESOL Endorsement, SFL is integrated into two 
courses taught in two consecutive semesters: a foundation course in linguistics and 
a course on second language acquisition theories and teaching methods. In the fi rst 
course, the grant teachers learn the principles of SFL text analysis and the unique 
linguistic features of texts in their respective content areas through guided readings. 
They then conduct a thorough analysis of a content text to demonstrate their 

  Fig. 15.1    The SIOP model (Adapted from Echevarría et al.  2012 )       
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understanding of the reading materials. In the second course, a science teacher and 
an ELA or ESL teacher work together to illustrate one particular linguistic feature 
of science texts with examples from science textbooks across grade levels and 
design activities to target the identifi ed linguistic feature to make science texts more 
accessible for ELLs. In addition, all teachers write a refl ection on the usefulness of 
the course projects in helping them to teach disciplinary academic language and 
how they can implement the teaching strategies with their own students. Finally, the 
SFL integration into the training is evaluated in the pre-and-post-training class 
observations that are part of the grant evaluation using the SIOP class observation 
protocol. 

 From an SFL perspective, science language is hard to understand because it is 
“simultaneously technical, abstract, dense, and tightly knit” (Fang and Schleppegrell 
 2008 , p. 20). These four features capture the distinctive use of language in science 
texts: frequent use of technical terms, naming complex processes by means of nom-
inalization, packing dense information into long noun groups and complex sentence 
structures, and using specifi c text organization patterns for logic reasoning. In the 
following section of this chapter, a middle school science text on the water cycle is 
presented to illustrate the linguistics features of science texts with teaching strate-
gies to teach the linguistic features. It also serves as an example of how to incorpo-
rate SFL into the SIOP model to support science teacher to deliver language-based 
content instruction.  

    The Water Cycle: Functional Analysis and Teaching Strategies 

 The text on the water cycle is selected from the seventh grade science textbook 
 Interactive Science: Science and Technology  published by Pearson Education, Inc. 
( 2015 ). It is a typical text found in science textbooks (See Fig.  15.2 ). In this section, 
the text on the water cycle is analyzed in the SFL framework to illustrate the linguis-
tics features of science texts as being technical, abstract, dense, and tightly knit. 
Based on the text analysis, teaching strategies and activities for focused instruction 
are explained to target scientifi c vocabulary, science word formation, sentence 
structure, and text organization of science texts.

    Science Language Is Technical     Science texts are technical due to the large amount 
of specialized words used in a single text (Fang and Schleppegrell  2008 ). These 
words are of two types: (1) words unique to science, such as  photosynthesis ; and (2) 
common words with scientifi c meanings, such as  water table . Focused instruction 
on the technical words in science texts is necessary to build up students’ disciplinary 
literacy in science, but it is not adequate for ELLs. To read academic texts in English 
requires a large size of vocabulary of more than 40,000 (Hirsh and Nation  1992 ; 
Horst and Cobb  2006 ; Laufer  1992 ). Research on word frequency and word families 
has identifi ed that (1) the fi rst 2000 most frequent words account for about 80 % of 
all the words in spoken and written English texts; (2) another 570 or so words used 
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most frequently in academic texts across disciplines bring the coverage of a text to 
about 90 %; and (3) discipline-specifi c words make up for the rest (Crossley et al. 
 2013 ; Hirsh and Nation  1992 ; Horst and Cobb  2006 ; Laufer  1992 ; Nation and 
Waring  1997 ; O’Keeffe et al.  2007 ). Based on the research, vocabulary instruction 
in science should not limit to the technical words in science only, but also include 
words in the academic wordlist.  

 In  The Water Cycle , the science-specifi c words are highlighted in yellow, but 
more academic words are packed in this text. The classic version of  VocabProfi lers  
on   www.lextutor.ca     offers a four-category profi le of words in a text: K1: the fi rst 
1000 most frequent words; K2: the second 1000 most frequent words; AWL: words 
in the Academic Word List that are used across disciplines; and Off-list: discipline- 
specifi c vocabulary (Cobb  2013 ). Table  15.1  shows the  VocabProfi lers  analysis of 
the words in  The Water Cycle  by token (represented in percentage) and type (listed 
words). As can be seen in the table, the fi rst 2000 most frequent words do account 
for about 83 % of all words in the text, but cross-discipline and scientifi c words 
account for about 17 % of the words with the majority of them, 12.04 %, being 
scientifi c words. Among the scientifi c words, only  precipitation  and  transpiration  

What is the Water Cycle?
Earth has its own built-in water 
recycling system: the water cycle. The water 
cycle is the continuous process by which 
water moves from Earth’s surface to the 
atmosphere and back, driven by energy from 
the sun and gravity. In the water cycle, water 
moves between land, living things, bodies of 
water on Earth’s surface, and the 
atmosphere.

Water Evaporates Where does the 
water in a puddle go when it disappears? It 
evaporates, becoming water vapor. 
Evaporation is the process by which molecules 
at the surface of a liquid absorb enough energy 
to change a gaseous state. Water constantly 
evaporates from the surfaces of bodies of 
water such as oceans and lakes, as well as 
from soil and your skin. Plants play a role, too, 
in this step of the water cycle. Plants draw in 
water from the soil through their roots. 
Eventually the water is given off through the 
leaves as water vapor in a process called 
transpiration.

Condensation Forms Clouds After a 
water molecule evaporates, warm air can carry 
the water molecule upward. Air tends to 
become colder as it rises. Water vapor

as it rises. Water vapor condenses more 
easily at lower temperatures, so some water 
vapor cools and condenses into liquid water. 
Droplets of liquid water clump around solid 
particles in the air, forming clouds.

Water Falls as Precipitation As 
more water condenses, the water droplets grow 
larger. Eventually, they become so heavy that 
they fall back to Earth. Water that falls to Earth 
as rain, snow, hail, or sleet is called 
precipitation.

Most precipitation falls directly into the 
ocean. Of the precipitation that falls on land, 
most evaporates. A small amount of the 
remaining water runs off the surface into 
streams and lakes in a process called runoff, but 
most of it seeps into groundwater. After a long 
time, this groundwater may flow down to the 
ocean and evaporate again.

Precipitation is the source of almost all 
fresh water on and below the Earth’s surface. 
For millions of years, the total amount of water 
cycling through the Earth system has remained 
fairly constant—the rates of evaporation and 
precipitation are balanced.

  Fig. 15.2    Water Cycle Text from the book  Interactive Science: Science and Technology        
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are unique to science and the rest all have at least a scientifi c meaning and an 
 ordinary meaning, including  absorb, atmosphere, clump, condensation, condense, 
droplets, evaporate, evaporation, gaseous, gravity, groundwater, hail, molecule, 
puddle, recycling, runoff, seep, sleet , and  vapor. 

   Depending on ELLs’ profi ciency levels, not all of the AWL and Off-list words 
need to be taught, but the key words that are central to the description of the water 
cycle, such as  atmosphere, condense/condensation, evaporate/evaporation, precipi-
tation , and  transpiration  should be emphasized. One strategy to teach science 
vocabulary is to focus on recognizing the prefi xes, suffi xes, and word roots. The 
suffi x  –tion  is used most frequently as an ending of nouns. In science, it often sig-
nals a word that describes a process, as in  condensation, evaporation, precipitation , 
and  transpiration.  Another strategy is to differentiate the everyday meaning and the 
scientifi c meaning of science words. For instance,  atmosphere  refers to the whole 
mass of air surrounding the Earth in science, and generally refers to surrounding, 
environment, or tone in everyday life. Also note that a lot of science words are with 
multiple syllables and words with three or more syllable are diffi cult for ELLs. They 
are less frequent and are harder to pronounce, but being able to say these words 
helps ELLs to retain them for academic conversation. One strategy to teach multi-
syllabic words is to mark the stressed syllables in speech by articulating it with 
gesture and in writing by certain notations, such as underline, capitalization, or 
hyphenation (e.g.,  at   mosphere  or  AT-mosphere ). 

  Science Language Is Abstract     Science texts often read abstract. This can be 
attributed to the more frequent than usual use of nominalization, a process of turn-
ing verbal or adjectival groups into nominal group. Nominalization is used fre-
quently to condense meaning or labeling science processes. These words are a 
packed with multiple and condensed meanings that require more than a defi nition 
for an accurate and thorough understanding. For instance, the word  osmosis  has an 
everyday meaning,  a gradual absorption of something , but it describes a process in 
science with much richer meanings than its scientifi c defi nition denotes as shown in 
Fig.  15.3  (Adapted from Shanahan  2012 , p. 166).

   Table 15.1    VocabProfi ler analysis   

 Percentage 
(%) 

 Cumulated 
percentage 
(%)  Words 

 K1  77.87  77.87 
 K2  5.04  82.91 
 AWL  5.04  87.95   Constant constantly cycle cycling energy eventually 

process role source  
 Off- 
list 

 12.04  100.00   Absorb atmosphere clump condensation condense 
droplets evaporate evaporation gaseous gravity 
groundwater hail molecule precipitation puddle 
recycling runoff seeps sleet transpiration vapor  

15 A Functional Approach to Twenty-First Century Science Literacy



278

    In  The Water Cycle , three instances of nominalization are found. They are all nouns 
to describe and label processes in the water cycle. While nominalization most often 
follows the verbal or adjective groups immediately, such as  evaporation  and  transpi-
ration  shown in Table  15.2 ,  condensation  is used as a heading preceding the verbal 
group in Paragraph 3, adding to the diffi culty of understanding. Dissecting nominal-
ization to the actual process that it describes in a Vocabulary Notebook exercise as 
illustrated in Fig.  15.3  helps to clarify meaning. Another strategy is to rewrite long 
sentences with nominalization into shorter ones. For instance, the sentence  Eventually 
the water is given off through the leaves as water vapor in a process called transpira-
tion  can be broken down to two shorter sentences:  Eventually the water is given off 
through the leaves as water vapor. This process is called transpiration. 

  Fig. 15.3    Vocabulary notebook example       

Verbal group Nominalization
It evaporates, becoming water vapor. Evaporation is ….

Eventually the water is given off through the leaves as water vapor 
in a process called transpiration.

…so some vapor cools and condenses into liquid water
Condensation (Forms Clouds)

   Table 15.2    Nominalization       
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    Science Language Is Dense     Science texts are high in lexical density. The ratio of 
content words to the total words in  The Water Cycle  is 0.60 (214 content words/357 
words = 0.6), that is, six out of ten words in the text are content words. Apart from 
lexical density, science texts also contain long sentences that include expanded 
noun groups with pre-and-post modifi ers and embedded clauses as illustrated with 
two examples from  The Water Cycle  in Table  15.3 . Deconstructing long noun 
groups into its components, expanding simple nouns, and comparing different types 
of noun groups are effective strategies in helping students to identify the head noun, 
revealing the meaning of long noun groups.

     Science Language Is Tightly Knit     Science texts employ a tightly knit structure to 
describe step-by-step processes and present rigorous reasoning. Dividing sentences 
into Themes (the departing idea of a clause) and Rhemes (the rest of a clause) and 
tracking the relationships among them reveals the organization of ideas in a science 
text. Two unique patterning of Themes and Rhemes are commonly found in science 
texts: reiterating of Themes and zig-zag patterning. As illustrated by the Theme- 
Rheme pattern analysis of the fi rst paragraph of  The Water Cycle  in Table  15.4 , the 
Rheme of the fi rst sentence,  the water cycle , is picked up immediately by the second 
sentence as its Rhemes, forming a zig-zag pattern, tying the two sentences together. 
Then the third sentence starts with the same Theme as the second sentence,  the 
water cycle , to give more information about it by reiterating the same Theme. As a 
paragraph become longer, there are more Themes and Rhemes to grasp, but they 
mostly still fall into these two types of patterning. Tracking clause Themes, creating 
Themes in text joining activities, and comparing different thematic patterns of sci-
ence texts are strategies to help students to discover the organization scheme of 
science texts and therefore gain a deeper understanding of what a science text 
means.

   Table 15.3    Long noun groups   

 Pre-modifi er 
 Head 
noun  Post-modifi er  Embedded clause 

  The continuous    process    by which water moves from Earth’s surface 
to the atmosphere and back, driven by 
energy from the sun and gravity  

  The total    amount    of water cycling 
through the Earth 
system  

Theme Rheme
Earth has its own built-in water recycling system: the water cycle.

The water cycle is the continuous process by which water moves from Earth’s surface to 
the atmosphere and back, driven by energy from the sun and gravity.

In the water cycle water moves between land, living things, bodies or water on Earth’s 
surface, and the atmosphere.

   Table 15.4    Theme-rheme pattern analysis       
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    As has demonstrated above, science language has four distinct linguistic features 
that simultaneously contribute to its text complexity: technicality, abstractness, den-
sity, and tightly knit text structure. An SFL approach to science literacy helps sci-
ence teachers to identify what to teach in terms of language in science classes. 
Focused instruction on language can be used before students read a science text to 
provide language scaffolds for text comprehension. It can also be used after students 
read a science text as review and assessment of text comprehension. Figure  15.4  is 
a summary of the science text linguistic features and suggested teaching strategies.

       Effectiveness of SFL Integration 

 The effectiveness of the SFL integration into the TESOL Endorsement program is 
evaluated by a qualitative instrument and a quantitative instrument. The qualitative 
data are collected from the teachers’ self-refl ection on the process of analyzing the 

  Fig. 15.4    The language of science and teaching strategies       
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linguistic features of science texts and designing teaching strategies. The quantita-
tive data are collected as four-point Likert scale ratings on language-related items 
on the SIOP class observation protocol given to each teacher by two faculty mem-
bers during pre-training and post-training lass observations. The analysis of the 
qualitative data follows a category system required of interview data analysis to 
look for emerging themes (Gall et al.  2007 ). The analysis of the quantitative data 
follows a within-subjects, repeated-measures design so that the evaluation of growth 
can be attributed to the training. The pre- and post-observation scores are matched 
by teacher so that signifi cant differences will be attributed to growth due to the 
training instead of differences inherent between teachers. 

 In the teachers’ self-refl ection, a general theme that emerges is that the teachers 
themselves now perceive science texts to be much more accessible for them to teach 
and for their students to read. A common comment is that the teachers used to think 
science texts are very diffi cult to read, not only for their students, but also to them-
selves; after unpacking the science texts into the four features of science language, 
science texts becomes much more “reader friendly” and much more “teachable”. 
They also acknowledge that reducing the language without reducing the content is 
possible by adopting techniques such as vocabulary builders and nominalizations. 
Two teachers discussed a technique in which they break down sentences into 
smaller, more easily understood parts using tools such as highlighters. One teacher 
mentioned a “word wall” in which students add their interpretation of a target word 
to the wall. Here are their specifi c statements:

  “I also have tried taking a sentence out of a paragraph that I feel is something that they need 
to know and we break it down.” 

 “I’ve got a Word wall in the hallway. I have a big word that says soil because we’re start-
ing soil and top soil and some stuff. So the word soil, and I had all the kids around the world 
fi nd out what the word soil- how to look at it in their language and they put it on a bubble. 
So it’s this big spider web out in the hallway.” 

   In conducting the statistical analysis of the SIOP class observation protocol, it is 
anticipated that by comparing pre- and post-observation scores growth can be iden-
tifi ed through a statistical comparison of scores averaged across the teachers. 
Therefore, a dependent samples difference score was calculated for each of the item 
rated to assess if there were signifi cant differences between pre- and post- 
observations. Among the 30 items that represent 30 features or the eight compo-
nents of a SIOP lesson, fi ve are identifi ed as directly related to the SFL integration 
into the training:

   2.  Language objectives  clearly defi ned, displayed, and reviewed with students  
  9.  Key vocabulary  emphasized (e.g., introduced, written repeated, and highlighted 

for students to see)  
  22. Activities integrate  all language skills  (i.e., reading, writing, listening, and 

speaking)  
  24.  Language objectives  clearly supported by lesson delivery  
  27. Comprehensive  review of key vocabulary    
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Table  15.5  is the breakdown of the average ratings of the fi ve items on the pre- and 
post-observations with average differences that are statistically signifi cant marked. 
The average of all fi ve items has greatly improved with statistically signifi cant 
results for three of them, which has demonstrated that teacher growth can be attrib-
uted to the training they have received.

   In summary, the analysis of data collected by both qualitative and quantitative 
instruments reveal that SFL text analysis, as a functional approach to science liter-
acy is a necessary and useful addition to the training of the science teachers in the 
TESOL Endorsement program. It deepens the teachers’ own understanding of the 
language of science and prepares them well in identifying the language items to be 
taught together with the science content and in articulating and implementing the 
language objectives of a lesson.  

    Conclusion 

 This chapter describes a TESOL teacher training program that aims to build up 
content teachers’ capacity to deliver content-based language instruction with a 
focus on discipline-specifi c academic language development of ELLs. With the 
double foci of the SIOP model on content instruction and language teaching, the 
linguistic analysis tool of SFL is incorporated into the linguistics and language 
acquisition and teaching methods courses to strengthen science teachers under-
standing of the linguistic complexity encoded in science texts. This linguistic inte-
gration constitutes a solid foundation for them to design teaching strategies to 
support ELLs’ academic language and content knowledge development. 

 The incorporation of functional linguistics into the TESOL Endorsement 
 program meets the disciplinary literacy standards in twenty-fi rst century science 
education. Its successful implementation hinges on two factors: (1) the grant teach-
ers’ confi dence in adopting the SFL text analysis for classroom practice; and (2) 
individualized guidance to facilitate the grant teachers to complete the SFL content 
text analysis and teaching strategy design. To build up the grant teachers’ confi -
dence in SFL, the principles of SFL and how it can be applied to the science content 

   Table 15.5    SIOP observation: language-related items   

 Item 
 Number of 
teachers1 

 Pre-observation 
average 

 Post-observation 
average2 

 2. Language objectives defi ned  12  1.08  3.42* 
 9. Key vocabulary emphasized  12  1.83  2.67 
 22. Integrate all language skills  12  1.83  3.08* 
 24. Language objectives supported  12  1.08  2.83* 
 27. Review key vocabulary  11  1.18  2.18 

  1. Only teachers with both pre- and post-observation scores are included in the analysis 
 2. *  p  < .01, indicates the post-observation is signifi cantly different from pre-observation score  
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area and other content areas are explained in an interactive presentation before the 
grant teachers start the guided readings. As they are completing the guided readings, 
conducting the content text analysis, and designing the teaching strategies, they are 
given individual attention in conferences to ensure that they understand the SFL text 
analysis principles to such a level that they are able to accurately apply the newly 
gained knowledge into practice. As a new approach to science literacy teaching and 
learning, SFL holds promise for strengthening the knowledge base of science teach-
ers to ensure effective delivery of sheltered instruction to meet the academic literacy 
of ELLs, but more empirical research is necessary to validate its usefulness in 
teacher training and classroom instruction.     

   References 

   American Association for the Advancement of Science. (1989).  Science for all Americans: A proj-
ect 2061 report on literacy goals in science, mathematics , and  technology.  Washington, DC: 
Author. Retrieved from   http://www.project2061.org/publications/sfaa/online/sfaatoc.htm      

    Barry, A. L. (1994). The staffi ng of high school remedial reading programs in the United States 
since 1920.  Journal of Reading, 38 , 14–22.  

   Cobb, T. (2013).  VocabProfi lers  [Computer software]. Québec: Université du Québec à Montréal.  
    Crossley, S. A., Cobb, T., & McNamara, D. S. (2013). Comparing count-based and band-based 

indices of word frequency: Implications for active vocabulary research and pedagogical appli-
cations.  System, 41 (4), 965–981.  

    de Oliveira, L. C. (2010a). Beyond general strategies for English language learners: Language dis-
section in science.  Electronic Journal of Literacy Through Science, 9 , 1–14.  

    de Oliveira, L. C. (2010b). Enhancing content instruction for ELLs: Learning about language in 
science. In D. Sunal, C. Sunal, M. Mantero, & E. Wright (Eds.),  Teaching science with Hispanic 
ELLs in K-16 classrooms  (pp. 135–150). Charlotte: Information Age.  

    Echevarria, J., Richards-Tutor, C., Canges, R., & Francis, D. (2011). Using the SIOP model to 
promote the acquisition of language and science concepts with English learners.  Bilingual 
Research Journal, 34 , 334–351.  

       Echevarría, J., Vogt, M. E., & Short, D. J. (2012).  Making content comprehensible for English 
learners: The SIOP model  (4th ed.). Boston: Pearson.  

       Fang, Z. (2005). Scientifi c literacy: A systemic functional linguistics perspective.  Science 
Education, 89 (2), 335–347. doi:  10.1002/sce.20050    .  

      Fang, Z. (2013). Disciplinary literacy in science: Developing science literacy through trade books. 
 Journal of Adolescent & Adult Literacy, 57 (4), 274–278. doi:  10.1002/JAAL.250    .  

     Fang, Z. (2014). Preparing content area teachers for disciplinary literacy instruction.  Journal of 
Adolescent & Adult Literacy, 57 (6), 444–448. doi:  10.1002/JAAL.269    .  

       Fang, Z., & Schleppegrell, M. J. (2008). Technicality and reasoning in science: Beyond vocabu-
lary. In Z. Fang & M. J. Schleppegrell (Eds.),  Reading in secondary content areas: A language- 
based pedagogy  (pp. 18–38). Michigan: University of Michigan Press.  

    Gall, M. D., Gall, J. P., & Borg, W. R. (2007).  Educational research: An introduction  (8th ed.). 
Boston: Pearson Education, Inc.  

    Halliday, M. A. K. (1994).  An introduction to functional grammar  (2nd ed.). London: Edward 
Arnold.  

     Hirsh, D., & Nation, P. (1992). What vocabulary size is needed to read unsimplifi ed texts for plea-
sure?  Reading in a Foreign Language, 8 (2), 689–696.  

     Horst, M., & Cobb, T. (2006). Second language vocabulary acquisition.  The Canadian Modern 
Language Review, 63 (1), 1012.  

15 A Functional Approach to Twenty-First Century Science Literacy

http://www.project2061.org/publications/sfaa/online/sfaatoc.htm
http://dx.doi.org/10.1002/sce.20050
http://dx.doi.org/10.1002/JAAL.250
http://dx.doi.org/10.1002/JAAL.269


284

    Krajcik, J. S., & Sutherland, L. M. (2010). Supporting students in developing literacy in science. 
 Science, 328 , 456–459.  

     Laufer, B. (1992). How much lexis is necessary for reading comprehension? In P. J. Arnaud & 
H. Béjoint (Eds.),  Vocabulary and applied linguistics  (pp. 126–132). London: Macmillan.  

    Leu, D. J., O’Byrne, W. I., Zawilinski, L., McVerry, J. G., & Everett-Cacopardo, H. (2009). 
Comments on Greenhow, Robelia, and Hughes: Expanding the new literacies conversation. 
 Educational Researcher, 38 , 264–269.  

    Lightbown, P. M., & Spada, N. (2013).  How languages are learned  (4th ed.). Oxford: Oxford 
University Press.  

    Nation, P., & Waring, R. (1997). Vocabulary size, text coverage, and word lists. In N. Schmitt & 
M. McCarthy (Eds.),  Vocabulary: Description, acquisition, pedagogy  (pp. 6–19). New York: 
Cambridge University Press.  

   NGA & CCSSO (National Governors Association Center for Best Practices & Council of Chief 
State School Offi cers). (2010).  Common core state standards for English language arts and 
literacy in history/social studies, science, and technical subjects . Washington, DC: Authors. 
Retrieved from   http://www.corestandards.org      

    Norris, S., & Phillips, L. (2003). How literacy in its fundamental sense is central to scientifi c lit-
eracy.  Science Education, 87 (2), 224–240. doi:  10.1002/sce.10066    .  

    O’Keeffe, A., McCarthy, M. J., & Carter, R. A. (2007).  From corpus to classroom: Language use 
and language teaching . Cambridge: Cambridge University Press.  

   Pearson Education, Inc. (2015).  Interactive science: Science and technology . United States: 
Authors.  

   Roseberry-McKibbin, C., & Brice, A. (2015).  Acquiring English as a second language: What’s 
“normal,” what’s not . Retrieved from   http://www.asha.org/public/speech/development/easl.
htm      

    Ross, D., & Frey, N. (2009). Real-time teaching: Learners need purposeful and systematic instruc-
tion.  Journal of Adolescent and Adult Literacy, 53 (1), 75–78.  

    Schleppegrell, M. J. (2004).  The language of schooling: A functional linguistics perspective . 
Mahwah: Lawrence Erlbaum Associates, Inc.  

      Shanahan, C. (2012). Learning with text in science. In T. L. Jetton & C. Shanahan (Eds.), 
 Adolescent literacy in the academic disciplines: General principles and practical strategies  
(pp. 154–171). New York: The Guilford Press.  

    Shanahan, C. (2013). What does it take? The challenge of disciplinary literacy.  Journal of 
Adolescent & Adult Literacy, 57 (2), 93–98.  

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

    Short, D. J. (2002). Language learning in a sheltered social studies class.  TESOL Journal, 11 , 
18–28.  

    Short, D. J., Echevarria, J., & Richards-Tutor, C. (2011). Research on academic literacy develop-
ment in sheltered instruction classrooms.  Language Teaching Research, 15 (3), 363–380.  

     Short, D. J., Fidelman, C. G., & Louguit, M. (2012). Developing academic language in English 
language learners through sheltered instruction.  TESOL Quarterly, 48 (2), 334–361.  

    Tang, K. S. (2015). Reconceptualising science education practice from new literacies research. 
 Science Education International, 26 (3), 307–324.  

   Teachers of English to Speakers of Other Languages, Inc. (2010).  TESOL/NCATE standards for 
the recognition of initial TESOL programs in ESL teacher education (Introduction) . Retrieved 
from   http://www.tesol.org/s_tesol/bin.asp?CID=219&DID=13040&DOC=FILE.PDF      

   Uro, G., & Barrio, A. (2013).  English language learners in America’s great city schools: 
Demographics, achievement and staffi ng . Washington, DC: Council of the Great City Schools. 
Retrieved from   http://fi les.eric.ed.gov/fulltext/ED543305.pdf      

     Zygouris-Coe, V. (2015).  Teaching discipline-specifi c literacies in grades 6–12: Preparing stu-
dents for college, career, and workforce demands . New York: Routledge.    

W. Zhang

http://www.corestandards.org/
http://dx.doi.org/10.1002/sce.10066
http://www.asha.org/public/speech/development/easl.htm
http://www.asha.org/public/speech/development/easl.htm
http://www.tesol.org/s_tesol/bin.asp?CID=219&DID=13040&DOC=FILE.PDF
http://files.eric.ed.gov/fulltext/ED543305.pdf


                 

  The Project  
 The Inheritances Books are a collaborative project between Ichabod Crane High 

School’s Illustration and ELL students. It is made possible by a grant from the 
Berkshire Taconic Community Foundation. 

  The Student-Artist  
 Michael Tomaso, grade 12, 18 years old.      

   Part III 
   International Perspectives 



287© Springer International Publishing Switzerland 2017 
A.W. Oliveira, M.H. Weinburgh (eds.), Science Teacher Preparation in 
Content-Based Second Language Acquisition, ASTE Series in Science Education, 
DOI 10.1007/978-3-319-43516-9_16

    Chapter 16   
 Promoting the Integration of Inquiry Based 
Science and English Learning in Primary 
Education Through Triadic Partnerships                     

     Mariona     Espinet     ,     Laura     Valdés-Sánchez     ,     Núria Carrillo     Monsó     , 
    Laura Farró     Gràcia     ,     Roser Martínez     Vila     ,     Núria López     Rebollal     , 
and     Ana Castillon     Pascual    

         Introduction 

    The Specifi city of Situated Multilingual European Contexts 
in Education 

 The educational demands that a global society places on most European education 
systems are high. One of these demands is the need to accept that our society and 
schools are multilingual contexts and that language diversity is a cultural heritage in 
need of conservation. The command of at least three languages is considered one of 
the most important basic competences that every European citizen should acquire 
through compulsory education (European Commission  2007 ). However the reper-
toire of language use in Europe can be seen as divided in two types of multilingual-
ism (Guasch and Nussbaum  2007 ): a fi rst order multilingualism constituted by the 
big European languages which are strongly valued and worth learning, and the sec-
ond order multilingualism constituted by the minority languages present as a conse-
quence 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 diffi cult. In fact, Catalonia is an autonomous region of 
Spain considering itself a nation without a state. The Catalan social and cultural 
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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. The revival of the 
Catalan language only began after Franco’s death, in 1975, at the birth of Spanish 
democracy. Since then, language policies promulgated by the Catalan government 
have had an important role in ensuring that Catalan is now commonly used in all 
aspects of daily life especially in education. The region has offi cially two languages: 
Catalan and Spanish although the school system has adopted a compulsory lan-
guage immersion model in Catalan as a tool for social cohesion. The Spanish cen-
tral government is at present legislating against the use of Catalan in schools. Any 
attempt to introduce new languages in the education system might be considered a 
potential danger for Catalan extinction and might add extra tension in the Catalan 
education system.  

    A Content and Language Integrated Learning Approach (CLIL) 
to Primary Science Education 

 In response to this demand, European educational institutions at all levels are devel-
oping new teaching approaches which could be included in the broad umbrella of 
bilingual education. Cummins, one of the fathers of multilingualism in education, 
defi ned bilingual education as the “use of two or more languages of instruction at 
some point in a student’s school career” (Cummins  2008 , p.xii). One of the bilin-
gual education approaches recently promoted in Europe has been the “Content and 
Language Integrated Learning” (CLIL). This approach advocates the need to design 
learning environments in which both specifi c content and a specifi c foreign lan-
guage 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 offi cial state language) is used to teach 
certain subjects in the curriculum other than languages lessons themselves” 
(Eurydice  2006 , p. 8). 

 A CLIL approach to science education implies the teaching of both science con-
tent and foreign language in the same classroom. Multilingual science education 
contexts are very varied with multiple models and structures existing in different 
European education systems. In this chapter we want to present the case of Catalonia, 
Spain, which has developed a particular model on multilingualism in education that 
strongly affects primary science education. 

 When developing CLIL approaches in primary science classrooms in Catalonia, 
teachers need to manage the learning of science and the learning of three languages 
at the same time: Spanish, Catalan and English, the last one being a foreign lan-
guage for both teachers and students. Primary teachers usually feel unconfi dent 
about the mastery of a foreign language such as English and about the way to teach 
it. This is why the Spanish government framed the English Primary Education 
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Specialist as a way to increase the provision of foreign language teachers in primary 
schools. The fact is that at present those who teach primary science under a CLIL 
approach in Spain and Catalonia are English specialist teachers who feel unconfi -
dent about teaching science and more specifi cally teaching inquiry based science 
(Martín  2008 ; Navés and Victori  2010 ).  

    Goals of the Program 

 The consequence of this is that the profi le of primary teachers who teach science in 
Catalan schools is changing rapidly and that the quality of the science taught might 
be seriously at stake. New professional development programs need to be developed 
so that we can help primary teachers teach inquiry based science and English by 
taking into consideration all linguistic resources brought by primary students. The 
authors of this chapter addressed this challenge by collaborating in the design of a 
primary teacher development program called  “IBS and English learning in primary 
education” . This program started in September 2014 and was the result of 5 years 
of research on CLIL approaches to science teacher education undertaken at the 
Universitat Autònoma de Barcelona (Espinet et al.  2012 ; Ramos and Espinet  2013a , 
 b ; Valdés et al.  2013 ). The primary goal of this program is to support primary sci-
ence teachers and primary foreign language teachers to develop teaching units that 
promote the integration of Inquiry Based Science and English learning taking into 
account the language diversity of the primary classroom. The secondary goal of this 
program is to create sustainable triadic partnerships which foster educational inno-
vations and research in the integration of primary science and language teaching 
and learning in Catalonia, Spain.   

    Teacher Preparation Model 

    A Triadic Partnership 

 The teacher preparation model is framed under the construct of  Learning 
Communities  inspired by the work of Wenger ( 1998 ) on communities of practice. In 
the fi eld of teacher education, this approach implies a view on teacher development 
which focuses on refl ection but extends it towards including a constructivist view of 
knowledge acquisition, the relevance of context, and the need to switch from indi-
vidual to group work among participants (LeCornu and Ewing  2008 ). 

 A triadic partnership was built around two axes (Fig.  16.1 ): (a) the educational 
institution of reference (schools, university, and educational administration), and (b) 
the discipline of reference (Science and English). The intention was to design a 
teacher development program in which all partners had the opportunity to  experience 
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professional development through their participation in the community. The triadic 
partnership was managed with two types of activities: (a) staff meetings to promote 
collaborative research and innovation in Science and English teaching in primary 
education, and (b) teacher development sessions to promote refl ective practice in 
teaching inquiry based science and English in their own primary schools and with 
the help of primary student teachers. The institutions directly involved within this 
triadic partnership were the primary schools, the Autonomous University of 
Barcelona (UAB), and the Center for Support of Educational Innovation and 
Research from the Catalan Government (CESIRE) (Fig.  16.1 ).

       Practice as a Boundary Object 

 Learning communities have a diversity of actors which come from different dis-
course communities, and thus held different identities. In our program these actors 
came from different professional institutions as well as different disciplines. 
Boundary objects are useful tools to help different actors cross the boundaries 
within communities (Akkerman and Bakker  2011 ). We took the construct of 

  Fig. 16.1    Triadic partnership for teacher preparation including primary schools, UAB (Universitat 
Autònoma de Barcelona), and CESIRE (Center for Support of Educational Innovation and 
Research from the Catalan Government)       

 

M. Espinet et al.



291

 Practice  as a unifying conceptual tool that would facilitate the building of connec-
tions between Science education and English education. This construct acted as a 
Boundary Object understood as “those objects that both inhabit several intersecting 
worlds and satisfy the informational requirements of each of them… [They are] 
both plastic enough to adapt to local needs and the constraints of the several parties 
employing them, yet robust enough to maintain a common identity across sites. 
They are weakly structured in common use, and become strongly structured in indi-
vidual site use” (Star and Griesemer  1989 , p. 393).  

    Conceptual Framework 

 The conceptual framework supporting our view on the integration of Inquiry based 
science and English adopts a synergistic view on the integration of content and lan-
guage (Stoddart et al.  2002 ). From this point of view the relationship between 
Science learning and English learning is considered to be reciprocal so that each 
domain complements and reinforces the other resulting in enhanced learning in both 
Science and English. Science and English learning are considered to be contextually 
bounded and thus functional. However, our framework departs from Stoddart et al. 
in that it introduces the concept of discursive practice instead of the concept of lan-
guage function in order to describe the characteristics of student and teacher engage-
ment in English teaching and learning. We align with the work of Azevedo et al. 
( 2015 ) which tried to build a general theory on the relationship between science 
classrooms activity types and epistemological discourse practices. 

 The practices of integrated Inquiry based science and English included in our 
model are the result of two different practices that take place at the same time when 
teaching science and language in the classroom: Scientifi c practices and Discourse 
practices. The scientifi c practices align with the orientations and conceptualization 
of the NGSS (Next Generation Science Standards) (NRC National Research Council 
 2012 ; Osborne  2014 ). The Discourse practices included in our model are of an epis-
temic nature such as identifying, describing, questioning, comparing, explaining, 
justifying, argumenting or defi ning. It is assumed that each scientifi c practice is 
linked to one or more discourse practices through their enactment. In addition, the 
framework introduces the idea of scientifi c and linguistic resources as the necessary 
tools for the joint enactment of both scientifi c and discourse practices. The linguis-
tic resources include key scientifi c vocabulary, specifi c structures, grammatical 
cohesion, connectors for discourse coherence, discursive patterns and textual com-
position process. The scientifi c resources, instead, include the general concepts nec-
essary to understand natural phenomena from a systemic point of view and 
correspond to the crosscutting concepts emerging from the NGSS. A conceptual 
tool representing those practices and their interrelationship was developed to act as 
a boundary object within the program (Table  16.1 ).
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        Implementation of the Model 

    Program Staff, Participating Teachers and Student Teachers 

 The staff involved in the program came from two different communities: the School 
of Education of the Universitat Autònoma de Barcelona (UAB) and the Center for 
Support of Educational Innovation and Research (CESIRE) from the Catalan 
Government. The staff involved from the UAB included one science education pro-
fessor and one doctoral student from the Science Education Department, and one 
professor from the Language Education Department. The staff involved from the 
CESIRE included three foreign language teacher educators and two science teacher 
educators with an extensive classroom teaching experience. 

 Twenty fi ve primary (6–12) education teachers participated in the program. 
These teachers were teaching in either private or public urban as well as rural 
schools. The target profi le of the teachers was either science specialists working in 
collaboration with the foreign language specialist, or foreign language specialist 
teaching science in English. The criteria used to select the participating teachers 
included the following: (a) Maximum coverage of the national territory; (b) 
Diversity of teaching experience; and (c) Known expertise in either foreign lan-
guage and/or science teaching in public primary schools. 

 The program included student teachers from the English mediated Primary 
Education Graduate Program offered at the School of Education (UAB) recruited on 

   Table 16.1    Conceptual framework for Inquiry based science and English integration   

 Practices and resources for Inquiry based science and English integration 

  Scientifi c practices    Discourse practices  
 Asking questions  Identifying 
 Developing and using models  Describing 
 Planning and carrying out investigations  Questioning 
 Analyzing and interpreting data  Comparing 
 Constructing explanations  Explaining 
 Communicating  Justifying 

 Argumenting 
 Defi ning 

  Scientifi c resources    Linguistic resources  
 Specifi c concepts  Key scientifi c vocabulary 
 Patterns  Specifi c structures 
 Cause and effect  Grammatical cohesion 
 Scale, proportion, and quantity  Connectors for discourse 

coherence 
 Systems and system models  Discursive patterns: 

conversation and debate 
 Energy and matter  Textual composition process: 

oral and written  Structure and function 
 Stability and change 
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a voluntary basis. Each primary school participating in the program hosted one or 
two student teachers in his or her third year of the Primary Teachers Graduate 
Program. The function of their participation was to assist the classroom teacher in 
the implementation of the teaching units and to participate in the teacher develop-
ment sessions thus acting as teacher assistants.  

    Development of the Program 

 The fi rst year of the program was developed through six staff meetings lasting 3 h 
each, fi ve teacher development sessions lasting two and a half hours each, and 
implementation of teaching units in each participating school for 3 months. All ses-
sions were tape recorded and reported through the writing of extensive minutes by 
the doctoral student. All materials were made available to program participants 
through the moodle electronic platform located within the Catalan government 
server. The program development was organized around four phases of a teacher 
development cycle: Exploration, Introduction, Implementation, and Refl ection. 
Table  16.2  reports on the phases and aims of the program development.

       Exploration Phase 

 In the fi rst session both the staff and the teachers shared their experiences on the 
teaching of Science and English with the purpose of creating a common ground. 
The World-Café methodology was used as a way to encourage participating teach-
ers to engage in open conversations based on mutual appreciation and collective 
sharing. They were distributed in one room around small tables to answer one open 
question and write the answers on a piece of paper. After 20 min, participating 
teachers freely moved to another table to answer the second questions using the 
original piece of paper previously set. One person in each table, in our case a staff 
member, acted as an ambassador ensuring the transmission of the ideas collected in 
the fi rst round to the second round. Through a World-Café methodology run by the 
English education specialists, teachers worked in small groups to answer orally and 
visually the following two questions in two different rounds:

    (a)    How do you teach Science and English in your primary education classroom 
and school?   

   (b)    What challenges do you confront when teaching Science and English in your 
primary education classroom?     

 One of the most representative challenges highlighted in the discussion of the 
World-Café visual representations was the need to increase teachers’ planning time 
and effort. Another challenge dealt with the acceptance by all teachers in school that 
the integration of Science and English learning could be possible. Finally another 
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important challenge pointed at the fear teachers had on students’ lack of vocabulary 
to be able to express their scientifi c ideas using oral English. 

 The second part of the fi rst session was conducted by the Science education staff 
members. Teachers were encouraged to work in groups on an inquiry based science 
activity using the materials offered to them such as the building of a catapult. They 
were asked to identify questions related to the available materials and phenomena 
and to answer these questions through and inquiry process. The purpose of doing 
this activity was to create a common ground where to refl ect on the meaning of 
inquiry based science. Student teachers were invited to participate in this phase 
although they were excused if they had to attend university course work in the 
 evenings. They were offered a specifi c preparatory meeting held in the university to 
inform them about the purposes, methods and expectations of their participation.  

   Table 16.2    Structure and aims of program development   

 Teacher development sessions  Program staff meeting 

  Phase 1: Exploration  
  1 session (2.5 h/session)    3 meetings (3 h/meeting)  
 Sharing classroom experience on science and English 
integrated teaching 

 Teachers and student teachers’ 
recruitment 
 Theoretical refl ection and boundary 
object creation 
 Planning of teacher development 
sessions 

  Phase 2: Introduction  
  2 sessions (2.5 h/session)    1 meeting (3 h/meeting)  
 Understanding science inquiry as the enactment of 
scientifi c practices. 

 Theoretical refl ection and boundary 
object refi nement 
 Planning of teacher development 
sessions 

 Understanding English learning as the enactment of 
discourse practices from a communicative approach 

 Preparation of student teacher 
participation 

  Phase 3: Design and implementation  
  3 months    3 months  
 Design and implementation of teaching units integrating 
Inquiry based science and English in primary classrooms 

 On line teacher’s assistance 
 Monitoring student teacher 
participation 

  Phase 4: Refl ection  
  2 sessions (4 h/session)    2 meetings (3 h/meeting)  
 Communication of teachers’ implementations  Analysis of teachers’ 

implementations 
 Theoretical refl ection on the 
boundary object 

 Refl ection on teachers’ implementations 

 Planning of the teacher development 
fi nal session 

 Program evaluation 

 Program evaluation and 
communication 
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    Introduction Phase 

 In the following two sessions participating teachers approached the conceptualiza-
tion of both Scientifi c Practice and Discursive Practice through the hands of Science 
Education and Language Education specialists as well as the support of specifi c 
readings. The NGSS approach to scientifi c practice was presented to them as a tool 
to interpret their own practice when teaching science. Teachers were confronted 
with a classroom narrative written by a practicing primary teacher which included 
transcripts of classroom interactions on water condensation to identify the scientifi c 
practices performed by the teacher and students in that specifi c situation. In addi-
tion, participating teachers were offered the opportunity to engage more deeply in a 
fi rsthand science inquiry activity on friction as a way to identify some of the scien-
tifi c practices and to fi ll the table shown in Fig.  16.2 . This table aims at supporting 
teachers to build a particular inquiry story constituted by a concrete sequence of 
scientifi c practices according to the phenomena at hand.

   In the second session of the introduction phase the Discourse practices were 
presented to the teachers and examples were provided to illustrate the most 
 commonly used discourse practices in primary science education such as describ-
ing, explaining, justifying and comparing. Participating teachers engaged into a 
fi rsthand science inquiry activity on sound as a way to identify the type of discourse 
practices that were involved in the inquiry activity. The table shown in Fig.  16.3  was 
given to the teachers as an example to illustrate the discourse practices associated to 

Identifying  the sequence of Scientific Practices within a Science Inquiry TS 

Scientific Practices Description

Asking questions

Developing and using 
models

Planning and carrying out 
investigations

Analyzing and interpreting 
data

Constructing explanations

Communicating

  Fig. 16.2    Tool for helping teachers identify scientifi c practices in a teaching sequence       
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the different scientifi c practices of a teaching sequence on sound. The difference 
between the tables shown in Figs.  16.2  and  16.3  is that the later introduces the guid-
ing Inquiry questions and the discourse practices associated to each particular sci-
entifi c practice. It was suggested to them the use of this table as a tool for planning 
their own science inquiry teaching sequences.

   The discussion unfolded around the ways English use could be promoted when 
children were actively engaged within the science inquiry activity. The tool pre-
sented in Fig.  16.4  was designed to support teachers in the planning of a single 
activity highlighting on the one hand the relationships between scientifi c and dis-
course practices in that particular activity, on the other hand the activation of scien-
tifi c and linguistic resources necessary for the enactment of those practices. In the 
case of English, as it is a language that pupils do not master, teachers need to plan 
the vocabulary and grammatical structures pupils will need. They need language 
support, not only for the appropriation of subject matter and scientifi c patterns, but 
also for the development of classroom activities. This tool was presented to the 
participating teachers at the end of the second session and they agreed to use it when 
planning single sessions or activities within a whole unit.

   Student teachers were invited to participate in all the teacher development ses-
sions of the Introduction Phase. However, some of them had to attend university 
course work in the evenings and were unable to join the sessions. In these cases they 
were offered specifi c training sessions in the university to be ready to collaborate 
with the assigned teachers. It is expected in the future that student teachers fully join 
the teacher development program. Although these students were trained in Inquiry 
based science education during the course on Didactics of Science, they lacked the 
pedagogical content knowledge on how to integrate it with English in primary 
classrooms.  

Activity title:

Description of the activity:

Scientific practice Discursive practice

Scientific demands Linguistic demands  

Scientific materials Linguistic supports

Science & English Integrated Learning Objective:

  Fig. 16.4    Tool for planning one integrated inquiry based science and English single activity high-
lighting the relationship between the scientifi c and discourse practices, and the scientifi c and lin-
guistic resources in English       
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    Design and Implementation Phase 

 The participating teachers and the assigned student teachers engaged into collabora-
tive design of the teaching units aiming at the integration of inquiry based science 
and English. During the period of 3 months they regularly met once a week in 
schools to assist each other in the planning and implementation of the teaching units 
in the teachers’ own classrooms. The teaching units were made available to all pro-
gram staff, participating teachers and student teachers for online revision. Both 
teachers and student teachers collected teaching materials, observations, and stu-
dents’ work so that the teaching innovation could be documented. Teachers pre-
pared a visual slide presentation for 15 min on the purpose, activities and results of 
the teaching unit implementation in their classroom with the assistance of student 
teachers.  

    Refl ection Phase 

 Finally, two sessions were devoted to teachers’ presentation for 15 min of their 
teaching units’ implementation, and a collective refl ection followed on these pre-
sentations. In addition, during the last session participating teachers were organized 
in small groups and were suggested to engage into program evaluation for 45 min. 

 The following list of suggested questions was provided to help them focus the 
evaluation conversation:

  (a) Let’s refl ect on the group work done  
   To what extent have the teacher development sessions contributed to the improvement of your 

classroom teaching? 
   How do you value the presentations of the participating teacher experiences? 
   In what ways have both science education and language education specialists’ presentations 

been useful to you? How would you improve their contributions? 
   What challenges on the Integration of inquiry based science and English are still important in 

your school and classroom? 
  (b) Let’s refl ect on the developed tools  
   In what ways have you used the developed tool in the planning of your teaching unit? 
   What strengths and weaknesses can you identify in the tool? 
   How would you improve the tool so that it is more useful for the planning of integrated 

inquiry based science and English teaching units? 
  (c) Let’s refl ect on the student teacher participation  
   To what extent has the participation of the student teacher been useful for your classroom and 

school? 
   In what ways has the student teacher helped you and the children during the implementation 

of the teaching unit? 
   What functions do you think students teachers should have in assisting the implementation 

of the teaching units? 
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       Outcomes 

 The outcomes of the program have been elaborated as a consequence of a refl ective 
process among the program staff. Data from the development of the program were 
collected through the following four types of instruments: (a) minutes of the staff 
meetings and the professional development sessions written by the doctoral student 
from the Science Education Department of UAB one week after each event; (b) 
educational materials written by the teachers (design of the teaching intervention, 
report at the end of the teaching intervention); and (c) individual evaluation ques-
tionnaire at the end of the program, and fi nal evaluation session. The major out-
comes can be grouped around the participation of each particular actor within the 
triadic partnership.  

    Program Staff 

 The program staff has found a fertile ground to continue working as a learning com-
munity at the intersection between science and foreign language acquisition in pri-
mary education. The staff meetings were long and usually intense since we needed 
to approach each other and understand the interactions and proposals set on the 
table. Along the collaboration, the program staff felt the strong need to make explicit 
their own science education and language education approaches in order to evaluate 
their compatibility. The challenge to be confronted in the near future is how to build 
a functional didactical framework that integrates a model based inquiry science edu-
cation approach and a communicative approach to foreign language education. The 
program staff is determined to support the collaboration and promote its growth in 
number of people involved, funding, geographical coverage and stability. The use of 
an electronic platform such as Moodle monitored by the program staff from CESIRE 
will be a necessary resource to maintain the learning community throughout the 
project overcoming the time lapses and geographical distances of both staff and 
participating teachers. Finally, some members of the staff have felt confi dent enough 
to participate in the dissemination of this experience in national and international 
conferences and events (Carrillo et al.  2016 ) indicating that the experience has been 
valuable for them and the rest of the program staff.  

    Primary Teachers 

 The primary teachers participating in this program have been strongly challenged 
and have been able to identify their strengths and weaknesses when teaching inte-
grated inquiry based science and English. These teachers were recruited based on 
their experience in the teaching of CLIL approaches in primary classrooms and they 
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freely accepted to participate in the program. Although the original program call 
was addressed to both primary science teachers and primary English teachers, the 
response came mostly from the English specialists. These teachers believed that 
science could be an optimal context for a functional approach to English learning in 
the primary classroom and wanted to learn more on how to do this. These teachers 
have appreciated the systematic refl ection on science teaching undertaken along the 
program development and the exposure to a different way to teach science based on 
direct experimentation with phenomena. The challenges experienced by the English 
teachers concentrate on grasping the nature of scientifi c practices, especially the 
modelling ones and the shift from experimenting to knowing. One of the teachers 
mentioned:  “I would like to better defi ne the shift from investigations to the acquisi-
tion of true scientifi c knowledge by children” . In addition, they have also expressed 
the need to expand their ability to present the science inquiry activities so that they 
become more authentic and functional contexts for both language and knowledge 
development. Their suggestions for improvement have pointed at the need to engage 
into collective planning of one teaching unit during the teacher development ses-
sions. This collective product would act as an example for all participating teachers 
when planning their own units in the school.  

    Prospective Primary Teachers 

 Student teachers from the English mediated Primary Education Graduate Program 
at the UAB have experienced their participation in the community as a real induc-
tion into the professional fi eld of CLIL approaches to content and language teach-
ing. During their university course work, they did not have many opportunities to 
experience such type of approaches since they were rather new in our geographical 
area. On the other hand, they felt comfortable with the inquiry based science educa-
tion approaches since they were offered specifi c science education courses on this 
topic. However, student teachers have been the most diffi cult partner to involve 
since they experienced scheduling diffi culties due to course work requirements. 
Practicing teachers highly evaluated the participation of prospective primary teach-
ers through statements such as bringing new visions to the work, improving the 
quality of English interactions in the classroom, and increasing primary students’ 
motivations. One of the practicing teachers commented: “ They were very helpful to 
us since one more teacher in the classroom is very enriching and motivating for the 
students”.  Student teachers’ participation has been considered fundamental since 
they acted as bridges between the school teachers and the program staff especially 
during the design and implementation phase. Given the important role played by the 
student teachers, the staff from the university is planning to develop formal, and 
thus more stable, undergraduate internships to facilitate their participation in the 
program.   
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    Conclusions 

 The triadic partnership was piloted for the fi rst time in the academic year 2014–
2015 as a way to promote the integration of inquiry-based science and English in 
primary education in Catalan schools, and has provided a scenario for successful 
collaborative and innovative teacher development processes. The fi rst strength of 
the teacher preparation model has been the explicit theoretical support provided by 
university and teacher educators from both science and foreign language education. 
The theory acted as an arena where to create boundary objects that were shared and 
negotiated among all participants. The boundary objects were supported by the 
theoretical framework of the program and became materialized as a dynamic tools 
used by all participants. At the end of the fi rst year, it became evident that these 
tools could be improved through theoretical refi nement, to make them closer to 
teachers’ ways of understanding, and through practical refi nement, to better adjust 
to the particular habitus of teachers’ planning. Research work needs to be done in 
order to investigate the use of these tools by prospective and practicing primary 
teachers when collaborating in the planning of teaching units. 

 The second strength of the program has been the composition of the learning 
community including school teachers, students teachers, university professors and 
teacher educators from both science and language education disciplines. All partici-
pants have developed a positive attitude towards the collaboration within such a 
diverse community and want to continue the work in the future. The program has 
included not only teacher development sessions but program staff substantive meet-
ings which have been proven to be crucial. However, the program needs to better 
articulate the participation of prospective student teachers so that they are offered 
more systematic scaffolding experiences into the collaborative planning of inte-
grated inquiry based science and English teaching in primary classrooms. It becomes 
clear that in the next future our particular triadic partnership will need to include 
three interwoven sequences of professional development appropriate for each part-
ner: student teachers, practicing teachers and program staff. 

 The third strength of the program points at its particular focus, that is, the attempt 
to systematically approach the integration of inquiry based science and English 
teaching in primary classrooms. Once the fi rst trial of the program has fi nished and 
evaluated, the staff agreed upon the need to introduce one or two more teacher 
development sessions, especially in the introduction phase. In doing so teachers 
would have more opportunities to refl ect on the meaning and use of discourse prac-
tices in inquiry based science. They would also be better prepared to identify the 
most appropriate linguistic demands and resources for second language acquisition. 
The obstacles primary English specialists need to confront when participating in 
this professional development program are high and lie around the issue of decen-
tralizing their teaching from just promoting English vocabulary learning in school 
science. Open approaches to science teaching and learning such as inquiry based 
science education demand students to use a diversity of language modalities, regis-
ters, and genres in order to be able to model natural phenomena. Here lies the poten-
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tial of this type of approaches to act as authentic contexts for both science learning 
and second language acquisition. 

 The teacher preparation model has proven to be so promising that two new sites 
will join in the next academic year: the University of Lleida and the University of 
Vic both in Catalonia, Spain. These two universities will create two new learning 
communities with the aim of promoting the integration of Inquiry based science and 
English in primary classrooms and primary science teacher preparation following 
the triadic partnership presented in this book chapter.     
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    Chapter 17   
 Processing Science Through Content 
and Language Integrated Learning (CLIL): 
A Teacher’s Practicum                     

     Margaret     Rasulo     ,     Anna     De     Meo     , and     Maria     De     Santo    

         Introduction 

    Non-language Subject Teaching and Reform Processes 

 In the last 40 years, the Italian education system has been swept by a deep reforming 
process aimed at innovating curricular requirements and in-service teacher training 
provision. In compliance with the latest reform of the upper-secondary school sec-
tor 1 , the Italian national curriculum for high school students now includes dual- 
focused education that goes by the name of CLIL (Content and Language Integrated 
Learning) aimed at improving the acquisition of subject content through a foreign 
language. Among the CLIL subjects chosen by the schools the most popular is 
Science. This is easily explained as many upper secondary schools with a long- 
standing tradition in Italy are science-based and go by the name of  Liceo Scientifi co , 
and those who teach Science in the senior year are required to attend a training 
course in order to obtain CLIL teaching qualifi cations. 

 The role of English is important in CLIL provision as it takes the lead over other 
European languages that are equally accredited as CLIL vehicular languages such 
as French, German and Spanish. However, the spread of English in these Expanding 
Circle countries (Kachru  1985 ), in which English is a foreign language rather than 
a second language, has taken different directions. In Italy, for example, the demands 
of globalization and internationalization processes have given a renewed impetus to 

1   Decree 88/2010, Decree 89/2010. 
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the teaching of English from primary to tertiary level education. Learners are now 
required to study it for specialized purposes and focus on the kind of English they 
actually need in order to compete with their European colleagues and communicate 
professionally and/or academically in the workplace or study environment. CLIL 
provision is Italy’s reform solution to prepare students for this challenge and such 
is the case of English for science education which is the focus of the present 
research study. 

 CLIL is a comprehensive methodology as it delivers subject content by making 
use of the more familiar approaches of foreign language teaching such General 
English Instruction and other more specialized language education approaches such 
as English for Specifi c Purposes (ESP). This approach, based on the teaching of 
special uses of language in such professional genres as the medical, scientifi c, eco-
nomic or legal, typically characterizes the English language curriculum of many 
Italian university departments and is also part of the general language curriculum of 
upper secondary schools. As both universities and schools are now faced with the 
need to increase their content-based language provision, and many are doing so by 
adopting CLIL, it is important to specify that this methodology tackles instruction 
from the standpoint of the ‘foreignness’ of the language, which means that it relies 
substantially on scaffolding techniques and accessibility processes that are part and 
parcel of general foreign language teaching and learning. It follows that science 
teachers need to be equipped to teach the language from different methodological 
angles and linguistic stances, which implies acquiring knowledge about how to 
exploit language teaching approaches and select the most suitable according to 
immediate student needs and requirements. The setback to this is that science teach-
ers do not always possess an adequate level of English to teach CLIL classes as they 
have most likely learned the language at school or in other contact situations such 
as travelling, and this means that they need to improve their own language profi -
ciency while attending CLIL methodology training courses.  

    Setting and Background 

 The setting of this research study is the CLIL-for-Science Diploma Course held at 
the Linguistic Center of the University of Naples “L’Orientale”. Although the pract-
icum model presented in the following sections of this paper complies with the 
general CLIL course design guidelines issued by the Italian Ministry of Education, 
University and Research, the core pedagogical principles underpinning the model 
are the result of research fi ndings of former training courses and continuous obser-
vation of teaching practices conducted by the authors who are also the University’s 
CLIL experts. The participants of this study, selected on a voluntary basis among 
the 20 teachers attending the course, are 5 Italian science teachers from 5 different 
science-based high schools of the Campania Region situated in Southern Italy. 

M. Rasulo et al.



307

In order to implement the model, these teachers were asked to collaborate with the 
English as a Foreign Language colleagues who are not involved in the Ministry’s 
CLIL training initiatives, albeit one of the CLIL skills to be acquired according to 
the same Ministry guidelines is that subject teachers should establish ‘fruitful 
partnerships with the language experts’. It is precisely this paradoxical aspect of the 
requirements that our study wishes to address as we fi rmly believe that the integra-
tion between the C (content) and L (language) of the CLIL acronym can only 
happen through the deliberate collaboration of the two professionals. In fact, the 
data collection tools employed in this project such as lesson plans, observation and 
refl ection grids, co-analysis debriefi ng notes and course materials are implemented 
by both practitioners. Indeed, the main goal of the practicum model encourages 
the collaboration of both the Science and English teachers in order to ensure that 
student learning is scaffolded and supported by both educators.  

    The Collaborative Nature of the Practicum Model 

 Collaboration is embedded in CLIL as both Science and English teachers need to 
familiarize with this new approach to the same extent as their students. This is a 
necessary condition in Italy where, as mentioned above, the majority of science 
teachers do not possess a high level of fl uency in the target language in order to 
teach a subject in a foreign language. What is more, one of the tenets of CLIL meth-
odology is the focus on subject discourse in order to improve comprehension of the 
subject delivered in the foreign language (Marsh  2002 ), and this understandably 
requires the intervention of the English teacher, whose role in this partnership is that 
of the ESP expert. For the sake of simplicity, the acronym ESP will be used hence-
forth in the article to refer to the language practitioner. This collaborative partner-
ship is strongly advocated by the authors as it also strengthens the science teacher’s 
methodological repertoire with the wealth of strategies, techniques and activities 
that characterize language teaching. 

 The study’s research questions are representative of the three main threads that 
run through the entire work and are therefore discussed in the various sections of 
the paper:

    1.    How can a CLIL professional training course best satisfy the needs of science 
educators in their quest for improved student understanding of the subject matter 
delivered in a foreign language?   

   2.    How can the professional relationship between science and foreign language 
teachers be encouraged as a result of a training course?   

   3.    How can these teachers effectively contribute to the target language development 
and profi ciency of their students?       
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    Teacher Preparation Model 

    The Diploma Course 

 The CLIL-for-Science Diploma Course was designed according to the general 
structure of the Italian Ministry of Education which includes three main compo-
nents. The fi rst is an advanced level general English language course, the second is 
a more specifi c English-for-Science course accompanied by video-recorded les-
sons, and the third is a CLIL methodology course consisting of workshops and 
online discussion forums. The staff members consisted of ESP and science teacher 
trainers as well as a team of CLIL experts. 

 For the purpose of this article, only the English-for-Science course is described 
in detail due to its specifi c focus on the selected eight functions and discursive 
strategies (Dalton-Puffer  2007 ) of academic English which, according to the authors, 
are necessary to achieve deep understanding of scientifi c content and materials. 
What is more, this course component constitutes one of the strongest links between 
the CLIL science teacher and the ESP teacher.  

    The CLIL-for-Science Practicum Model 

 The CLIL-for-Science Practicum Model (henceforth the practicum model or the 
model) is a training framework with phases, strategies and approaches, activities 
and materials explored during the workshop lessons and implemented by the trainee 
teachers in their own classrooms to prepare their fi nal course project. The model’s 
backbone is Tessa Woodward’s Loop Input Approach ( 2003 ) based on action 
research methodology. This approach afforded the opportunity to systematically 
implement the experience taking place within the training context and feed it back 
into the classroom environment for immediate trial. Figure  17.1  illustrates the pract-
icum’s design with the three components of the model placed at the left of the dia-
gram, and the main approaches at the right. The academic functions of English 
occupy the center of the diagram as this position highlights the crucial role they play 
as a language-based vehicle through which teachers learn to explore scientifi c 
content delivered in a second language during training sessions and in their own 
classrooms. It is important to remind the reader that since language teachers in Italy 

  Fig. 17.1    The CLIL-for-science practicum model       
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are not the direct recipients of training initiatives for CLIL teaching, ESP expert 
trainers worked with the science teachers during the practicum sessions on the 
various phases of the model so as to prepare them to do the same with the language 
colleagues in their own schools (Rasulo  2013 ). The following sections will provide a 
full description of the model’s components.

       English-for-Science Course 

 The eight language lessons of the English-for-Science component were supported 
by additional video-recorded segments which were delivered online on the Moodle 
platform of the University’s self-access center. Each 20-min video introduced the 
academic functions that the teachers explored during their face-to-face lessons as 
used in scientifi c contexts and scientifi c text types. The same functions were then 
discussed in the workshop lessons backed up by other language activities. This 
fl ipped learning lesson arrangement proved to be quite successful as teachers had 
the possibility to refl ect on the content of the videos and practice the functions with 
their students before sharing their views with the other fellow trainees. The frame-
work below lists these functional categories and their main purposes as well as the 
discursive strategies that these functions generate in terms of linguistic evidence. 

 Academic functions of English (Coyle  1999 ) such as those in Table  17.1  provide 
clarifi cation of the concepts of language  easifi cation  which, according to Bhatia 
( 1983 ), means facilitating content accessibility for deep understanding rather than 
oversimplifi cation of content stripped of any sort of cognitive challenge. Particularly 
interesting is the argument put forth by Dalton-Puffer ( 2007 ) that these discursive 
strategies have an underlying recognizable structure that is naturally embedded in 
language. It is precisely this structure that needs to be made explicit to students 
through what Walqui ( 2006 ) describes as a continuing scaffolding cycle of presenta-
tion and re-presentation of content. Teachers need to devise a series of activities in 
order to embed these support structures in the engagement, exploration and elabora-
tion stages of their lessons (Rasulo  2014 ). The practicum model as developed by the 
authors requires science educators to work with their language colleague in the 
exploitation of these functions in delivering their adjunct ESP lesson.

       Adjunct ESP Lessons 

 The success of the model largely depends on the effectiveness of adjunct ESP 
lessons. As these lessons support instruction from a more language-based approach 
to the study of scientifi c content, they are delivered by the ESP language teacher, 
but are co-planned with the subject teacher and, depending on the overall design of 
the CLIL syllabus, they can precede or follow the subject lessons. Adjunct lessons 
zoom in on the academic functions, but they also explore more specifi c items of the 
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    Table 17.1    Academic functions of English   

 Functions of English for science  Linguistic evidence 

 Classifying  How many kinds of… are there? 
   lustering techniques (mind maps, 

brainstorming) 
 How do we classify…? 
 Why are these grouped in this way? 

   outlines with headings and 
subclasses 

 How would you classify…? 
 Can you rank these according to…? 

   lists of items in each subclass with 
details and characteristics  Can you put these into the correct groups? 

 This can be classifi ed as… (because…)    organization of information in a 
logical way 

 Comparing and contrasting  Let’s make a comparison between … and … 
 … compared with/to …    comparison of data, processes, 

tables contrasting different 
subjects 

 Similarities/differences in … 
 In comparison with … 
 … Likewise/Similarly, … 
 Not only … but also … 
 This is actually the same as …. 
 This is similar to … 
 Is … different from … 
 What are the differences between … and? 
 Do they share any features? 

 Explaining and exemplifying  Simplifying: 
   naming and defi ning 
   objects, parts, purposes, etc. 

 That is to say… 
 …, meaning that… 
 Let me put this another way 

   describing how something 
   works 

 I’m going to explain…the reason for…the cause/result 
is… 
 Cause and effect: 
 Due to …, … 
 Owing to …, … 

   using sequencing 
   phraseology 

 Since/As …. 
 Because…/Because of…, 
 Owing to …, …    transitional words and 

   signposts  Since/As …. 
 Asking for explanations:  Giving details 
 Analyze    topic words 
 Assess    reasons 
 Choose 
 Decide 
 Describe  Choosing manageable topics 
 Discuss 

(continued)
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Table 17.1 (continued)

 Functions of English for science  Linguistic evidence 

   clear support examples  Identify 
   steps of the exemplifi cation 
   process 

 Illustrate 
 Prove 

   details arranged coherently 
 Hypothesizing and predicting  What if…? (What if we could predict earthquakes?) 

 Supposing…? (Supposing Germany had won WW2…) 
   before and now  Assuming… (Assuming that there is no energy loss, 

calculate the electrical energy used by the motor.)    making predictions 
   talking about probability  Suggest what might happen if…? (Suggest what might 

happen if we put salt in the water.) 
 What is the probability that + clause…? 
 What is the probability of ‘-ing’…? 
 How likely is it that + clause…? 
 Do you think + sub + will + verb…? 

 Questioning  Can/could/might: 
 What can you see? 

 Engaging students through  How might this change? 
 What might have happened if things had been different 
 Present continuous:    dialogic involvement to 

   think about the topic, or 
   acknowledge alternative 
   views 

 What are we studying? 
 Which exercise are you doing? 
 Future (going to): 
 How are you going to begin?    non-rhetorical and 

   challenging structures  Where are you going to start looking? 
 Present perfect simple: 
 How long has this happened for? 
 Look at these two maps. What has changed? 

 Sequencing  First of all 
 Thirdly 

 Identifying and defi ning  Afterwards 
 Following that 
 At fi rst 

   the components of an event,  Lastly 
   process, procedure, theory, etc.  After that 

 In the end 
 During 
 To start with 

(continued)
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content language which are typical of ESP methodology such as lexis, aspects of 
syntax, phraseology or formulaic expressions, and aspects of text genre. 

 The adjunct lessons are the point of intersection where content and language 
meet and it is through the delivery of these co-planned lessons that the partnership 
between the content and language teachers is nurtured.  

    The CLIL-Methodology for Science Workshops 

 The practicum model represents one of the possible responses to teaching language- 
driven content courses as it aims to provide trainers and trainees with a valuable 
professional course template aimed at developing course materials and activities to 
ensure accessibility and comprehensibility of science content to students with lim-
ited profi ciency in the language. At the same time, it aims to improve collaborative 
partnerships between science teachers and foreign language practitioners in order to 
strengthen the mutual recognition of roles and contributions. A phase-by-phase 
description of how the model was implemented is provided in Table  17.2 .

   At a glance it can be noticed that the partnership between the CLIL and the lan-
guage teacher is strongly advocated as both teachers are involved in each phase 
albeit the science teacher is obviously the one who acts as the major  liaison  between 

Table 17.1 (continued)

 Functions of English for science  Linguistic evidence 

   the purpose or function 
   within event, process, 
   procedure, theory, etc. 

 By… 

 Retelling 
   the events, steps, processes 
   within a given text in the o 
   order in which they occur 
 Generalization  Qualifying words or phrases: 
   providing evidence, 
   samples, examples to 
   support topic 

 among those studied 
 are likely to 
 one of the reasons 

 Using marked lexis  Employing discourse markers to draw attention: 
  ‘Yes, what you said is true , DNA is a very long and 
simple double helix molecule’ 

   creating emphasis 
   strategic foregrounding of 
   important meanings 
 Paraphrasing  layout (note form, outlines, mind maps, clusters) 

 employing Synonyms/antonyms to vary, compare, 
simplify, explain specifi c terminology and concepts 

   re-organizing the structure 
   of the subject in a more 
   familiar forms 
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the training environment and the school classroom. During the Preparation phase 
(1) the teachers co-plan their lessons by providing their professional expertise for 
both components using the same lesson template. In so doing, they are both account-
able for the success of each other’s part and are equally informed on the content of 
the lessons. The science and the ESP lessons are part of the Implementation phase 
(2) during which teachers have the opportunity to refl ect on the outcome of their 
part by using a self-observation tool. The Extension phase (3) is dedicated to debrief-
ing activities as the model heavily relies on pre and post co-analysis of lessons in 
order to encourage refl ection practices. To this purpose, the trainees posted their 
CLIL teaching lesson plans in the virtual community environment on the Moodle 
platform in order to receive continuous feedback from their trainers and, once back 
in the training classroom, the teachers had the opportunity to discuss outcomes. The 
formation of a learning community arranged with the support of fl ipped methodol-
ogy was strongly encouraged by the set-up of entire course. The teachers had the 
opportunity to interact asynchronously on the online forum with other participants 
and share their individual experiences as well as discuss their self-observation 
results, and this was accomplished under the moderation of the practicum experts 
who challenged the teachers by expanding on the issues or questioning their under-
standing of the implementation tasks. This ongoing and scaffolded activity encour-
aged both the trainers and trainees to be innovative while refl ecting on the question 
“What is CLIL fl uency in teaching Science”? This is the rationale behind the mod-
el’s existence, fi rstly because the concept of fl uency is generally associated with 
language, and in the CLIL environment this applies both to the language of  subject 
content  as well as to the language of  communication , and secondly because it is 
understood that acquiring subject content in CLIL depends on the fl uent use of the 
foreign language in order to perform the complex cognitive abilities that are required 
for knowledge acquisition. It follows that CLIL teacher training relies on teacher 
partnerships and on the catalyzing effects of both languages of instruction in order 
to create input that is accessible and comprehensible (Krashen  1985 ).   

   Table 17.2    The CLIL-for-science practicum model implementation phases and activities   

 Phases  Activities 

 1. Preparation phase: 
   science teacher with 
   language teacher 

 co-planning the CLIL science lesson 
 co-planning the ESP adjunct lesson 
 agreeing on aims and purposes 
 planning for observation 

 2. Implementation phase: 
   science teacher; 
   language teacher 

 delivering and observing the CLIL science lesson 
 delivering and observing the ESP adjunct lesson 

 3. Extension phase:
  science teacher with 
  language teacher 

 analyzing data collected through observation 
 re-formulating/re-directing aims and objectives 
through co-analysis of practice 
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    Materials 

 The materials presented in this section capture the essence of the training model and 
are therefore only a partial sampling of the ones actually employed by the teachers 
during the action research sessions. A very substantial role was played by observa-
tion and refl ection tools as the authors support the view that self-inquiry provides 
insight into the nature of quality teaching and works towards professional develop-
ment. The Table  17.3  lists the tools used by the science and ESP teachers during the 
three phases. A brief description of each as well as a sample tool are also provided.

   The checklist of questions (Table  17.4 ) that was used during the teacher prepara-
tion phase was designed according to Schön’s ‘refl ection-on-action’ theory ( 1987 ). 
It is a simple tool which uses ‘thinking-aloud’ strategies to discuss what teachers 
aim to accomplish.

   The answers to these questions and the subsequent discussion contributed to the 
actual implementation phase of the model and the creation of the lesson plan tem-
plate below which was used to coordinate activities and select the CLIL aspects that 
both teachers wanted to focus on during their lessons (Table  17.5 ).

   During the implementation phase, as teachers were also putting to practice the 
newly-acquired concepts in their own classrooms, it was necessary to use a self- 
observation tool co-designed by trainees and trainers during the workshop sessions 
to record the lesson events as they were actually experienced. The items of the tool 
inquired about the strategies whose outcomes the teachers were asked to notice and 
record after the lesson by simply ticking one of the adjectives that best described the 
extent to which they had been marginally, suffi ciently or totally successful in per-
forming them. By looking at the overall results, the only issue which received a 
totally successful response from all 10 teachers was related to the safe learning 
environment of their classrooms which encouraged students to express their needs. 
Transitioning back to the CLIL lesson or back to the ESP lesson by creating deliber-
ate links through the use of materials or activities received a more hesitant response. 
The same dubious results were reported by the teachers regarding materials selec-
tion and adaptation. Both language and science teachers were indeed unsure about 
the amount of exposure they were giving students through the content and language 
information contained in the text types in order to maximize both scientifi c concepts 
and ESP language features. The nature of this reply confi rms the fact that the avail-
ability of adequate science CLIL materials on the market is limited in Italy, leaving 
teachers with the arduous task of creating in-house materials which, on one hand, 

  Table 17.3    Observation 
tools and the three phases of 
the practicum course  

 Phase  Data collection tool(s) 

 1. Preparation phase  Checklist of questions 
 2. Implementation phase  Lesson plan template 
   Science lesson  Self-observation tool 
   ESP lesson 
 3. Extension phase  Co-analysis of practice 

observation fi eld notes 
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are more interesting and effective, but on the other, are extremely time-consuming 
to put together. As regards the use of strategies for text readability and accessibility 
such as using English frequently to check for understanding, clarifying language 
and reformulating concepts, as expected, the language teachers seemed to be more 
familiar with them, differently from the science teachers, who were at that moment 
being trained in language-based methodology. Continuous assessment also seemed 
to concern all 10 teachers who admitted that their present strategies mainly con-
sisted of measuring student performance through written tests and oral questioning, 
albeit the language teachers were aware of other ways of assessing student learning. 
The extension phase was characterized by a post lesson debriefi ng discussion 
between the two teachers. This co-analysis of practice (Banks et al.  1995 ) afforded 
the opportunity to compare notes form the self-refl ection tool and discuss strengths, 
weaknesses and the way forward. This tool guided thinking processes towards eval-
uating the extent to which they were able to create a content and language integrated 
lesson. Both the language teachers and the science teachers believed that the most 
signifi cant strength was the ability to generate increased dialogue among the stu-
dents due to the discussion sparked by the presence of specifi c lexical items and 
syntax structures in the variety of text types belonging to the scientifi c genre. The 
weaknesses were identifi ed by both teachers in the areas of materials availability, 
adaptation and creation, and in the coordination between the teachers in carrying 
out inclusive assessment procedures that would take into account both content and 
language.  

   Table 17.4    Checklist of questions   

 1. Preparation phase  which content objectives, which language objectives? 
 how much time do we need? 
 what resources do we need? 
 what do we expect from students? 
 how do we develop awareness that both lessons are working 
towards the same objectives? 
 do we need to give feedback/assessment? when and how? 
 how should we observe the lesson? tools? 

 2. Implementation phase  what teaching materials do I need? 
 should I create a handout for students to study from? 
 what should students do during the activities? 
 how do I create a link with the other lesson? (content-language) 
 do they need to produce something? 
 how do I assess them? what should I assess? 

 3. Extension phase  what are the positive aspects? 
 what are the weaknesses? 
 what needs to be changed? 
 what is still missing? 
 when would be the best time to discuss experience and results? 
 what is the way forward???? 
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   Table 17.5    Lesson plan template   

 Title of lesson 

 Class 
 Time frame 
 Content learning objectives  Objectives that the students will need to achieve 
 (the science teacher)  Specifi c content/topics 
 Language 
learning 
objectives (the 
language 
teacher) 

 Specifi c lexis  Subject-specifi c lexis that characterizes the 
lesson/s 

 Syntax structures/
language chunks 

 Subject/text specifi c grammar items and 
structures 

 Skills focus  Language skills 
 Research skills 
 Study skills 

 CLIL academic functions  Cognitive skills that the students should execute 
in order to complete the activities 

 CLIL teacher and ESP language teacher 
coordination 

 Contribution that is expected to link the content 
lesson to the language lesson (specifi c academic 
function(s), specifi c skill needed to explore the 
readability or simplifi cation of a written or oral 
text, grammar support work, etc.) 

 Personalization of content (if pertinent)  Connections that can be made between the 
content and distinctive cultural aspects (society, 
everyday activities, etc), particularly those that 
involve student life and everyday environment. 

 Teacher activities  Description of teacher activities such as: 
 1.  1. Warm-up elicitation activity 
 2.  2. Presentation of content 
 3.  3. Asking for feedback 
 Student activities  Activities that are expected from students that 

correspond to teacher activities  1. 
 2. 
 3. 
 Group dynamics  Student grouping should be specifi ed for each 

activity: group work, individual work, pair work, 
whole class activity, etc 

 Expansion/fi nal product  Projects/activities that students should complete, 
usually as a culmination of what they have 
learned during the unit. 

 Resources/materials  Resources and materials prepared by the teacher 
or by someone else that will be used throughout 
the unit. All will include a reference as to where 
the materials were found. 

 Assessment  Specifi c skills to be evaluated/assessed and the 
form of evaluation/assessment. 
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    Setting Up the CLIL-for-Science Diploma Course 

 Any decision to implement a highly complex training activity such as that required 
for CLIL teaching involves monitoring the feasibility, the effectiveness and the 
impact of the course on trainees, on the training institution and on the team of 
experts. Discussing course set-up towards the end of the paper was the authors’ 
intentional choice so as to dedicate enough space to this component without being 
infl uenced by the complexities of the model’s implementation phases. 

    Testing Teacher Beliefs 

 Although this course focused on teaching Science through CLIL, it was necessary 
to tap into the teachers’ prior knowledge of CLIL methodology in general terms. 
Thus, the fi rst tool was a simple Likert format questionnaire with three-scale adverbs 
stating whether the teachers strongly disagreed, agreed, strongly agreed with the 
issues presented by the items. The same questionnaire was administered by the sci-
ence teachers to their ESP colleagues in their individual schools. 

 Results from this tool show that both science and language teachers believe that 
in CLIL teaching there should be a reduction in the use of the fi rst language whose 
interference can cause confusion and slow down the process of learning the subject 
through the foreign language. The teachers’ attitude towards who should focus on 
meaning and who should deal with aspects of form reveal a ‘role claiming’ atti-
tude by affi rming that these two aspects should be kept separate and each practitio-
ner should deal with their own area of expertise. The science teachers, in addition, 
also claim that it is their responsibility to teach content-specifi c terminology while 
the contribution from the language teachers should be the teaching of grammar. 

 As concerns the materials and activities section of the questionnaire, the 
responses show that ready-made materials and recipes are always preferred to more 
in-house preparation and adaptation of content. Working towards increasing acces-
sibility while preserving content authenticity takes away far too much time and, 
according to all of the teachers, it is not their responsibility but that of textbook 
editors. The answers to these items were precious as they led to the presentation and 
exploitation of discursive strategies to be used by the teachers during the various 
phases of the practicum for the benefi t of making content both comprehensible and 
meaningful. Other items questioned the possibility of envisioning a role for lan-
guage teachers in CLIL provision. The response provided by all the teachers express 
a general confusion linked to the identifi cation of a specifi c area of intervention for 
each practitioner, but assessment seems to be one of the most disorienting and 
weakest links. Responses also reveal that CLIL fails to be seen as a joint effort sup-
ported by whole-school recognition, and it was this response that led to the presen-
tation of teacher partnerships as one of the tenets of the practicum model.  
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    Assessing Feasibility of Course Set-Up 

 The implementation phase of the course was also observed throughout the entire 
process as the authors conducted a continuous progress check that consisted in 
inquiring about course dynamics by using a simple list of questions:

 –    Are the teachers expressing frustration in terms of constraints of time and con-
tent load, coordination between the training environments (training room, the 
classroom, the online forum) and each individual phase of the model?  

 –   Are the teachers comfortable in expressing their individual needs? Is the climate 
of the training experience pleasant and fl exible? Are confl icts between the sci-
ence teachers and the language colleagues discussed and dealt with during the 
course?  

 –   Are the trainers responsive to the teachers’ needs by providing regular 
feedback?  

 –   Are the trainers providing examples of practice?  
 –   Are the teachers reacting to trainer feedback?  
 –   Are the course objectives being met by the activities the teachers are asked to 

carry out?  
 –   Are the teacher trainers expressing diffi culties themselves in terms of constraints 

of time, content load and the coordination of the three course components and 
each individual phase?    

 The answers to these questions led to the creation of a course assessment check-
list which was used regularly to observe the individual phases of the entire diploma 
course. The results of the observations have provided useful insight into the feasibil-
ity of the practicum model in terms of teacher knowledge acquisition and other 
signifi cant aspects which include the model’s weaker and therefore critical areas. 
These aspects are presented as outcomes in the following section.   

    Outcomes 

 CLIL methodology offers an ecological framework that facilitates purposeful learn-
ing (Marsh 2011), which means that when students are exposed to the information 
they are required to learn such as their science content, and when they are provided 
with opportunities to use this information, their learning is cognitively more com-
plex and challenging. Thus, the recall of the information itself is also facilitated 
(Anderson  1993 ; Mehisto et al.  2008 ). It is the authors’ view that, along with the 
more specifi c outcomes that are discussed below, the general outcome of the study 
is the meaningful learning that is encouraged by offering a solution that revisits the 
role of foreign language methodology in terms of what it can do to support science 
education delivered in second language environments. 
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    Teacher Knowledge Gain and Appraisal 

 As a form of objective fi nal assessment used to award marks at the end of a diploma 
course, the writing of a thesis and a thesis discussion with the CLIL experts was not 
an option as it is a requirement in Italian universities. Thus, the science teachers 
wrote a thesis on their individual action research project structured as follows: 
Project description, Aims, Methodological background, Materials, Implementation, 
and Results. 

 The authors remind the reader that although these projects were carried out with 
the contribution of the language teacher and the adjunct ESP lesson component, the 
thesis was discussed by the science teacher alone through the preferred mode of 
power point presentations of all the materials and texts created to teach the co- 
planned lessons. By examining both the individual projects and the oral presenta-
tions, the teachers’ level of knowledge gain was assessed by the CLIL experts 
according to the following set of criteria:

 –    degree of integration between content and language as manifested by co-lesson 
planning and transforming plans into action;  

 –   degree of awareness of second language teaching as manifested in the implemen-
tation of a variety of approaches and activities;  

 –   degree of change occurring in teacher discourse as manifested by the use of the 
language of teaching (academic functions, specialized terminology deriving 
from CLIL methodology and foreign language teaching);    

 The teacher’s project was then awarded a fi nal mark based on a scale consisting 
of the following adjectives: fail, average pass, pass, good pass, pass with merit. The 
marks awarded to the fi ve science teachers participating in this study are positioned 
between four teachers with a good pass and one teacher with a pass with merit. 

 A form of continuous assessment was also implemented during the course. This 
was the analysis of the teachers’ forum contributions which were assessed by the 
moderators according to the following set of behavioral criteria: frequency of par-
ticipation, clarity of information asked and given, evidence of critical thinking, and 
ability to focus on issue. Each criterion was given a score based on a 1–4 scale 
(1 = not satisfactory, 2 = adequate, 3 = good, 4 = excellent). The moderators then sub-
mitted a written description of each teacher’s online contribution which became part 
of the overall mark.  

    Partnership-Building Capacity 

 The model enforced and brought to the surface the collaborative effort between sci-
ence and language educators that would have otherwise remained unexplored. 
Teacher partnerships encourage the students’ use of authentic language as experi-
enced through content, thus resulting in a renewed need to learn the language itself 

17 Processing Science Through Content and Language Integrated Learning (CLIL)…



320

(Linares  2012 ), and a scientifi c text has an increased chance of being interiorized as 
the concepts themselves are under closer scrutiny while being discussed from a 
more linguistic point of view (Van Dijck  2008 ). The students’ exposure to both 
language and content is therefore doubled by approaching the scientifi c material in 
different but complementary ways.  

    Accessibility and Comprehensibility of Scientifi c Concepts 

 The academic functions presented in Table  17.1  improve scientifi c content accessi-
bility through language scaffolding devices rather than through translation from the 
fi rst to the second language. These devices, if properly exploited, do not oversim-
plify the texts by stripping them of their fundamental scientifi c explanations, but 
afford students the opportunity to work with the texts by manipulating them in vari-
ous ways.  

    Transferability to Second Language Environments 

 Although the language context of this study is English as a foreign language, the 
authors believe that the model can also be applied to second language contexts. In 
fact, the model’s scaffolding techniques such as reinforcing study skills, working 
with language functions and text adaptation to enhance comprehensibility as well as 
preserving the conceptual load of the subject can also help second language stu-
dents who are not necessarily underachievers, but are experiencing content learning 
diffi culties due to the language barrier, which is also the foreign language student’s 
main obstacle. 

 Critical areas have also been identifi ed and therefore need to be addressed in 
future applications of the model especially considering that university language 
centers are the only institutions that have the Ministry’s approval for CLIL teacher 
training initiatives.  

    Complex Relationships 

 The fi rst and foremost critical area dealt with the process of encouraging interdisci-
plinary relationships between science teachers and language teachers. Indeed, this 
process was not always smooth due to role sensitivity and the exclusion of the lan-
guage teachers from CLIL training and therefore from the basic information about 
CLIL. However, as this standard is part of ministerial CLIL policy and therefore not 
under the control of those who implement the courses, it is even more pressing to 
encourage collaboration through practicum activities.  
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    Overload of Course Materials 

 One of the most demanding aspects of the practicum was the teachers’ diffi culty in 
keeping up with all the course materials, especially with those dealing with foreign 
language methodology, which is not the science teachers’ familiar area. A reformu-
lation and a different organization of materials is an issue to deal with in future 
courses.  

    Assessment Procedures 

 Conducting assessment activities in conjunction with the language teacher was a 
challenging activity as argued throughout the article and expressed many times by 
the teachers themselves, and should therefore be given more space. If we consider 
that CLIL methodology is being progressively introduced in Italian education from 
primary to tertiary levels, the ability to collaborate with language teachers in assess-
ing students so as to encourage a continuum of language learning practices rather 
than separate experiences is now a crucial asset for science teachers.   

    Summation 

 European internationalization processes, especially those concerning the dissemi-
nation of scientifi c knowledge, have progressively been introduced in Italian educa-
tional settings in the last decade. In tertiary education, for example, students now 
have the option to obtain medical degrees entirely delivered in English, and primary 
and secondary education offers at least one curriculum subject taught in a foreign 
language. However, CLIL instruction is not without diffi culties and the students are 
the ones who experience its complexities the most because they face the additional 
challenge of learning subject content in a foreign language. Therefore, as is the case 
with many other innovative educational approaches, teacher practitioners and 
researchers must fi nd ways to facilitate the integration of language, content and 
learning skills so that motivation to learn does not diminish. Teaching partnerships 
in the CLIL science classroom are strongly advocated in this study as one possible 
strategy to help teachers and students progress towards an authentic and signifi cant 
learning experience, characterized by smooth transitions from one lesson to the 
other, and from one instructional language to the other. 

 The authors suggest that notwithstanding the overall optimistic results obtained 
from the practicum model, in order to confi rm its validity, the involvement of an 
increased participation from the teachers is necessary in order to collect a larger 
corpus of data. Further research especially involving student voices is also required. 

17 Processing Science Through Content and Language Integrated Learning (CLIL)…



322

To this purpose, it is necessary to investigate student interest levels, cognitive 
 development issues as well as persistent diffi culties concerning the achievement of 
CLIL fl uency in both their science and language classes.     

   References 

    Anderson, J. (1993).  Rules of the mind . Hillsdale: Erlbaum.  
   Banks, F., et al. (1995). Mentoring E8JO.  Master of arts in education . Milton Keynes: Open 

University.  
   Bhatia, V. K. (1983). Simplifi cation v. Easifi cation. The case of legal texts.  Applied Linguistics, 

4/1 , 42–54.  
    Coyle, D. (1999). Theory and planning for effective classrooms: Supporting students in content 

and language integrated learning contexts’. In J. Masih (Ed.),  Learning through a foreign lan-
guage . London: CILT.  

     Dalton-Puffer, C. (2007).  Discourse in Content and Language Integrated Learning (CLIL) class-
rooms . Amsterdam/Philadelphia: John Benjamins.  

    Kachru, B. B. (1985). Standards, codifi cation and sociolinguistic realism: The English language in 
the outer circle. In R. Quirk & H. G. Widdowson (Eds.),  English in the world: Teaching and 
learning the language and literatures  (pp. 11–30). Cambridge: Cambridge University Press.  

    Krashen, S. (1985).  The input hypothesis: Issues and implications . California: Laredo Publishing 
Co Inc.  

    Linares, A. T. (2012).  The roles of language in CLIL . Cambridge: Cambridge University Press.  
   Marsh, D. (Ed.). (2002). CLIL/EMILE- The European dimension: Actions, trends and foresight 

potential.  Public Services Contract DG EAC: European Commission .  
    Mehisto, P., Marsh, D., & Frigols, M. J. (2008).  Uncovering CLIL – Content and language inte-

grated learning in bilingual and multilingual education . Oxford: Macmillan Publishers.  
   Rasulo, M. (2013). Co-analysis of practice: A mentoring strategy.  Lingua e Nuova Didattica . 

Edizioni Studio Calabiana, 4/13–24.  
   Rasulo, M. (2014). Popularizing the CLIL classroom. In C. Williams (Ed.),  ESP Across Cultures.  

University of Foggia, EDIPuglia, 11, 121–134.  
    Schön, D. (1987).  Educating the refl ective practitioner . San Francisco: Jossey-Bass Publishers.  
    Van Dijck, M. (2008). The science and journalism of the Belgian economist Gustave de Molinari. 

 Science in Context, 21 (3), 377–402.  
    Walqui, A. (2006). Scaffolding instruction for English language learners: A conceptual frame- 

work.  The International Journal of Bilingual Education and Bilingualism, 9 (2), 159–180.  
    Woodward, T. (2003). Loop input.  ELT Journal, 57 (3), 301–304.   

  Webliography 

  CLIL: An interview with Professor David Marsh (2011). International House Journal of Education 
and Development (Retrieved November 1 2015).  

    http://ihjournal.com/content-and-language-integrated-learning         

M. Rasulo et al.

http://ihjournal.com/content-and-language-integrated-learning


323© Springer International Publishing Switzerland 2017 
A.W. Oliveira, M.H. Weinburgh (eds.), Science Teacher Preparation in 
Content-Based Second Language Acquisition, ASTE Series in Science Education, 
DOI 10.1007/978-3-319-43516-9_18

    Chapter 18   
 Science Workshop: Let Their Questions Lead 
the Way                     

     Sara     E.  D.     Wilmes    

         Introduction 

 Science Workshop is an integrated science and language literacy program piloted 
and implemented by primary school teachers in multilingual classrooms in 
Luxembourg. Grounded in theories supporting the integration of inquiry-based sci-
ence education and language learning, Science Workshop consists of a teacher pro-
fessional development program and instructional approach that engages students in 
inquiry arising from their questions in meaningful learning contexts. In this chapter 
I detail the strategies and resources used in Science Workshop, a science program 
which is attuned to student’s voices as they question and conduct science investiga-
tions, and show how the program supported teachers in implementing integrated 
science and language literacy instruction at the primary level. Specifi cally, I discuss 
how Science Workshop supported the formation of heteroglossic language learning 
spaces within the confi nes of a system guided by monoglossic language policies.  

    Project Context 

 The Science Workshop Teacher Professional Development (TPD) Project arose 
from a multi-year research program supported by Luxembourg’s national science 
funding body (Fonds National de la Recherche (FNR)) and the University of 
Luxembourg. The project details I share in this chapter arose from our team’s work 
during the full-year program pilot (2013–2014), and the fi rst full year of program 
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implementation (2014–2015). During the pilot phase, our University-based TPD 
coaching team co-taught several Science Workshop units in a multilingual class-
room in a mid-sized city in Luxembourg. In this chapter I draw from both our own 
classroom experiences piloting the project, and the data resources from the 20 plus 
teachers who successfully implemented Science Workshop in their primary school 
classrooms to show how this model successfully supported teachers as they adapted 
and used the program. 

    Luxembourg’s Language Landscape 

 The language landscape in Luxembourgish schools, as in many countries, is com-
plex. Teachers are fl uent in at least the three national languages; Luxembourgish, 
German, and French. The student population in Luxembourg is increasingly diverse 
and multilingual with 49 % being non-Luxembourgish (MENJE  2016 ). This means 
that many students speak at least one additional non-national language at home, 
while being schooled in the three national languages. The teachers participating in 
this program implemented Science Workshop at a range of grade-levels (ages 5 
through 12 years-old) in public primary schools that utilize Luxembourg’s national 
competency-based curriculum. This national curriculum supports a trilingual pro-
gram with students conducting classroom business in Luxembourgish, and learning 
German and French literacy as isolated school subjects at the primary level. In this 
sense, the Luxembourgish language approach is monoglossic, which, as described 
by García ( 2009 ), are educational settings in which “each language is carefully 
compartmentalized” (p.115). Additionally, from 7 years of age students learn sci-
ence  through  the German language. Since German is a second or third language for 
many students (Luxembourgish or another language being their fi rst), this means 
that almost all of Luxembourg’s student population learns science at the primary 
level through a second or third language. These contextual factors taken as a whole 
underscored the need for a program that supported teachers in a) integrating science 
and language instruction, and b) teaching in ways that fl exibly support students who 
are learning both science and an additional language (in this case German) within 
what can be considered a ‘traditional’ trilingual education system. 1  In the sections 
that follow, we detail the approach we used to prepare teachers to address both lan-
guage learning and science learning needs in synergistic ways.  

1   While the linguistic landscape of Luxembourg is unique in the trilingual demands it places on 
students, it is similar in many ways to those found in varying degrees in every country. Whether a 
student is learning multiple languages, or one language (keeping in mind that science is also a 
culture and language itself (Cobern and Aikenhead  1997 )), Science Workshop can support teachers 
in the integration of science and language in ways that lead to both language and science learning, 
even in schools with apparently ‘homogeneous’ language landscapes. 
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    Project Development 

 Science Workshop is a TPD model and science instructional program developed by 
our science education team at the University of Luxembourg. The team consisted of 
a university professor and two doctoral students, all three of whom had extensive 
experience working with primary age students and developing science education 
programs. The development of Science Workshop took place following what we 
learned about science and language instruction in Luxembourgish primary schools 
during the implementation of the Fibonacci Project (  www.fi bonacci-project.eu    ) in 
Luxembourg from 2010 to 2013. During this time our team assisted in the support 
of inquiry science instruction in several schools in Luxembourg, and gained fi rst- 
hand experience through observations and discussions with teachers that led us to 
identify central facets of a science instructional program that could address key 
language and science instructional needs. These facets, aligned with the needs 
described by teachers, formed the backbone of the program and provided the theo-
retical foundations for the program we developed, Science Workshop.   

    Theoretical Foundations 

 Science Workshop consists of a teacher professional development program and 
instructional support grounded in three key theoretical features arising from prac-
tices science and language education research has shown can be effective, namely:

    (i)    The use of students’ questions to drive the inquiry-based science learning pro-
cess (Exploratorium  2006 ; Gallas  1995 ; NGSS Lead States  2013 ),   

   (ii)    The integration of language literacy and inquiry-based science instruction 
(Cervetti et al.  2012 ; Lee and Fradd  1998 ; Stoddart et al.  2010 ; Varelas and 
Pappas  2013 ), and   

   (iii)    The construction of informal heteroglossic language spaces (Flores and 
Schissel  2014 ; Garcia  2009 ) as places for students to fl exibly learn both com-
municative competencies and science both in and through a second or third 
language.     

 I elaborate the theoretical underpinnings of each of the three key features in the 
sections that follow and describe how each plays a role in the Science Workshop 
professional development and instructional support program. 

    Students’ Questions Drive the Inquiry Process 

 Over a decade of education research has established the merits of inquiry-based sci-
ence education (IBSE) and its positive infl uence on student science learning (Minner 
et al.  2010 ; Rocard et al.  2007 ). IBSE is rooted in socio-constructivist theories of 
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learning and engages students in actively making observations, posing questions, 
planning investigations, interpreting data and communicating results to diverse 
audiences (Minner et al .   2010 ; National Research Council  2012 ; Worth et al.  2010 ). 
Research has established that IBSE is particularly valuable in multilingual contexts, 
such as encountered in Luxembourg’s schools, because students construct meaning 
as they experiment, question, and communicate, and thus IBSE provides a rich and 
authentic context for language development (Haneda and Wells  2010 ; Lee and 
Fradd  1998 ). 

 The inquiry instructional model employed by Science Workshop fi rst engages 
students with a phenomenon, and from this initial engagement students are asked to 
generate questions. These questions are then used to lead students into deeper 
inquiry (Exploratorium  2006 ; Gallas  1995 ; vanZee et al.  2001 ). Eliciting students’ 
questions in this way accomplishes two goals simultaneously. First, it engages stu-
dents in a key process of scientifi c inquiry (NGSS Lead States  2013 ). Second, it 
opens the door for students to voice their wonderings and interests. This is valuable 
for students in that their voices – and their unique interests, worldviews, and percep-
tions – are revealed. This is at the same time valuable for teachers in that they are 
afforded a view into their students’ curiosities and are then able to use this informa-
tion to tailor science and language instruction.  

    Instruction Integrates Inquiry-Based Science and Language 
Literacy 

 Research has established that inquiry-based science instruction that integrates lan-
guage literacy skills (reading, writing, speaking and listening) presents synergistic 
opportunities for students to learn both language literacy and science (Cervetti et al. 
 2012 ; Stoddart et al.  2002 ). IBSE supports this in that students construct meaning as 
they experiment, question, and dialogue, and write about their inquiry experiences. 
Thus they are provided with a rich and authentic context for literacy development 
(NRC  1996 ; Lee and Fradd  1998 ). Science Workshop utilizes this approach in that 
it incorporates complex and appropriate literacy learning tasks embedded within 
context-rich inquiry science lessons.  

    Heteroglossic Spaces Allow Students to Flexibly Utilize 
Communicative Resources as They Engage in Inquiry-Based 
Science 

 Today, many bilingual and multilingual primary school programs in Western cul-
tures remain monoglossic in nature. This means that multilingual students are, more 
often than not, required to use one language at a time in learning settings (Garcia 
 2009 ). This view of multilingualism, Garcia explains, views each language as a 
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discrete separate entity and values the fl uent speaker of the language as the desired 
learning goal. For example, in Luxembourg students who speak Portuguese at home 
and who attend Luxembourgish primary schools will fi nd that at the age of fi ve they 
are expected to speak only Luxembourgish in their daily classroom learning rou-
tines. When they reach fi rst grade, they begin to learn German literacy as a subject, 
and one year later French literacy. Rarely are French, German, and Portuguese used 
in systematic synergistic ways to help the students learn any of the other languages. 
They are judged throughout their schooling relative to fl uent French and German 
speakers. This is a monoglossic school environment. The work of several education 
and linguistics scholars including Garcia ( 2009 ) have drawn attention to the fact 
that this monoglossic approach to multilingualism does not refl ect the fl uid, fl exible 
ways in which students draw on a mixture of semiotic resources during their time 
outside of school. In contrast to monoglossic learning spaces, heteroglossic learning 
spaces, in which students are able to fl exibly use semiotic resources fl uidly without 
regard to bounded languages as they learn, are more benefi cial for the multilingual 
students’ educational career (Flores and Schissel  2014 ; see also Blackledge and 
Creese  2014 ). 

 The concept of heteroglossia is derived from Bakhtin’s ( 1981 ) notion of multi- 
voicedness. At its core it means the valuing of more than one ‘voice’ speaking at the 
same time either within a single language or a text. 2  In our work we take heteroglos-
sic to mean spaces within which students and teachers are able to incorporate more 
than one voice, more than one language, or more than one semiotic resource for 
expression, communication and learning. We designed Science Workshop to sup-
port teachers and students in engaging in learning that draws upon, and makes inten-
tional space for multi-voicedness (Bakhtin  1981 ) as students synergistically learn 
both science and languages. For this reason, Science Workshop is built upon a peda-
gogical stance that incorporates instructional approaches that allows students to 
draw from their full linguistic repertories (Otheguy et al.  2015 ). Additionally, as 
was shown in the work of Flores and Schissel ( 2014 ), we feel that the inclusion of 
heteroglossic spaces in instruction is a way for educators to carve out spaces that 
value students diverse resources as they learn, and that push back at national educa-
tion schemes aimed at producing monoglossic speakers of nationalized languages. 
In the sections that follow we describe the Science Workshop TPD program and its 
use in classrooms in Luxembourg.   

    Teacher Professional Development Model 

 Based on practices that have been shown can be effective in language and science 
education professional development (Lee  2004 ; Loucks-Horsley et al.  2009 ) the 
TPD program involved a combination of three key features; a teacher workshop 

2   For a more complete discussion of Bakhtin’s concept of ‘heteroglossia’ see Blackledge and 
Creese ( 2014 ). 
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series, material support, and ongoing coaching support. An overview of a single 
year of the TPD program is shown in Fig.  18.1 . Next we describe each of these 
features.

   Teachers participated in two half-day sessions in the beginning of the school year 
over the course of 1 week. The purpose of the workshops were to familiarize teach-
ers with the theoretical underpinnings of the program, to allow them to experience 
inquiry rooted in questions fi rst-hand, and to prepare them to use this learning 
approach in their classrooms. A brief overview of each of the two three-hour days is 
shown in Fig.  18.2 . The two topics of inquiry we used in the workshops were worms 
and snails. These subjects were chosen as they are typically taught in Luxembourgish 
primary school classrooms, and are easy to obtain in our environment. We chose to 
work with topics the teachers typically teach using transmission-learning based 
activities in order to provide teachers with the opportunity to compare how they 
typically teach these topics with the Science Workshop approach.

      Inquiry Science Driven by Students’ Questions 

 The science inquiry instructional model that serves as a foundation for the Science 
Workshop was derived from a conceptual model developed for The Fibonacci 
Project (  www.fi bonacci-project.eu    ), conducted Europe-wide from 2010 to 2013. 
After its implementation in Luxembourgish schools, we adapted it based on instruc-
tional guides for inquiry based on students’ questions developed at the San 
Francisco-based Exploratorium ( 2006 ). We emphasized to the teachers that inquiry 
is driven by the interests and questions of the students and as such focuses specifi -
cally on their situated, contextual view of the topics being explored.  

    Integrated Inquiry-Based Science and Language Learning 

 Within each stage of inquiry, literacy tasks were integrated that served as instruc-
tional opportunities. Each was strategically selected to start with a more context- 
embedded less-linguistically demanding task. These were then followed by less 
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  Fig. 18.1    Science workshop’s year-long teacher professional development (TPD) program       
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context-embedded, more demanding tasks. For example, teachers were asked to 
fi rst discuss verbally with a partner what they were wondering about worms. Next, 
they were asked to individually write a list of questions in German about worms in 
their science journal. In this way the person doing the questioning is fi rst provided 
with social support (the ability to speak informally with a partner) and then is asked 
to complete the more linguistically demanding task (writing the questions in German 
in the science journal). This approach, derived in part from the theoretical founda-
tion described by linguist Jim Cummins and illustrated in Cummins’ Matrix ( 1984 ) 
shown in Fig.  18.3 , is one way to visualize the complexity of language tasks.

   Science Workshop integrates literacy tasks in such a way so that they start out 
less demanding (in both a language and science sense), and then shift to more 
demanding tasks as students build language skills. Cummins’ matrix provides a way 
to conceptualize these aspects of integrated literacy tasks, and helps teachers 
 contemplate ways to build and extended students’ science and language skills across 
tasks. 3  Examples of how these tasks can be conceptualized a long a continuum in 
order to support growth in language ability and science understanding are shown in 
Fig.  18.4 .

3   For a more in depth discussion of the development of Cummins’ matrix see Cummins ( 1984 ). 

  Fig. 18.2    Teacher workshop program       
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 Quadrant I

  Fig. 18.3    Theoretical foundations of Cummins’ ( 1984 ) task diffi culty matrix       
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       Student Science Journals 

 A key feature of the Science Workshop program is the use of student journals. These 
journals, when used as an informal writing tool, place value on student voice and 
allow students to choose how and in which language(s) they record entries. As such, 
the science journal acts as a space in which students can fl exibly and fl uidly record 
questions, wonderings, data, and conclusions in ways that utilize the full comple-
ment of semiotic resources in their communicative repertoires. I share examples of 
how the journals were used in classrooms in the implementation case presented in 
the following pages. During the TPD workshop we showed teachers how to set up 
the notebook provided general guidelines for using them with students.  

    Science Materials 

 Following participation in the workshops, teachers were provided with kits to sup-
port two units of inquiry (one on the topic of worms and one on the top of snails) in 
their classroom. Each kit contained basic tools – magnifying glasses, rulers, pipettes, 
spoons, paper trays, cups, containers, colored paper, a class set of blank notebooks, 
a worm farm and a terrarium in which a snail habitat could be built. The idea behind 
the kit contents is that fi rst, each student be provided with a science journal, and 
second, that the kit be stocked with items that are easy to obtain so that they can be 
used for subsequent inquiry investigations and easily restocked.  

    Coaching Support 

 For the duration of the yearlong project, members of the science education profes-
sional development team at the University of Luxembourg provided ongoing coach-
ing support for participating teachers. Members of the team have extensive 
experience teaching inquiry in primary classrooms, supporting teachers in using 
integrated science and language literacy programs, and using Science Workshop in 
Luxembourgish primary classrooms. The opportunity for coaching support was 
introduced to teachers in the initial workshop session. Teachers were invited to con-
tact the PD team when they had questions, or if they would like help – even if this 
meant just an additional set of hands – while using Science Workshop in their class-
rooms. Following this invitation, teachers contacted the support team when they 
desired and asked questions as varied as, ‘How do I deal with the noise in my class-
room?’ to ‘Do you know where I can fi nd additional materials?’ The TPD team held 
focus group interviews once all teachers had the opportunity to use Science 
Workshop in their classrooms for the purposes of checking in with teachers as to 
how the implementation was progressing, and to support them in further 

18 Science Workshop: Let Their Questions Lead the Way



332

implementation of additional inquiry activities. These focus group interview meet-
ings were key in the sharing of support and resources as teachers shared student 
work, ideas, and asked questions of each other and the TPD team, reinforcing their 
resource network for the use of the program.   

    Project Participants 

 Over the course of 2 years (two 1-year cycles), we worked with 22 teachers from 
various regions of Luxembourg. Teacher recruitment was conducted through sev-
eral established teacher professional development structures. We advertised the 
project 6 months prior to the start of the fi rst year with the national teacher profes-
sional development department, Le Service de Coordination de la Recherche et de 
l’Innovation pédagogiques et technologiques (SCRIPT), with a science communi-
cation website run by the FNR (  www.science.lu    ), and through direct emails to 
teachers. The result was a group of teachers, 20 % with whom we had previously 
worked, and 80 % who were new to us and our programs. All twenty-two participat-
ing teachers taught in the Luxembourgish public primary school system. This means 
that they hold Luxembourgish national certifi cation and are fl uent in at least the 
three offi cial languages; Luxembourgish, German, and French. As a group, they 
varied in they types of training programs they had completed (some had inquiry- 
based science and project-based learning in their teacher training programs, others 
had more teacher-centered training) and also in the number of hours they had taken 
TPD. Participating teachers received continuing education credits for their partici-
pation when they attended the full workshop series, taught the program in their 
classroom, provided documentation from their classroom of use of the program 
(photos, student work, lesson descriptions), and participated in a focus-group inter-
view/resource-sharing meeting. 

 While Luxembourg is small in size, the demographics of classrooms across the 
country vary greatly. This is due in part to the fact that it shares borders with three 
neighboring countries, Belgium, France, and Germany and partly because of a con-
tinuing trend of increasing numbers of non-Luxembourgish families establishing 
residency in Luxembourg. Therefore each participating classroom had a different 
linguistic landscape.  

    Classroom Implementation 

 Teachers documented their use of Science Workshop through the writing of descrip-
tive lesson logs and photo documentation of students’ investigations and science 
journals. To illustrate how Science Workshop was adapted and used in the class-
room, we present below an  implementation case . An implementation case is a 
description of the use of Science Workshop in a classroom that weaves together 
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details of instruction along with teacher’s refl ective comments stemming from sur-
veys and group interviews. Implementation cases allow us to show both, how 
Science Workshop was used in the classroom, and at the same time represent the 
implementing teacher’s thoughts and impressions about the program’s use. Because 
of space limitations, I present one implementation case in the sections that follow. I 
share Tristan’s 4  case because it shows in general, how he adapted the Science 
Workshop program to provide integrated science and literacy instruction for his 
students, and in particular, how heteroglossic language spaces were created through 
the use of the student science journal.  

    Tristan’s Implementation Case 

    Classroom Context 

 Tristan teaches 10–11 year-olds in a primary school on the outskirts of Luxembourg 
City, the capital of Luxembourg. In the year he participated in Science Workshop, 
his class consisted of 10 students. Eight of the students spoke Luxembourgish at 
home. The majority of his students also spoke at least one additional language at 
home such as Portuguese, Polish, English, French or German. 

 The fi rst time Tristan used Science Workshop he explained that he implemented 
the activity sequence exactly as he experienced it during the workshops, and simply 
adjusted the activity frames to a level appropriate for his students. The lesson 
sequence used by Tristan was as follows:

•    Activity 1 – Quick Write. Write ten words that come to mind when you think 
about worms. Draw a worm.  

•   Activity 2 – Observe a small group of worms. Record what you see (Was ich 
sehe) and questions you have (Ich frage mich).  

•   Activity 3 – Creation of a class list of questions. Questions marked with ‘E’ the 
class believes can be explored using an experiment.  

•   Activity 4 – Design an investigation to explore a question about worms (Würmer 
Untersuchung). Record your question, prediction and materials you will need.  

•   Activity 5 – Document your worm investigation: Explain a. What we did; b. 
What happened – draw a picture of your investigation, write about your investi-
gation, take a photo.  

•   Activity 6 – Write to someone you know explaining what you found out from 
your worm investigation.    

 Before beginning the inquiry about worms, each student set up a science journal 
complete with a table of contents, glossary, dated entries, and blank pages to record 
investigations. As will be explained in the sections that follow, use of the science 

4   All participating teachers and students have been assigned pseudonyms. 
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journal was a key tool for Tristan’s students with several important implications for 
student voice, integrated science and language learning, and the creation of hetero-
glossic spaces. 

 For their fi rst activity, students wrote and drew what they knew and thought 
about worms. Then, while working in pairs they observed a small container of 
worms selected from a larger worm farm set up in their classroom. In their science 
journals students recorded, “Was ich sehe” (What I see) and “Ich frage mich” (What 
I wonder). It is during these fi rst two activities that the voices of the students begin 
to emerge. Figure  18.5  presents sample work from two students, Olivia and Jana, 
who worked as a pair. We share the work of Jana and Olivia because of their 
 interesting use of languages. As the lower half of Fig.  18.5  shows, Jana (right) con-
sistently used German when writing in her science notebook. Olivia, on the other 
hand, alternated between French and German. Tristan explained to us that Olivia is 
a student who has lived in Luxembourg for 2 years, and who identifi es as Portuguese. 
As far as Tristan is aware, she speaks Portuguese at home. In class, she expresses 
herself in French, and will not converse in Luxembourgish nor in German. But, she 
is able to comprehend all German and Luxembourgish that is spoken to her.

  Fig. 18.5    Olivia and Jana’s group work       
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   The fi rst two activities are structured in such a way as to draw upon the contex-
tualized, grounded-in-experience, personal observations and wonderings of each 
student. In this way, we begin to see the unique perspectives, resources, and under-
standings (Siry et al.  2016 ) each student brings and how these emerge in their sci-
ence journal entries. It is additionally interesting to note, which languages they 
choose to record different aspects of their multiple entries. Jana records both 
Activities 1 and 2 in German, while Olivia records the activity title, “Würmer” and 
directions “(10 Wörter)” in German, while recording her observations in French. 
Most likely this is because the title and directions were provided by the teacher, 
while the remaining entries are her original thoughts arising from her inquiry expe-
riences. In comparing these two sets of entries, we see how students’ perspectives 
and language choices within the same activity differ, and thus heteroglossic lan-
guage spaces were created within the activity structure Tristan provided. 

 Next, Tristan led a whole-class discussion (Activity 3). In collecting students’ 
individual question in this way, the voices of each student are shared and recorded 
as a collective class document. This individual-collective dance that occurs as the 
unit progresses plays a role in supporting students in using the language of their 
choice, while transforming their responses into the language targeted for instruc-
tion – in this case German. Following this activity, the class identifi ed which ques-
tions they might investigate using a scientifi c experiment. Tristan asked each pair of 
students to investigate a different question. Using an investigation template fi rst 
shared in the teacher workshop, students designed an investigation to, as Tristan 
explained, “help them fi nd answers to their questions”. In Activity 4, students devel-
oped an investigation plan, complete with materials needed, and next (Activity 5) 
documented using different modes (written, drawn, photo documentation) what 
happened when they conducted their investigation 

 We return to a comparison of Olivia and Jana’s science notebook entries. In 
Activity 4, Jana records her question, “Wie lang kann er warden?,” (How long can 
they – the worms - be?) in German. This same question is also in Olivia’s notebook, 
in German. The language(s) Olivia chooses to use for the rest of her entries differ 
from Jana’s choices. As her entries for Activities 4 and 5 reveal, scientifi c terms 
provided by the teacher “vorhersagen” (predict) and “beobachten” (explain), are 
written by both students in German. In the concluding exercise (Activity 6), stu-
dents are asked to write a letter to a friend or a parent explaining what they learned, 
Olivia chooses to write in French. Thus, Olivia has effectively utilized her student 
journal as a heteroglossic space in which she freely alternates her use of French, and 
German, as well as sketches and photos to document her science experience. In this 
way, she draws upon her diverse linguistic competencies (Otheguy et al.  2015 ) and 
several different modes (Varelas and Pappas  2013 ) to represent her inquiry 
experience. 

 When asked about the integrated language and science approach used in Science 
Workshop, Tristan shared, “It’s quite nice to use the language in a different way.” 
For (the students) it’s not really doing work but more like having an experience with 
worms. Tristan went on to explain that “because the questions, and the develop-
ment of the experiments and their results are recorded, you can promote linguistic 
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knowledge in science teaching.” Therefore, “linguistic learning can quite easily be 
integrated into science classes.” 

 Regarding the use of students’ questions to guide inquiry, Tristan explained that 
he fi nds this to be a very authentic way of learning science, as it calls students to 
think about their own questions and to fi nd solutions to their questions. He noted 
that his students were very motivated to turn to additional sources beyond the class-
room to answer their questions, and asked him if they could do their next science 
unit about nutrition in the same way, starting with their questions.   

    Program Outcomes 

 In this section, I elaborate program outcomes relative to the instruction teachers 
implemented in their classrooms, and relative to the teachers’ perspectives on both 
question-driven inquiry and integrated science and language learning. In elaborat-
ing these outcomes I will highlight both the successes achieved through the use of 
Science Workshop, and the associated challenges teachers faced. 

    Classroom/Instructional Outcomes 

 One of the most apparent features of Science Workshop was the relative ease with 
which it was adapted for use in primary classrooms. I feel confi dent saying “ease” 
in that the participating teachers worked in a wide range of grade-levels (K-6) and 
each was able to immediately adapt and use the workshop in their classrooms. 
These adaptations took different forms in each of the participating classrooms. For 
some, this meant partnerships were formed between pairs of primary teachers who 
co-taught, meaning one teacher focused on the language instruction while the part-
ner focused on the science instruction. In others, the adaptation took the form of one 
teacher planning both language and science integrated lessons for the fi rst time. 
Teachers working in classrooms with younger students focused on ways to intro-
duce students to basic literacy through their questions and investigations (Fig.  18.6 ), 
while teachers working with older students adapted the resources provided to meet 
their students’ literacy levels. This speaks to the ability of Science Workshop to 
provide a framework for integrated science and language instruction adaptable to 
varying levels of instruction.

       Teacher Outcomes 

 Concluding their participation in the program, teachers completed open-ended sur-
veys and participated in focus-group interviews. These revealed teacher perspec-
tives after their use of the program. 
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 Relative to teachers’ perspectives of integrating science and language/literacy 
learning, teachers shared that the integration of language and science instruction 
occurred smoothly as it arose from the design of the embedded tasks that were 
rooted in students’ experiences while investigating. For example, when asked, “Did 
you integrate science and literacy learning?” one teacher responded…“Of course, it 
was a natural fi t…”. This shows that the use of this program demonstrates how lan-
guage learning and science learning go hand-in-hand. 

 Relative to the use of students’ questions as the driver of inquiry, teachers 
revealed that this method of instruction, increased student engagement in science 
lessons and motivation. This was apparent in students’ enthusiasm in conducting 
the experiments, in students’ increased rate of asking questions when conducting 
investigations, and their investment in fi nding answers to their questions. Teachers 
also shared that this approach gives student’s voice a place in the science curriculum 
in meaningful ways. 

 Relative to the formation of heteroglossic instructional spaces, analysis of stu-
dents’ science notebook entries (Fig.  18.5 ), coupled with teachers’ comments 
 during focus group interviews, showed that students self-selected to use languages 
other than the language of instruction at different points during different activities. 
Teachers also reported, and it was observed during classroom observations, that dif-
ferent groupings of students utilized different languages – other than German – at 
different points in the inquiry process. This indicates that heteroglossic spaces, 
while small and intermittent, existed and were used by the students.   

6 year-olds classroom 10 year-olds classroom

Formulating 
questions

Adaptations

Students first talk about their 
questions in small groups and 
then share questions in a 
whole-class discussion. The 
teacher records questions on 
the blackboard integrating 
images for nouns so that the 
literacy focus is on question 
verbs (warum, wie, was/ why, 
how, what)

Students individually record 
questions in their science 
notebook while working in 
pairs. Next they share questions 
in a whole class discussion and 
discuss which can be 
investigated. 

  Fig. 18.6    Adaptations of a science workshop activity across grade levels. A common activity, 
‘Formulating questions’, was adapted for use at two different grade-levels       
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    Conclusions and Implications 

 Based on the pilot and fi eld-testing, the following key conclusions can be drawn 
about the use of Science Workshop: 

  Science Workshop Supports Locally Contextualized Adaptable/Flexible 
Integrated Science and Language Literacy Instruction     As we saw in the repre-
sentative implementation case, through the use of students’ questions, teachers in 
Luxembourg across a range of grade-levels were able to design and implement inte-
grated science and language instruction that was locally contextualized and con-
nected to students’ personal contexts in meaningful ways. This is particularly 
notable in an era of science education that tends to promote the adoption of science 
programs that require signifi cant material investments and the purchase of programs 
produced and sold by major publishing houses. Science Workshop, in contrast, pro-
vided for instruction across various grade-levels in fl exible, locally contextualized 
ways. It accomplished this as it tapped into and utilized the cultural and linguistic 
resources of the students, and used these “funds of knowledge” (Moll et al.  1992 ) to 
provide interesting, engaging instruction.  

  Science Workshop Helps Create Heteroglossic Spaces Within Traditional 
Monoglossic Learning Environments     Monoglossic multilingual programs that 
allow one ‘voice’ or that value the use of one national language at a time can harm 
a students’ language competency development (Otheguy et al.  2015 ). Through our 
work in Luxembourg we have seen how open integrated programs, Science 
Workshop being one of many, provided ways for teachers to help students make 
connections between the languages skills they already posses and those they are 
learning in primary classrooms. Even if a school, school system, or national curri-
cula dictate that a programs approach be monoglossic in nature, as it is in 
Luxembourg, we found traces of heteroglossic approaches to language use within 
science instruction. This type of instruction, promoted by scholars such as Flores 
and Schissel ( 2014 ), pushes back at monoglossic multilingual programs in ways 
that position students to use their multilingual competencies as resources for deeper 
and meaningful learning.  

 This work has important implications for science and primary school teacher 
preparation in that it is one example of a program that supports the implementation 
of an integrated science and language instructional approach that honors the 
 language and cultural resources that students bring with them to the classroom. It 
additionally shows how teachers working within more traditionally oriented pro-
grams can create spaces that are heteroglossic in nature, and thus honor students’ 
communicative strengths in ways that support both content and language learning, 
even if they are operating within monoglossic educational systems. And perhaps 
most importantly, it provides a way to listen to our students’ questions and to let 
their voices lead the way.     
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    Chapter 19   
 Deaf Students Using Sign Language 
in Mainstream Science Classrooms                     

     Audrey     Cameron     ,     Rachel     O’Neill     , and     Gary     Quinn    

         Introduction 

 In this chapter, we examine how science teachers can be prepared to use British 
Sign Language (BSL) in more effective ways than previously with the development 
of new technical signs for scientifi c terms. We review the linguistic and pedagogic 
issues relating to teaching science to deaf signing students and discuss the com-
plexities of working in a mainstream science class with a sign language interpreter. 

 In the United Kingdom, approximately 4900 children of school age are deaf and 
use BSL or Sign Supported English (Consortium of Research in Deaf Education 
 2014 /2015). These children are mostly taught in mainstream settings where their 
teachers facilitate communication in class, although very few teachers are qualifi ed 
sign language interpreters. The group of sign language users is currently poorly 
served by professionals. Teachers of deaf children often provide backup lessons in 
resourced schools to reinforce ideas learnt in the mainstream class. Communication 
support workers often interpret in the mainstream classroom, although very few are 
qualifi ed and registered as BSL/English interpreters. Therefore, teachers of deaf 
children, communication support workers, and the science teachers who have deaf 
children in their class all need awareness of successful ways to teach science to deaf 
children and support with sign language skills to teach and communicate effec-
tively. In this chapter, we focus on the needs of those deaf children who use sign 
language in particular, because successful support for this group depends on a good 
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understanding of linguistic issues. We explore ways in which the various profes-
sional groups can receive effective preparation and support to fulfi l these roles. 

 The Scottish Sensory Centre is funded by the Scottish government and provides 
a programme of continuing professional development for teachers of deaf and visu-
ally impaired children, classroom assistants, and mainstream teachers. Since 2007, 
the Centre has hosted the STEM in BSL Glossary, which has now provided over 
1400 technical terms and defi nitions in BSL online (Scottish Sensory Centre  2015 ). 
The subjects represented in the glossary are astronomy, biology, chemistry, geogra-
phy, mathematics, and physics. The BSL technical terms have been both collected 
and devised by subject groups of Deaf 1  professionals working as teachers, sign lin-
guists, scientists and in STEM-related occupations. Unlike earlier approaches to 
standardisation led by hearing teachers who did not use sign fl uently, the BSL 
Glossary project has been Deaf-led and the group has been careful not to impose the 
suggested signs on the wider Deaf community. Through Facebook groups and pub-
lic engagement events, the group has brought the new signs to the wider Deaf com-
munity and engaged many in science education. For example, the Stargazing events 
run by the BBC and the Royal Observatory Edinburgh across the UK in 2014 
attracted 15,000 people to its events at 14 venues, including many Deaf people. Dr. 
Audrey Cameron who co-ordinates the Glossary project at the Scottish Sensory 
Centre and Gary Quinn, the Glossary’s sign linguistics consultant, introduced 
astronomy signs developed by a group of Deaf astronomers and physicists. Many 
hearing people also found the conceptual and iconic nature of the signs for planets 
helpful for all students to remember important physical features of each planet.  

    Teacher Preparation Model 

 Science teachers in the UK usually complete a science degree and a 1-year initial 
teacher education course, but they do not spend much time considering inclusive 
education or the needs of particular groups such as deaf children (see Fig.  19.1 ). 
Teachers of deaf children must fi rst qualify to teach all children and then go on to 
specialise with a Master’s level course focusing on deaf education. However, sci-
ence education is rarely the focus of this course. In addition, these specialist teach-
ers may not have fl uent BSL skills since signing students may make up only a 
minority of their caseload and the UK governments all specify that only level 1 in 
BSL needs to be held. 2 

   In addition, communication support workers who interpret for deaf children in 
mainstream classes often do not have a degree before starting to work in educational 

1   Following the convention suggested by Woodward ( < CitationRef CitationID=”CR33”  > 1972 < /
Citation Ref > ) and now commonly accepted, the use of the uppercase “Deaf” denotes deaf people 
who use sign language and regard themselves as members of a linguistic and cultural minority, 
while the lowercase “deaf” refers to those with hearing loss. 
2   Level 1 in BSL can be gained after 50 h study of the language. 
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settings with deaf children. The Scottish Sensory Centre is an example of an organ-
isation in the UK that can offer continuing professional development for teachers 
and support staff; but people in these roles sometimes do not have enough scientifi c 
background knowledge to adequately support or communicate effectively in sci-
ence. They need to build on both their own scientifi c understanding, their use of 
specialised BSL vocabulary, and their use of fl uent BSL explanation. This is a very 
demanding set of tasks: the teachers and support staff need more support. 

 In resourced schools, there are larger concentrations of deaf children so that sci-
ence teachers and specialist staff build good working relationships, which leads to 
higher quality support for deaf children. The specialist teacher of deaf children in 
the school usually provides deaf awareness sessions aimed at particular teaching 
situations. A close relationship develops as the specialist teacher and the science 
teacher work with different deaf children through the science curriculum; some of 
these children are likely to be BSL users. In this chapter, we explore ways we have 
found to support teachers of deaf children and support staff in relation to science 
teaching using sign language, and science teachers in relation to working with deaf 
pupils who use BSL as their fi rst or preferred language. First, we explain the litera-
ture base that informs our way of working. We then describe how we have provided 
staff development sessions for teachers of deaf children and interpreters in relation 
to science and the linguistic needs of deaf children who use BSL. Most of these 
children attend their local school, so they do not learn alongside other BSL users.  

    Review of the Literature 

 Four areas of research literature have informed the way the BSL Glossary team has 
developed this model of teacher education: research into developing new technical 
terms in sign languages, how specialist teachers of deaf children work in science 

Preparation for staff working with deaf children in
science classrooms in the UK

Science teachers

Degree in science

One year initial teacher education – brief
introduction to inclusive education

One year initial teacher education – brief
introduction to inclusive education

Postgraduate diploma in deaf education – but sign
language skills often remain low

Teaching and Continuing Professional Development –
rarely about deaf children

Teaching, then move to teach deaf students usually in
mainstream schools

Degree in any subject − rarely science

Teachers of deaf children

  Fig. 19.1    Comparing the usual education of science teachers and teachers of deaf children       
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contexts, research about how sign language interpreters and other staff work bilin-
gually in science classrooms, and fi nally the way science teachers can learn to work 
more effectively with deaf signing pupils. 

    Developing New Technical Terms in Sign Languages 

 Historically, spoken language methods have been dominant in deaf education set-
tings in Europe and Australia, with the respective national sign language being 
excluded from most educational settings in these countries between 1880 and 1975. 
Sign languages have been only known to be languages since the 1960s, with research 
fi rst starting into American Sign Language (Adam  2015 ). With the introduction of 
Total Communication approach in the 1970s, some hearing teachers of deaf chil-
dren attempted to extend and regularise signed vocabulary for curriculum subjects, 
although this was not welcomed by Deaf sign language users (Adam  2015 ). In the 
US, the National Technical Institute for the Deaf established one of the fi rst exam-
ples of technical vocabulary building in American Sign Language on linguistic prin-
ciples, although it also aimed for deaf students to be able to pronounce the words 
(Caccamise et al.  1981 ). More recent examples of technical vocabulary building in 
sign languages (Johnston and Napier  2010 ; Lang et al.  2007 ) have included discus-
sion of the results amongst wider groups of informants, sign language users, inter-
preters and sign linguists, to build consensus on the best sign terms to use for a 
concept. Our own work has been Deaf-led, drawing on the scientifi c expertise of 24 
Deaf participants who work as teachers or in science related occupations (Cameron 
et al.  2012 ). Terms use the productive lexicon in BSL (Brennan  1990 ; Sutton- 
Spence and Kaneko  2016 ) using metaphor, iconicity, depicting signs and shared 
morphological characteristics for groups of signs that are semantically related. 
Defi nitions of the terms are given in BSL then translated back to written English so 
that Deaf students can access the glossary independently. Defi nitions often include 
etymological notes in BSL explaining why the sign is made a certain way. We intro-
duce teachers and sign language interpreters to the process of collecting, coining 
and defi ning new technical terms in BSL on the course we describe below.  

    Teachers of Deaf Children in Science Classrooms 

 In richer countries, the predominant model used in education for deaf children is to 
encourage the use of speaking and listening, using hearing aids – radio FM systems 
that reduce the effect of classroom noise and cochlear implants. As deafness is a low 
incidence disability, this usually means the deaf child does not have deaf peers at 
school. American Sign Language (ASL) has found wider acceptance in the US edu-
cation system where the place of ASL has been offi cially acknowledged since 1988 
(Rosen  2006 ) and residential and day schools are widely available for severely and 
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profoundly deaf children. IDEA, the US education equality legislation, was amended 
in 1999 to include registered sign language interpreters being expected in educa-
tional contexts (Rosen  2006 ). In the UK and Australia, mainstreaming is the usual 
approach, and sign languages (BSL, Auslan) have less status. However, in poorer 
and developing countries, sign language is widely used in day and residential 
schools; countries such as Brazil, for example, have a rich tradition of bilingual 
bicultural education. Our project started in Scotland in 2006; this country now has 
the British Sign Language (Scotland) Act 2015, which may improve the status of 
the language in educational settings. We focus in this chapter on the education of 
deaf children who sign, because facilities for this group are often underdeveloped. 

 There are diffi culties that arise from having specialist teachers of deaf children 
who teach subjects such as science. Graham ( 2012 ) outlines the way specialist 
teachers’ views change as they go through their initial teacher education programme. 
Their conception of science was linear, which led to teaching approaches that priori-
tised visual information and learning of vocabulary rather than inquiry or discussion 
of unknowns. Additionally, science teaching was too teacher-directed. Yore ( 2000 ) 
used successful examples of science teaching to hearing students (English learners 
and low literacy) to encourage teachers working with deaf students to prioritise 
reading and writing in real communicative contexts in science classrooms. He sug-
gested ways in which less confi dent readers could develop metacognitive awareness 
about what they read in science, ways to activate prior knowledge and conscious 
choice of reading strategy, and ways to improve the students’ monitoring of their 
success as they read. He proposed two strategies for deaf science learners: the joint 
construction of mind-maps and encouraging students to read science texts then 
write refl ection pieces to improve their summarising skills. Several research proj-
ects have illustrated ways in which teachers of deaf students can foster inquiry to 
reduce the amount of control and structure in the deaf school science classroom, and 
introduce more autonomy so the children behave more like scientists. Kahn et al. 
( 2013 ) argue that teachers should allow deaf students to: (1) develop their own sci-
ence questions, (2) ‘fail’ in the sense of not stepping in too quickly to correct them, 
and (3) link classroom science to real-world scenarios and careers. An alternative 
approach from Lang and Albertini ( 2001 ) emphasized more creative reading and 
writing approaches in science courses such as asking deaf students to write imagi-
native pieces about scientifi c phenomena, guided free writing about predictions and 
consequences, and refl ections on what they had learned. 

 Two ethnographic studies from Sweden and the US explore ways in which teach-
ers connect the signed and written languages in science classrooms. In the Swedish 
deaf school, collaborative meaning-making was observed as teachers used metadia-
logue to engage pupils in science, weaving in technical terms (Lindahl  2015 ). 
Depicting signs were a mediating resource that allowed students and teachers to 
express and understand science concepts. Rapid and confi dent translanguaging 
shifts occurred between Swedish Sign Language, Signed Swedish and fi ngerspell-
ing. More importantly, this classroom offered deaf students the chance to use all 
their bilingual resources. In the US study, teachers also had many opportunities to 
move between English and ASL in science discussions (Lane-Outlaw  2009 ), but the 
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teacher input was in ASL and the student output mainly in written English. There 
were few opportunities to read science texts and older students had less hands-on 
inquiry than younger pupils. The teachers often translated science texts to sign lan-
guage for the students. 

 With a focus on developing the deaf children’s conceptions of science through 
sign language discussion and inquiry, Pinto Silva et al. ( 2013 ) took the learning 
away from a Brazilian deaf school into a university science lab and encouraged the 
pupils to set their own questions, plan their own experiments and report back at the 
end of each day in an intensive week-long summer school. Teachers from the deaf 
school worked in a group alongside the children, participating as equals. In a paral-
lel project with primary pupils, Deaf trainee teachers used a discovery approach and 
technical signs developed by the university project. They did not tell the children the 
answers, but asked more questions, an approach which differed from that of their 
usual class teachers (Da Fonseca Flores and Rumjanek  2015 ). 

 Deaf students often show signifi cant delays in literacy skill, which has an impact 
on their science learning (Vosganoff et al.  2011 ). Taking a Universal Design 
approach, and suggesting that perhaps using print literacy may not be necessary, 
Wang ( 2011 ) puts forward the concept of ‘performance literacy’ which can include 
using multimedia science resources, subtitles, signed ASL texts and students record-
ing their own signed explanations. Favouring inquiry methods, she suggests that 
teachers of deaf children must be carefully prepared to introduce these ways of 
working. Among the practices considered to be successful in science classrooms 
with deaf children, Easterbrooks and Stephenson ( 2006 ) include more hands-on 
inquiry, teachers who are qualifi ed to teach science, more discussion of real world 
problems in science, using consistent signs agreed in advance, and encouraging 
deaf pupils to rewrite texts themselves rather than being given simplifi ed texts. 

 The language demands of science texts are examined by Fang ( 2007 ), who con-
clude that exposure to science writing is not enough. Science teachers also need to 
give explicit attention to the terms and structures used in scientifi c texts. Similarly, 
the study of a group of Deaf Norwegian teachers refl ecting on their own progress in 
learning physics at deaf school (Roald  2002 ) concluded that, although their teacher 
was not completely fl uent in Norwegian Sign Language, he was systematic and set 
high expectations. The students used illustrated diagrams in their lab reports and 
discussed the textbook closely using sign language. As teenagers, they were the fi rst 
deaf students to go on to university.  

    Interpreters in Science Classrooms 

 In the UK, deaf children who use BSL are often in mainstream schools where a sup-
port worker interprets between spoken English and BSL or a more English-like 
form, Sign Supported English. However very few of these interpreters are qualifi ed, 
leading to gaps and misconceptions for deaf learners. Brenda Schick has addressed 
this question systematically in the US, showing that the mean level of educational 
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interpreter is below the minimum recommended (Schick et al.  2006 ). Mainstream 
teachers often see the interpreter as taking responsibility for the deaf learner, not 
treating the interpreter as a partner (Schick  2008 ). The interpreter, in her view, 
should be strongly involved in the preparation with the class teacher, providing 
ongoing support about ways in which deaf children learn. 

 Schick and colleagues go further suggesting that these poorly prepared educa-
tional interpreters are actually creating barriers to learning for deaf children in 
mainstream science classrooms (Kurz et al.  2015 ). Their research showed that deaf 
pupils learning science directly from a Deaf science teacher understood more than 
via an experienced science teacher working with an interpreter, although this was a 
small study with only 19 students. Other researchers have compared how much deaf 
college students understand through a sign language interpreter and a note-taker 
working to screen (Borgna et al.  2011 ); results were very similar. These researchers 
demonstrate that deaf students are much weaker at monitoring their own compre-
hension in science lectures than hearing students. They propose that there are cogni-
tive differences between deaf and hearing students, probably caused by different 
early language learning environments. Their recommendations are for teachers to 
focus on teaching deaf learners to integrate different parts of a question, and to use 
scaffolding prompts such as summaries of content more effectively as ways of 
building metacognitive awareness.  

    Science Teachers Learning About Signing Deaf Pupils 

 Apart from Schick’s ( 2008 ) work mentioned above, there are very few studies look-
ing at the attitude of mainstream science teachers to working with signing pupils 
and an interpreter. To overcome this limitation, we have drawn on studies about 
other marginalised groups and used them to inform our thinking about science 
teachers teaching deaf learners. 

 ‘Wait time’ when asking questions is a crucial issue for science teachers to con-
sider when there is a deaf pupil in the class and a sign language interpreter. Grimes 
and Cameron ( 2005 ) found that the mean wait time following a question from the 
teacher was 1.4 s, which meant the deaf pupil following a sign language interpreter 
never got an opportunity to answer; the interpreter lag was always more than the 
wait time. The researchers also noted that the deaf pupils sometimes became 
detached from the main class, communicating with a specialist teacher or interpreter 
and not with other classmates. Naming the pupil who should answer the question 
will help the deaf pupil to participate. The type of question is important in all sci-
ence classrooms. According to Lustick ( 2010 ), who was addressing science teach-
ers in general, ‘focus questions’ should address a specifi c scientifi c phenomenon 
and be tailored to the learners’ life experiences and environment. 

 The fi ve essential (5E) features of science inquiry learning put forward by Wilson 
et al. ( 2010 ) are strongly language-based and would be useful for deaf learners too: 
engage, explore, use evidence, give explanations and evaluate. The researchers used 

19 Deaf Students Using Sign Language in Mainstream Science Classrooms



348

a randomised control at a summer school and allocated hearing students to an 
inquiry approach or a commonplace approach. They found that non-white students 
made good gains on the inquiry approach, though the socioeconomic status of the 
student made no difference. Using high quality pre-prepared materials which focus 
on discussion activities, they argue, is a motivating way to introduce teachers to the 
inquiry approach and improve the achievement of all students. An example of the 
materials is at   https://www.nutrientsforlife.org/for-teachers    . 

 Critical Race Theory can also be a useful perspective for considering the achieve-
ment of pupils who come from other minority communities, such as Deaf learners 
who use sign language. Working in New Zealand, Tolbert ( 2015 ) used observations 
of science lessons in schools with a high proportion of Maori pupils, where the 
schools employed culturally responsive teachers to support the science teachers. 
The role of the Maori mentor was that of a teacher with insider knowledge of Maori 
culture who used it to focus on achievement and inclusion in the class through dis-
cussions with the science teachers. This approach could be used with sign language 
users, particularly in schools with larger numbers of deaf children.   

    Materials Developed 

    Scottish Sensory Centre’s BSL Glossary 

 The University of Edinburgh, acting through the Scottish Sensory Centre has under-
taken projects with a team of 24 scientists, mathematicians, sign linguists and teach-
ers to create, defi ne, catalogue and develop BSL signs for Science and Maths for 
deaf people and their teachers. The glossaries contain BSL signs for mathematical 
and scientifi c terms. Each entry provides a BSL sign in video format for a mathe-
matical or scientifi c term with a movie that explains the term in BSL, a defi nition, 
and an example of how the term can be used in BSL, within the context of a science 
discussion or experiment. Written English translations also accompany the BSL 
movies and often images too. The Scottish Sensory Centre’s online BSL Science 
Glossary is an evolving resource. To date we have 1410 signs for different scientifi c 
terms along with BSL video clips of defi nitions and experiments (  http://www.ssc.
education.ed.ac.uk/BSL/list.html    ). Currently, the BSL Glossary website receives 
approximately 8000 hits per month with typically increased usage during the week 
and less during the weekends and school holiday periods. 

 Positive feedback has been received from deaf students and professionals using 
the glossary. They say it is a useful resource not only for professionals, such as 
teachers of deaf children and sign language interpreters, but for deaf students too:

  The Science glossary website helps me a lot. The website is good because it encourages us 
[students] to study independently. It is not diffi cult to use. It is good to read the text to help 
us to understand questions in English and how to write in English for the exams. It is good 
to see a resource that is in BSL – my own language. (Deaf pupil, 16 years old) 
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 When I started teaching deaf students I was quick to notice the lack of science signs, and 
the absence of standardisation of the limited number. Individual teachers were compelled to 
make up their own signs with the students or relying heavily on fi ngerspelling. There is a 
vast amount of vocabulary within any science syllabus and my level of BSL was not ade-
quate to tackle the creation of new signs, therefore, I was exceptionally pleased to be intro-
duced to the Science Signs Glossary. The science signs make up a valuable part of my 
lessons, both for my own preparation beforehand and to use as a reference tool during. 
Using science signs is vital for fl uency in explanations and discussions. The glossary also 
allows students to access information at home which is a necessity as the language in many 
science textbooks is not appropriately graded. (Chemistry teacher working with deaf 
children) 

 I am engaged by Education Queensland (Australia) to develop subject specifi c signs 
(Auslan). I look to this site to glean some ideas, as well as comparing our signs with BSL. I 
found this site very useful. Keep up the good work. (Teacher of deaf children from Australia) 

   Identifi cation of appropriate words and terms for development focus on school 
subject syllabuses from across the UK, textbooks and in-depth discussions with 
subject specialists. The following specifi c topics and sub-topics are now in the glos-
sary (Table  19.1 ). The focus of our work often depends on the funders, as the project 
receives small grants from many bodies. For example, the geography funders had a 
strong interest in physical geography. While our initial work has focused onto ter-
minology associated with the school curriculum, the terms developed can be applied 
to more advanced levels, including undergraduate degree levels and professional 
settings. Our goal is to continue to develop more advanced terminology.

   Developmental work is conducted by a working group consisting predominantly 
of contributors from within the Deaf community with expertise in science, maths – 
at degree or PhD level – teaching, deaf education and BSL linguistics. The partici-
pants discuss each scientifi c concept, including defi nitions, applications and 
contexts to establish how best to represent it in BSL. Often one term in English 
corresponds to two in BSL. 

   Table 19.1    Topics and sub-topics in the British Sign Language science glossary   

 Topic  Sub-topics 

 Astronomy  Deep sky objects; solar system; stars; star constellations; stargazing 
 Biology  Adaptation; cells; ecosystems; genetics; humans and the environment; nervous 

and hormonal systems; photosynthesis and respiration; protein and enzymes; 
reproduction and inheritance; specialised and non-specialised cells; transport 
and exchange 

 Chemistry  Acids and alkalis; reactions of acids; atoms, elements and the periodic table; 
how atoms combine; carbohydrates; chemical reactions; corrosion; fertiliser; 
fuels; hydrocarbons; making electricity; metals and non-metals; plastics; 
properties of substances; separation; solution and solubility; states of matter 

 Geography  Geology; geographical information systems (GIS); glaciology; maps; rivers; 
weather 

 Maths  Algebra; arithmetic; geometry and trigonometry; probability; statistics 
 Physics  Electricity; electromagnetic spectrum; electronics; energy; force; health 

physics; heat; light and sight; measurement; movement; nuclear physics; 
radiation; sound and waves; telecommunications; telescopes; space physics 
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 The new signs have been developed to be visually representative and to conform 
to the principles of BSL linguistics. When creating new signs, we often found that 
the scientifi c signs are linked together morphologically, that is they are united by a 
common handshape or movement. In this process, the key concept is identifi ed and 
a central handshape or movement is linked to it. This common handshape or move-
ment is then evident in many of the related terms. For example, the sign for MASS 
is used to help create the sign for DENSITY and WEIGHT (see Fig.  19.2 ). The 
development team expect that the morphological link between signs for conceptu-
ally related terms will assist teachers of deaf students and sign language interpreters 
to prepare clearer explanations and interpretations for the science class.

   Another principle of developing new signs was not to create signs based on fi n-
gerspelling – i.e. using the initial letter from the English spelling of the term. 
However, there are some exceptions; fi rstly for names of units, so the fi nger-spelt 
letter N, for example, is Newton. Secondly, in chemistry we use fi nger-spelt letters 
for chemical elements. Also when distinguishing different enzymes in biology, ini-
tialisation is used to distinguish  amylase , 3   catalase , 4   invertase  5  and  pepsin.  6  These 
terms are all hyponyms of the word  enzyme , in that their meanings are all included 
in the word  enzyme.  7  Visually, therefore, they are closely related despite the use of 
initialisation. Other sign languages, such as ASL, make greater use of initialisation 
than BSL. 

 Individual terms are only approved once the group has reached agreement, and 
often these terms are refi ned or redrafted following further discussions during and 
after the working sessions. Once agreed, approved terms are recorded along with 

3   http://www.ssc.education.ed.ac.uk/bsl/biology/amylase.html 
4   http://www.ssc.education.ed.ac.uk/bsl/biology/catalase.html 
5   http://www.ssc.education.ed.ac.uk/bsl/biology/invertase.html 
6   http://www.ssc.education.ed.ac.uk/bsl/biology/pepsin.html 
7   http://www.ssc.education.ed.ac.uk/bsl/biology/enzyme.html 

  Fig. 19.2    Signs for MASS, DENSITY and WEIGHT with the closed fi st representing MASS. The 
DENSITY sign has the mass sign as its base with the VOLUME sign. (  http://www.ssc.education.
ed.ac.uk/BSL/physics/density.html    ) The WEIGHT sign has the MASS sign with the GRAVITY 
sign pulling down.(  http://www.ssc.education.ed.ac.uk/BSL/physics/weight.html    )       
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clear defi nitions, explanations and useful material e.g. photographs, fi lm clips and 
diagrams (Fig.  19.3 ).

   There are also video clips of demonstrations using the signs (Fig.  19.4 ).
   A Deaf pupil and a communication support coordinator confi rmed the impor-

tance of including video clips of laboratory demonstrations or examples with the 
developed signs in the glossary when asked for their feedback. At the start of the 
project, demonstrations and examples were only found in the Chemistry and Maths 
glossary but after listening to the deaf young people and professionals, we now try 
to include as many demonstrations and examples as possible on the glossary 
website:

  You should have more examples and lab movies because I think they will help deaf pupils 
to understand the defi nitions better. (Deaf pupil, 16 years old) 

 The glossary is so much more than lists of new BSL signs; the meanings of complex 
concepts are made clear and exemplifi ed, making it a vital tool for Deaf students and for a 
range of educational professionals. (Communication support coordinator at college) 

   A lecturer of science education also supported the inclusion of defi nitions and 
examples in the glossary:

  The glossary of terms provides learners with empowerment to learn about, think about and 
talk about physics and science. The presenters engage in a dialogue with learners, blending 
signing, symbolising and explaining processes as they go. I found the explanations of how 
lenses help us to see and how light behaves as it passes through a glass block to be as good 
as any I could have mustered as a teacher. This work breaks new ground and provides an 
invaluable set of resources for deaf learners. 

  Fig. 19.3    Screenshots of video clip defi nitions of ATOM, PRISM, and ARÊTE (Geography)       

  Fig. 19.4    Filming a demonstration in a physics laboratory       
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   The work done to publicise and disseminate the new terms has been extensive, 
involving presentations to the general public and to Deaf people in the form of 
 science festivals, invited lectures and workshops for teachers working with deaf 
children, thus confi rming that the science glossary is being well received.   

    Implementation 

 Over the past 5 years, the BSL Glossary team has provided regular 1-day workshops 
for teachers of deaf children, sign language interpreters, and science teachers work-
ing at both primary and secondary levels (Fig.  19.5 ). On average, there are twelve 
participants in each workshop. As the Scottish Sensory Centre is based in a School 
of Education, we have also provided workshops for students in initial teacher educa-
tion as an enrichment activity. In this section, we provide the plan we use for a typi-
cal workshop, along with briefi ng notes about working with a sign language 
interpreter in science classrooms and a handout about the practicalities of teaching 
deaf pupils.

      Program Schedule 

 The following schedule of activities is provided to participants. This template could 
be adapted by other centres such as universities providing education for specialist 
teachers of deaf children or introducing science teachers to work with deaf students. 
Information in the right hand column refers to further details and handouts given 
below.

  Fig. 19.5    Workshop with teachers of deaf children and interpreters to show how to demonstrate 
practical activities using the signs from the glossary – mixing of two substances and balloon 
racing       
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 Lesson plan  Objectives 
 Timing 
(min)  Information 

 1  Welcome and 
introduction 

 To introduce the participants to 
each other and fi nd out their aims 
and motivation for this course to 
help the tutor to cater the 
workshop for the participants 

 10 

 2  Practicalities of 
teaching deaf 
students in a 
mainstream class 

 To introduce good teaching 
practice with deaf students 

 60  Handout – 
practicalities 

   Knowledge and experience of 
deaf students 

   Strengths and issues for deaf 
learners in mainstream science 
classes 

   The importance of questioning 
and wait time 

 Briefi ng notes 

   How to work with a sign 
language interpreter 

   Class setting tips 
 3  Introduction of the 

STEM glossary 
 To introduce the STEM in BSL 
glossary 

 60  Glossary website 

   Why do we need to develop 
new BSL signs for STEM 
subjects? 

   STEM in BSL glossary 
website 

   Impact of the glossary 
 4  Break 
 5  Demonstration of 

practical activities 
in the laboratory 

   To demonstrate practical 
activities using the signs from 
the glossary to explain the 
concepts behind each 
experiment 

 45  Science demo 

   To show how to demonstrate 
in front of a deaf student to 
make sure that this student is 
able to follow and understand 

   Introducing inquiry methods 
in mainstream class, and in 
backup sessions where a 
specialist teacher often works 
in a support space, not a lab 

 Everyday materials 
as specialist 
teachers may not 
have access to a lab 

 6  National 
assessment 
arrangements 

 To discuss how to support the 
deaf students during public 
examinations using the signs 
from the glossary 

 45 

 7  Discussion and 
summing up 

 To allow participants to ask 
questions or discuss issues linked 
to teaching or supporting deaf 
children learning science 

 30 

 8  Course evaluation 
and close 

 To collect feedback from the 
participants to help shape the 
next workshop 

 5 

19 Deaf Students Using Sign Language in Mainstream Science Classrooms



354

       Working with a Sign Language Interpreter 

 During deaf awareness sessions, participants are informed about some of the issues 
that arise in science classes when working with a sign language interpreter and deaf 
student(s). A sign language interpreter working in an educational setting is a profes-
sional who provides bilingual communication support working for individuals or 
groups of deaf students. This support generally involves a two-way exchange of 
information, through sign language and the spoken language of the country, provid-
ing access to the curriculum and the wider school environment to meet the needs of 
the deaf student wherever possible. 

 It is essential to promote the employment of appropriately experienced and qual-
ifi ed sign language interpreters, ideally to work as part of a team and not as the sole 
‘specialist’. It is good practice to match the needs of the deaf student with the skills 
and experience of an individual interpreter, especially with knowledge of science if 
in science classes. 

 Mainstream science teachers need to work with interpreters as partners to ensure 
smooth exchange of information with the deaf students. The ideal location for an 
interpreter within the classroom is at the front near the science teacher and source 
of visual information (e.g., electronic whiteboard or when demonstrating) so that 
the deaf student can see both the science teacher and interpreter easily. It is impor-
tant to remember that it is not the interpreter’s role to explain the lesson content. The 
deaf student should be encouraged to seek clarifi cation from the science teacher. 

 There is a danger of deaf students being disengaged in lessons if the interpreter 
possesses a low level of signing skills or background knowledge of the subject – 
especially in scientifi c subjects. It is therefore vital that science teachers try to 
include deaf students in the lesson with support from a suitably qualifi ed and expe-
rienced interpreter. 

 Before each lesson, the interpreter should have access to lesson plans and materi-
als including the country’s Science in Sign Language glossary (see  Appendix A ) to 
allow them to prepare before each lesson so that they can construct meaning from 
the many participants and events in the science classroom, and make sure the deaf 
student’s contributions are voiced with understanding. 

 Science teachers must be mindful of deaf students when asking questions and 
should cooperate with the interpreter to ensure the deaf students receive the ques-
tions quickly enough to be able to offer answers without undue delay. The signed 
message is likely to be behind the spoken message, so the deaf students will need 
time to catch up to enable them to participate fully (Powers  1999 ). 

 Increasing wait time when asking questions will be helpful and will give the 
interpreter suffi cient time to translate the questions and relay the answers from the 
deaf students to the science teacher (Grimes and Cameron  2005 ). There is a danger 
that the science teacher and interpreter may be out of synchronisation. The student 
may receive a reduced message as the interpreter tries to keep up with the lesson and 
thus abbreviates some of the information. It is important for the science teacher to 
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maintain control of who is answering questions in class so that deaf students have 
the chance to be asked to contribute to class or group discussions. 

 The deaf students will need clear guidance about where to look. If there are a 
number of sources of information, it can be diffi cult to decide. This applies particu-
larly to classroom discussions. If visual materials are used, the deaf student and 
interpreter will need time to look before communication continues, as they are using 
the visual channel for all information and communication. If a science teacher wants 
to comment on something that is presented visually, they should be careful to allow 
pauses for the deaf student to check the visual information. 

 The same is true in relation to lab demonstrations. The science teacher must be 
aware that the deaf student will need time to watch their explanation of what they 
are going to do before starting the demonstration. The teacher will need to allow the 
interpreter time to relay the information to the deaf student before carrying out the 
demonstration. The deaf student will not be able to watch the interpreter and the 
demonstration at the same time. 

 New terms may present problems as the deaf student may be unfamiliar with 
them or there may not be a sign for them. The interpreter and deaf student will need 
to time to discuss the new terms and signs, preferably before the start of the lesson. 
Because the deaf student may be the only child in his/her class with an interpreter, 
he/she will get undivided attention. This may sometimes get too much and there is 
a danger that the deaf student could become too reliant on the interpreter. However, 
having effective communication access will empower deaf students, giving them 
confi dence to participate in the class as equals with their hearing peers. 

    Handout on Working with Deaf Learners 

 A guiding handout ( Appendix B ) is given to participants during the glossary work-
shops and can be adapted with acknowledgement by other centres.    

    Outcomes 

 After each course, participants were invited to complete an evaluation form. Three 
major themes emerged from their responses. First, teachers reported that they felt 
more confi dent about teaching deaf children in mainstream contexts:

  There is a S1 hearing impaired pupil who I feel would benefi t from use of this in science 
classes, and the glossary is useful for explaining concepts. Also discuss areas of concern 
with the [mainstream] science teacher. (Teacher of deaf children) 
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   The teachers were also very positive about learning why and how the signs were 
developed:

  As a non-signer with a science background, the new signs based around family words, e.g. 
chemical change, were simple and made sense! (Mainstream science teacher) 

 It was a complete eye-opener. I realised how useful signing could be for all visual and 
kinaesthetic learners in class. (Mainstream science teacher) 

   Teachers also reported a growing awareness of the inquiry approach introduced 
on the course and an increased understanding of how to work with interpreters:

  I will learn all of the tips to ensure that I am a great facilitator to learning, letting the chil-
dren lead their learning. Also more aware of BSL resources which will help me to challenge 
my kids. (Mainstream science teacher) 

 The importance of class layout and further awareness of pupils in my class with hearing 
impairments – be aware of the wait time. I’m going to look into BSL courses. (Mainstream 
science teacher) 

      Course Review 

 Responses about the course were very positive and included comments such as the 
following:

  We had great discussions and will go back to school to disseminate information and hope-
fully organise future in-service events for staff, pupils and maybe the local community. 
(Teacher of deaf children) 

 The whole course was excellent. One of the best. (SL interpreter) 

   The team has used evaluations to improve the sessions, reducing the amount of 
time spent explaining the origins of the glossary and focusing more on working with 
a sign language interpreter in a mainstream science class.   

    Summation 

 The work of the BSL Glossary team over the past 8 years has gradually moved from 
collecting and creating technical terms in BSL to disseminating and exploring ways 
in which the signs and defi nitions can be used. The range of contexts the technical 
signs have been used for is very broad, from mainstream schools to deaf schools and 
resourced schools with groups of deaf learners, and at both primary and secondary 
level. Interestingly, the signs have also been used by mainstream science teachers to 
teach hearing children (Ashby  2013 ). The iconic and visual metaphors in the signs 
can help a wide range of children to understand scientifi c concepts. 

 In Scotland, a British Sign Language Act has recently been passed. which may 
support the use of BSL in educational settings with deaf children. On the other 
hand, evidence from the rest of the UK suggests that BSL as a language is in rapid 

A. Cameron et al.



357

decline in the education system. Worldwide, however, there are many contexts 
where sign languages are being used in bilingual science teaching. Deaf children 
often choose to move fl uently between modes and languages, and where they do we 
think there is a place for high quality resources, which will stimulate them to fi nd 
out independently about science, to answer their own questions about the world.      

    Appendices 

     Appendix A: Science Sign Language Glossaries from different 
countries in the world 

 Glossary  Country  Website 

 STEM in BSL Glossary, Scottish 
Sensory Centre, University of 
Edinburgh 

 Scotland, UK    www.ssc.education.ed.ac.uk/
BSL/list.html     

 Science Signs, Wolverhampton 
University 

 England, UK    www.sciencesigns.ac.uk     

 Projeto Surdos Glossario (LIBRAS), 
Universidade Federal do Rio de Janeiro 

 Brazil    http://projetosurdos.bioqmed.
ufrj.br/categoria/produtos/
projeto _glossario/     

 NTID Science Signs Lexicon (ASL), 
National Technical Institute for the Deaf 
at Rochester Institute of Technology 

 US    www.rit.edu/ntid/sciencesigns/     

 Sign Language for the Classroom 
(ASL),  embe  Outreach 

 US    www.needsoutreach.org/Pages/
sl.html     

 Signing maths and science (ASL)  US    http://signsci.terc.edu/SSD/
index.htm     

 First Steps in Physics for the Deaf 
project (Bulgarian Sign Language) 

 Bulgaria    www.signlanguage-bg.com/
products.php?page=10     

        Appendix B: Handout on Practicalities of Teaching Deaf Pupils 
in Science 

   Knowledge and Experience 

•   Be aware that deaf children may not have the same experiences or backgrounds 
as hearing children – they are likely to have less general world knowledge and 
know fewer technical terms. Encourage all pupils to discuss their experiences 
related to the topic being taught.  

•   The English language is often a challenge for deaf pupils, especially when read-
ing scientifi c text; focus questions are important in class and in relation to 
reading.   
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  Using Visual Resources Carefully 

•   Use visual materials to support your lesson – PowerPoint slides, smart boards or 
the basic white board. All pupils will benefi t.  

•   Only show one source of visual information at a time.  
•   Use and demonstrate real-life objects that apply to the science being taught.  
•   Use the classroom walls to build up visual resources and defi nitions of key terms; 

use colour for different groups or concepts.   

  Teaching 

•   Make eye contact with pupils while teaching. Make sure you have their attention 
before you start teaching or during discussions/ debates – fl icking the lights on 
and off is a good way of gaining deaf pupils’ attention.  

•   Try to meet all pupils’ communication preferences (BSL, Signing with spoken 
language order, or spoken communication). Work with the sign language inter-
preter if you are not able to sign yourself. Expect deaf pupils to switch between 
languages depending on who they are communicating with. This may include 
writing notes and using speech.  

•   Write important information on the whiteboard or wall to let the pupils know e.g. 
dates for tests/ exams, homework, change of venue, etc.  

•   At the start of the lesson, give an outline of the lesson plan on the whiteboard or 
wall so they know what to expect.  

•   When demonstrating, ensure all are watching you before you start the demon-
stration; explain what you will do fi rst, and repeat this after you have done the 
demonstration. Deaf pupils are not able to watch the teacher talking and the 
demonstration at the same time.  

•   Circulate among the pupils while they carry out their activities. Stand still and in 
a good light if talking to a deaf pupil. Usually the sign language interpreter will 
move next to you.  

•   At the end of the lesson provide a written recap on the whiteboard or discuss 
what was learned during the lesson.  

•   Before starting a new topic, make sure that pupils understand what has just been 
taught -use questioning and homework tasks to check.   

  Questions 

•   Use different styles of questioning and ask focus questions which are relevant 
and will encourage inquiry.  

•   Encourage deaf pupil(s) to ask or answer questions in the classroom. Allow 
‘ wait time’  to encourage more thorough responses and to allow time for the sign 
language interpreter to get the questions to the deaf pupils.  

•   Look at the deaf pupil, not the interpreter when replying to her or his questions.  
•   Let the deaf pupil know who is talking; pupils asking questions should put their 

hands up. Repeat the question if the deaf pupil is not able to follow.   
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  Classroom 

•   In mainstream settings, ensure the deaf pupil is able to watch the mainstream 
teacher, sign language interpreter and the whiteboard.  

•   Try to arrange the desks and chairs in the classroom to allow the deaf pupil to see 
who is contributing more easily, for example try a semi-circle.  

•   Ensure deaf pupils are safe when doing experiments, but do not over-protect 
them.  

•   Do not stand in front of the window because deaf pupils will not be able to see 
your face properly, important for speech reading.       

   References 

     Adam, R. (2015). Standardization of sign languages.  Sign Language Studies, 15 , 432–445.  
    Ashby, R. (2013). Signing in science.  Primary Science, 127 , 5–7.  
    Borgna, G., Convertino, C., Marschark, M., Morrison, C., & Rizzolo, K. (2011). Enhancing deaf 

students’ learning from sign language and text: Metacognition, modality, and the effectiveness 
of content scaffolding.  Journal of Deaf Studies and Deaf Education, 16 , 79–100.  

    Brennan, M. (1990).  Word formation in British sign language . Stockholm: University of Stockholm 
Press.  

    Caccamise, F., Smith, N., Yust, V., & Beykirch, H. (1981). Sign language instructional materials 
for speech, language and hearing professionals.  Journal of the Academy of Rehabilitative 
Audiology, 4 , 33–61.  

   Cameron, A., Quinn, G., & O’Neill, R. (2012).  Collecting, coining and defi ning new terms in BSL . 
Poster at Refl ecting on Deaf Education conference, University of Edinburgh, 12 Mar 2012.  

   Consortium of Research in Deaf Education. (2014/2015).  CRIDE 2015 survey .   http://www.ndcs.
org.uk/professional_support/national_data/cride.html      

    Da Fonseca Flores, A., & Rumjanek, V. (2015). Teaching science to elementary school deaf chil-
dren in Brazil.  Creative Education, 6 , 2127–2135.  

    Easterbrooks, S., & Stephenson, B. (2006). An examination of twenty literacy, science and math-
ematics practice used to educate deaf students who are deaf or hard of hearing.  American 
Annals of the Deaf, 151 , 385–397.  

    Fang, Z. (2007). The language demands of science reading in middle school.  International Journal 
of Science Education, 28 , 491–520.  

   Graham, S. C. (2012).  Deaf education preservice teachers’ perceptions of scientifi c inquiry and 
teaching science to deaf and hard of hearing students . Ph.D. thesis, University of Tennessee, 
Knoxville. Retrieved from   http://trace.tennessee.edu/utk_graddiss/1297      

    Grimes, M., & Cameron, A. (2005).  Inclusion of deaf pupils in Scotland: Achievements, strategies 
and services . Paper presented at the Inclusive and Supportive Education Congress, Inclusion: 
Celebrating Diversity? Glasgow. Retrieved from   http://www.isec2005.org.uk/isec/abstracts/
papers _g/ grimes_m.shtml      

    Johnston, T., & Napier, J. (2010). Medical signbank: Bringing deaf people and linguists together 
in the process of language development.  Sign Language Studies, 10 , 258–275.  

    Kahn, S., Feldman, A., & Cooke, M. L. (2013). Signs of autonomy: Facilitating independence and 
inquiry in deaf science classrooms.  Journal of Science Education for Students with Disabilities, 
17 (1), 13–35.  

    Kurz, K., Hauser, P., & Schick, B. (2015). Deaf children’s science content learning in direct 
instruction versus interpreted instruction.  Journal of Science Education for students with dis-
abilities, 18 , 23–37.  

19 Deaf Students Using Sign Language in Mainstream Science Classrooms

http://www.ndcs.org.uk/professional_support/national_data/cride.html
http://www.ndcs.org.uk/professional_support/national_data/cride.html
http://trace.tennessee.edu/utk_graddiss/1297
http://www.isec2005.org.uk/isec/abstracts/papers _g/ grimes_m.shtml
http://www.isec2005.org.uk/isec/abstracts/papers _g/ grimes_m.shtml


360

   Lane-Outlaw, S. (2009).  A qualitative investigation of ASL/English bilingual instruction of deaf 
students in secondary science classro oms. Ph.D. thesis, Gallaudet University, Washington DC.  

    Lang, H., & Albertini, J. (2001). Construction of meaning in the authentic science writing of deaf 
students.  Journal of Deaf Studies and Deaf Education, 6 , 258–284.  

    Lang, H., Hupper, M., Monte, D., Brown, S., Babb, I., & Scheifele, P. (2007). A study of technical 
signs in science: Implications for lexical database development.  Journal of Deaf Studies and 
Deaf Education, 12 , 65–80.  

   Lindahl, C. (2015).  En studie om dialog i ett multimodalt, teckenspråkigt tvåspråkigt NO-klassrum . 
(pp. 126–138). PhD thesis, University of Stockholm, Stockholm. Retrieved from   http://bit.
ly/1SHcypU      

    Lustick, D. (2010). The priority of the question: Focus questions for sustained reasoning in sci-
ence.  Journal of Science Teacher Education, 21 , 495–511.  

    Pinto Silva, F., Martins, P., & Rumjanek, V. (2013). Rousing interest in science among secondary 
deaf students.  Scholarly Journal of Scientifi c Research and Essay, 2 , 104–108.  

    Powers, S. (1999). Deaf and hearing impaired pupils learning mainly via aided hearing. In 
L. Watson, S. Gregory, & S. Powers (Eds.),  Deaf and hearing impaired pupils in mainstream 
schools . London: David Fulton Publishers.  

    Roald, I. (2002). Norwegian deaf teachers’ refl ections on their science education: Implications for 
instruction.  Journal of Deaf Studies and Deaf Education, 7 , 57–73.  

    Rosen, R. (2006). An unintended consequence of IDEA: American sign language, the deaf com-
munity, and deaf culture into mainstream education.  Disability Studies Quarterly, 26 (2). 
Retrieved from   http://dsq-sds.org/article/view/685/862      

     Schick, B. (2008). A model of learning within an interpreted K-12 educational setting. In 
M. Marschark & P. Hauser (Eds.),  Deaf cognition: Foundations and outcomes  (pp. 351–386). 
New York: Oxford University Press.  

    Schick, B., Williams, K., & Kupermintz, H. (2006). Look who’s being left behind: Educational 
interpreters and access to education for deaf and hard of hearing students.  Journal of Deaf 
Studies and Deaf Education, 11 , 3–20.  

   Scottish Sensory Centre. (2015).  British sign language glossaries of curriculum terms . Retrieved 
February 13, 2016, from   http://www.ssc.education.ed.ac.uk/BSL/list.html      

    Sutton-Spence, R., & Kaneko, M. (2016).  Introducing sign language literature: Folklore and cre-
ativity . London: Palgrave.  

    Tolbert, S. (2015). “Because they want to teach you about their culture”: Analyzing effective men-
toring conversations between culturally responsible mentors and secondary science teachers of 
indigenous students in mainstream schools.  Journal of Research in Science Teaching, 52 , 
1325–1361.  

    Vosganoff, D., Paatsch, L., & Toe, D. (2011). The mathematical and science skills of students who 
are deaf or hard of hearing in inclusive settings.  Deafness and Education International, 13 , 
70–88.  

    Wang, Y. (2011). Inquiry-based science instruction and performance literacy for students who are 
deaf or hard of hearing.  American Annals of the Deaf, 156 , 239–254.  

    Wilson, C., Taylor, J., Kowalski, S., & Carlson, J. (2010). The relative effects and equity of inquiry- 
based and commonplace science teaching on students’ knowledge, reasoning, and argumenta-
tion.  Journal of Research in Science Teaching, 47 , 276–301.  

   Woodward, J. (1972). Implications for sociolinguistic research among the deaf.  Sign Language 
Studies, 1 , 1–7.  

    Yore, L. (2000). Enhancing science literacy for all students with embedded reading instruction and 
writing-to-learn activities.  Journal of Deaf Studies and Deaf Education, 5 , 105–122.    

A. Cameron et al.

http://bit.ly/1SHcypU
http://bit.ly/1SHcypU
http://dsq-sds.org/article/view/685/862
http://www.ssc.education.ed.ac.uk/BSL/list.html


   Part IV 
   Science Teacher Preparation 

                 

  The Project  
 The Inheritances Books are a collaborative project between Ichabod Crane High 

School’s Illustration and ELL students. It is made possible by a grant from the 
Berkshire Taconic Community Foundation. 

  The Student-Artist  
 Sanford Fels, grade 11, 16 years old.      
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    Chapter 20   
 Epilogue: Emergent Trends and Threads                     

     Alandeom     W.     Oliveira      and     Molly H.     Weinburgh    

      In addition to highlighting the complexities (theoretical and practical) of preparing 
school teachers to effectively support learning at the intersection of science and 
second language acquisition, chapters in this volume provide us with a more sophis-
ticated, theory-based understanding of the target pedagogical activity toward which 
science teacher preparation in content-based second language acquisition is aimed. 
More specifi cally, they help us better understand the nature of content-language 
integration in science as a pedagogical endeavor that involves simultaneous lexical-
ization and conceptualization of one’s experiences in a science classroom. 
Additionally, the preceding chapters illuminate the specifi c type of pedagogical 
expertise (i.e., knowledge and skills) that science teachers need to develop in order 
to effectively accomplish such an educational endeavor. These emergent themes are 
discussed below. 

    The Nature of Science-Language Integration 

 As indicated in our introductory chapter, integration of science and language learn-
ing is a highly complex and dynamic pedagogical endeavor wherein a skillful 
teacher (or team of co-teachers) dynamically provides learners with linguistic and 
epistemic scaffolds that enable simultaneous acquisition of both scientifi c knowl-
edge and an additional language. Such a dual acquisition process involves both 
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lexicalization and conceptualization of science classroom experiences (Fig.  20.1 ). 
Under the teachers’ guidance and in collaboration with peers, students lexicalize 
classroom experiences (i.e., put them into words) by describing physical actions 
performed, objects handled, and observations made while engaged in hands-on sci-
ence activities. New terms are acquired through objective reference and concrete 
language use such as naming, picking out, labelling, and pointing to real objects in 
the immediate physical and ostensive context. Words are mapped onto the physical 
world as speakers show a referent (tangible object) to each other and engage in  nam-
ing games  (Tomasello  2001 ). Additionally, students conceptualize their classroom 
experiences (i.e., articulate ideas and thoughts) by performing cognitive acts such as 
analyzing experiences, explaining observations, and inferring interpretations (i.e., 
making sense of experiences had). Content is acquired through abstract language 
use and conceptual reference to intangible entities (e.g., gravity, molecules) and by 
generalizing (deriving general principles beyond the immediate context).

   Consistent with the above perspective on science-language integration, teacher 
preparation programs invariably emphasized the importance of allowing second 
language acquisition students to experience science fi rsthand through inquiry-based 
pedagogy (Chaps.   8    ,   15    , and   17    ), small-group work, and demonstrations (Chap.   18    ). 
These science experiences were either paralleled or followed by various forms of 
verbal encoding/decoding activities wherein ideas were put into words (lexicaliza-
tion of science experiences) and words used to construct ideas (conceptualization of 
science experiences). Learning emerged from the pedagogically scaffolded packing 
and unpacking of ideas. Common among these activities were teacher-led whole- 
class discussions (Chap.   9    ), journal writing (Chap.   17    ), and visual supports (Chaps. 
  3    ,   13    , and   18    ). Only two programs favored use of the traditional science textbooks 
(Chaps.   2     and   14    ). These programs sought to prepare science teachers to effectively 

  Fig. 20.1    Science-language integration       
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scaffold second language acquisition students’ comprehension of textually encoded 
ideas, hence prioritizing textual experience over physical experience as a source of 
lexicalization and conceptualization.  

    Emergent Trends 

 A noticeable trend in science teacher preparation in content-based second language 
acquisition is the concerted effort made to ensure its theoretical coherence. More 
than merely providing science teachers with a set of “tricks of trade” (disconnected 
strategies or techniques), programs in the preceding chapters were designed to 
imbue in science teachers the ability to combine instructional pedagogies more 
holistically (i.e., went beyond mere adoption of isolated pedagogical strategies). 
Introduction to linguistic and epistemic scaffolds that could be used to support sec-
ond language students’ science learning was situated in larger, research-based 
frameworks such as systemic functional linguistics (Chap.   13    ), translanguaging 
(Chap.   17    ), assets/funds of knowledge (Chaps.   4     and   9    ), GLAD (Chap.   3    ), and 
CLIL (Chaps.   15     and   16    ). Rather than simply serving as a source of superfi cial 
“know-how,” these programs equipped science teachers with frameworks that 
enabled them to develop more solid, research-based understandings of the commu-
nicative processes underlying second language science teaching practices. 
Interestingly, several programs had pedagogical frameworks rooted in educational 
policies and documents such as the NGSS, CSSS, WIDA, CREDE, and 
CERF. Grounded primarily in widely accepted standards of excellence in teaching 
and learning, these programs emphasized offi cially endorsed expert knowledge and 
skills – content, pedagogies, and practices sanctioned by policy makers at the state, 
national, and international levels. 

 Another emergent trend is an apparent tendency among professional developers 
to extend science teacher preparation above the level of  lexicon  (content-specifi c 
words or terminology). In addition to educating science teachers to more effectively 
deal with the cognitive and linguistic demands of the specialized vocabulary of sci-
ence, several programs promoted science teachers’ expertise at higher linguistic lev-
els such as  utterances  and  genres . Consistent with genre-based approaches to 
teaching of a second language (Henry and Roseberry  1998 ), science teacher prepa-
ration programs focused on the  speech acts of science  – the specifi c types of discur-
sive moves that readers and writers typically need to be able to participate in any 
science activity such as posing a question, hypothesizing, and generalizing (for a 
more comprehensive list, see Chap.   16    ). As described in our previous work (Oliveira 
and Weinburgh  2016 ), such a conception of scientifi c language as social action 
assumes that the main purpose of language is “doing things,” and that what truly 
matters is what we socially accomplish by uttering something (rather than language 
structure). For instance, by uttering the words “what is a chemical reaction?,” a sci-
ence teacher performs the speech act of asking a question. Other chapters sought to 
increase teachers’ understanding of the rhetorical organization of written texts such 
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as rheme-theme patterns (Chaps.   2     and   14    ). Across these programs, we notice a 
general shift in focus from localized patterns of language structure to larger issues 
of language functionality, as well as clear potential to help science teachers develop 
more sophisticated understanding and improved ability to support language 
acquisition.  

    EL Science Teacher Expertise 

 The preceding chapters also allow us to outline the type of pedagogical expertise 
that science teachers need to develop in order to be able to effectively promote 
content-based second language acquisition. Looking across chapters, several under-
standings and skills stand out as being central to the emergence of such a teaching 
ability. These are listed on Table  20.1 .

   The list of pedagogical understandings and skills outlined on Table  20.1  begin to 
illuminate what it means to become an expert in second language science teaching. 
Despite its potential to inform the design of future professional development pro-
grams in this area, it should be noted that previous research on language teacher 
cognition has shown that effective language teaching is a highly contextual and 
dynamic pedagogical ability contingent upon a variety of situational factors. Borg 
( 2006 ) summarizes this body of research as follows:

  More expert language teachers are characterized by cognitions in which different forms of 
formal and experiential knowledge function as integrated whole and which enable teachers 
to envision learning potential in instructional contexts, anticipate problems and to respond 
(often improvisationally) in ways which are both technically skilled and sensitive to learn-
ers (p. 328). 

   Likewise, it can be argued that second language science teacher expertise does 
not develop in isolation of the social and institutional setting in which instructors 
have to work. While the above understandings and skills can inform science teacher 
cognition and practice in content-based second language acquisition, they should 
not be taken as a foolproof guarantee of success. Rather than developing a simplistic 
and static set of skills and understandings, science teachers need to ultimately 
develop the ability to capitalize on the dialect relationship between language and 
thought through thoughtful and contextually appropriate practice.  

    Future Work 

 While the professional development programs in this volume considerably extend 
our current understanding of how to prepare science teachers to effectively support 
emergent bilinguals’ concept and language acquisition, much remains to be done. 
Future work in this area will need to continue to explore the effectiveness of 
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introducing science teachers to the latest linguistic and epistemic supports at their 
disposal. One good example is the set of bilingual glossaries recently developed by 
the Offi ce of Bilingual Education and Word Languages in New York State (OBE-WL 
 2015 ). Meant to serve as reference material for teachers when planning lessons and 
students when taking State examinations, these bilingual glossaries provide direct 
translations of content-specifi c terminology from English to World languages com-
monly spoken among immigrant student populations in New York State (Fig.  20.2 ). 
Organized by subject area, these bilingual glossaries provide only direct translations 
of individual words (without being accompanied by defi nitions or explanations for 
each term). Word-to-word translation serves to accommodate second language 

    Table 20.1    Outline of second language acquisition science teacher expertise   

 The expert second language science teacher 
knows/understands… 

 The expert second language science teacher 
has the ability to… 

 The complex nature of scientifi c/academic 
language; 

 Simultaneously scaffold conceptual 
development and vocabulary development; 

 The process of second language acquisition;  Foster student mastery of the disciplinary 
language of science; 

 Language experientially and functionally 
rather than atomistically (mere accumulation 
of vocabulary); 

 Combine collaborative science inquiry with 
comprehensible input; 

 The areas of convergence and synergy 
between science and language; 

 Provide second language students with diverse 
visual supports (images, gestural signs) and 
written supports (journals); 

 That words can serve as concepts;  Go beyond pedagogical “tricks & tools”; 
 That science processes can be conceived in 
terms of productive/receptive language; 

 Build on second language students’ funds of 
knowledge through cognitively demanding, 
differentiated, language-rich tasks; 

 The key linguistic features of science texts;  Foster contextualized and authentic use of 
language in science through systematic 
content-language integration; 

 Scientifi c language as sense-making (not just 
vocabulary); 

 Adopt linguistically/culturally responsive 
pedagogy; 

 Language and content demands of educational 
policies such as NGSS and CCSS; 

 Take an asset-based approach (building on the 
strengths of second language students); 

 Themselves as “language planners”;  Engage students in meaningful classroom 
interactions; 

 The pedagogical value of translaguaging and 
multilingualism; 

 Make science texts accessible to ELs through 
language simplifi cation (without loss of rigor 
in content); 

 The importance of taking into account 
language during lesson planning; 

 Collaborate with language specialists. 

 Language-intensive pedagogical frameworks; 
 A variety of pedagogical supports (curricular 
materials and technology) for supporting 
second language students (linguistically and 
epistemically). 
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students linguistically but not epistemically – a pedagogical effort to separate lan-
guage from content. The effectiveness of introducing these specialized bilingual 
glossaries to science teachers during professional development as well as their 
potential impact on EL science achievement remain to be examined.

   In addition to these novel forms of curricular support, potentially useful techno-
logical devices are constantly being developed and placed at teachers’ disposal, 
often free of charge. One good example is  Rewordify , an open-source, online 

  Fig. 20.2    ( a ) Grades 3-12 bilingual glossaries for science subjects; ( b ) Snapshot from the English/
Bengali glossary for physical setting and earth science (high-school subject); ( c ) Snapshot from 
the English/Korean glossary for science grades 3-5       
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 program that enables teachers to conveniently and quickly simplify science texts 
through automatic rewording (  http://rewordify.com/    ). By systematically replacing 
more diffi cult words with more comprehensible words based on a large database 
(called Corpus of Contemporary American English), the program allows teachers to 
considerably reduce the diffi culty level of texts written in English and adapt them 
with the click of a button to a level that is more comprehensible for ELs to read. 
Another technological tool of great pedagogical potential is the app  Google 
Translate . This free computer program is capable of automatic translation of text, 
speech, image, or video. Downloadable to mobile devices (e.g., cell phones), this 
powerful device can be used by second language students to translate oral speech in 
real time and also pictures taken with their cell phone cameras, instantly. Like bilin-
gual glossaries, these technological tools remain to be systematically integrated into 
science teacher preparation programs in content-based second language 
acquisition. 

 In addition to increasing science teachers’ familiarity with the latest translation 
technologies for linguistically supporting second language students, professional 
development programs can benefi t from the incorporation of recent work on 
 translation- based pedagogies  – classroom activities wherein learners translate texts 
(written or audiovisual) to learn an additional language and content. In a recent 
issue on the pedagogical use of translation, Laviosa ( 2014 ) emphasizes that engag-
ing students in translation tasks (e.g., video subtitling, reverse subtitling, oral inter-
pretation, shadowing, meaning-based communication, etc.) can be effective in 
supporting student acquisition of an additional language as well as developing inter-
linguistic and intercultural competence, critical language awareness, problem- 
solving skills, and cognitive fl exibility. In the fi eld of science teacher education, 
more careful consideration needs to be given to effectively developing science 
teacher expertise in the design and implementation of such translation tasks as a 
means to promote learning of scientifi c content. As our previous work has shown 
(Oliveira et al.  2009a ,  b ; Quigley et al.  2011 ), translating to learn science is far from 
being a simple and straightforward endeavor as many complexities often arise (e.g., 
lack of specialized translation equivalents in the target language). 

 Lastly, there currently exists a growing need for research on how to effectively 
prepare science teachers to pedagogically support and meet the needs of students 
with a refugee background. Also known as  Students with Limited or Interrupted 
Formal Education  (SLIFE), this particular subpopulation of second language stu-
dents typically has more extreme needs that go far beyond having limited profi -
ciency in the language of instruction. With little or no formal education due to war, 
migration, or economic necessity, SLIFE have been shown to commonly face a 
variety of challenges when trying to adapt to western educational systems, includ-
ing feelings of isolation, cultural dissonance or incongruity due to very different 
assumptions about teaching and learning and unique orientation to education. As 
DeCapua and Marshall ( 2011 ) emphasize, “reaching SLIFE entails not only address-
ing language and content, but also addressing culture… these students have a very 
different learning paradigm from that of mainstream U.S. schools and face cultural 
dissonance” (pgs. 4–5). Effectively teaching SLIFE requires more than adoption of 
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culturally responsive pedagogy and provision of culturally relevant materials 
(Gordon and Yowell  1999 ). Supporting SLIFE science learning requires teacher 
awareness of these students’ often low levels of literacy in their fi rst language 
(Miller  2009 ) as well as familiarity with instructional models such as the  Mutually 
Adaptive Learning Paradigm  (DeCapua and Marshall  2011 ). 

 We would like to conclude this book by emphasizing the importance of effec-
tively preparing school teachers to embrace language and multilingualism as an 
important part of being an expert science educator. Rather than seeing themselves 
as professionals whose pedagogical expertise is limited to matters of content and for 
whom linguistic form does not matter, it is critical for science teachers to become 
more cognizant of the centrality of language to the human experience. As the 
Canadian poet Carl Leggo ( 1998 ) writes “everything is constructed in language, our 
experiences of lived time and lived space and lived body and lived human relation 
are all epistemologically and ontologically worded/lined/known/revealed/disclosed/
understood/lived in words” (p.175). Developing such a realization is of paramount 
importance if science teachers are indeed to become capable of effectively promot-
ing content-based second language acquisition and help all students develop a sci-
entifi c voice regardless of mother tongue or sociocultural background. This is our 
hope for this book.     
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