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Abstract 

Worldwide, an influx of immigration, has increased the heterogeneity of our classrooms. 

In light of today’s heightened teacher accountability, standards and high-stakes assessment, 

traditional ways of teaching need to change in order to effectively serve the needs of our 

culturally and linguistically diverse students. Therefore, a qualitative-interpretive study was 

conducted with ten science teachers working in six private, international schools based in 

Portugal, Spain, Switzerland, and Belgium with a focus on teacher perceptions, beliefs, teaching 

practices, and instructional resources used to teach science to English Language Learners 

(ELLs).  

Emphasis was placed on the specific teaching modalities and resources that science 

teachers use to support ELLs in their classrooms. It also addressed the needs of teachers to 

effectively teach science to ELLs. In response to the research questions, the thematic analysis 

revealed that the teachers working in these schools had a good awareness of ELL needs in 

science and wanted to make a difference for these learners. They perceived ELLs as quiet, but 

hardworking and motivated students. To some degree, the teachers used all seven modalities of 

teaching: reading, writing, speaking, listening, doing, interpreting, and representing, with or 

without the use of technology, and considered multimodality to be the most effective way to 

make science accessible to ELLs.  

Though not exhaustive, this research offers a set of pedagogical tools and resources for 

pre-service and in-service teachers to meet the needs of their ELLs in science. Furthermore, 

based on the teacher responses, the research identifies five key areas which are necessary for 

science literacy development of culturally and linguistically diverse students. These include: (i) 

teachers’ positive mindset and awareness towards ELLs in science; (ii) school leadership and 
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administrative support for ELLs; (iii) time, multimodality, and specialized professional 

development (PD) to scaffold science for ELLs; (iv) the provision of realistic opportunities to 

collaborate with the ELL or English Language Development (ELD) teacher; and (v) co-teaching 

science with an ELL/ELD teacher. I would hereby like to share the findings of this thesis and 

make these accessible to fellow science teachers in the hope that they will refer and/or utilize the 

proposed strategies and resources in their daily practice.  

Keywords: science literacy, English Language Learners and science education, 

multimodality, multiple representations, scaffolding, professional development, collaboration, 

co-teaching  
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Preface 

 
This research is not intended to be neither a theoretical nor a philosophical piece on how 

to teach science to English Language Learners (ELLs), but rather, is designed and presented as a 

pedagogical tool for future pre-service or in-service science teachers worldwide. This 

dissertation offers a myriad of instructional resources and materials that science teachers can use 

to make science content more accessible to their ELLs, which explains the extensive use of 

“figures”. Although, far from exhaustive, these instructional resources (inclusive of online 

resources) have been collated and recommended from the extensive repertoire of ten highly 

experienced science/science support teachers working in six private international schools based 

in Portugal (6 teachers), Switzerland (2 teachers), Spain (1 teacher) and Belgium (1 teacher). 

Given this small sample size, it may be viewed only as a “drop in the ocean”. However, as with 

all research, every “drop” can make a small improvement, generally, in our shared knowledge of 

educational practices, and specifically, in supporting ELLs in science. It is also intended to 

provide more confidence and inspiration for ELLs to pursue a future career in science.    
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Science Literacy for English Language Learners: A Qualitative Study of Teacher 

Practices in European Private International Schools 

In a changing world, heightened teacher accountability, standards and high-stakes 

assessment, traditional ways of teaching need to change given the increase in cultural and 

linguistic diversity in today’s classrooms. Worldwide, an influx of immigration has increased 

the heterogeneity of our classrooms, affecting the process of teaching and learning.  In the 

United States, for example, both the absolute size and percentage of English Language 

Learners (ELLs) is increasing (National Academies of Sciences, Engineering, and Medicine, 

2018). Similarly, in Canada, the 2016 Annual Report to Parliament on Immigration, stated 

that Canada admitted over 271,000 new permanent residents, the highest number since 2010 

(Government of Canada, 2016). It is estimated that 72.5% do not speak English or French 

(Statistics Canada, 2016). Likewise, in the United Kingdom, other European states, Australia, 

and New Zealand, the situation is no different. To date, English is spoken by approximately 

1.75 billion people worldwide – this is equivalent to one in every four people. The British 

Council estimated that in 2020, two billion people would use English or would learn to use it 

(Beare, 2018).   

With these global figures in mind, this research aims to explore, identify, and 

characterize teacher practices in science literacy integration for ELLs with the perspective to 

better understand ways to make science equally accessible to “All” students. This research 

also explores the perceptions, beliefs, and needs of science teachers to effectively integrate 

science literacy for ELLs. Although science literacy is a 21st century goal for all students, 

greater attention needs to be devoted to instructional practices and resources needed to help 

ELLs become more scientifically literate.  
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This research is based in the context of private, international schools in Europe, to 

better understand teachers’ practices for ELLs in the science classroom with a lens on the 

challenges teachers now face to teach science to ELLs. It is important to mention that 

although private international schools represent “privileged” contexts, unlike the more 

challenging realities of public schools, there is still scope to learn from teachers’ instructional 

practices with ELLs in science.  

 

Thesis Overview 
 

This thesis is organized in six chapters.  In Chapter 1, the literature review addresses 

the working definition of science literacy, which is used in the context of this research, as 

well as the need for science literacy integration, especially for ELLs. It also describes current 

approaches and programmes to support ELLs and addresses the current challenges and 

opportunities for teaching science to ELLs – advocating for the use of multimodality and 

multiple representations (MRs) to support ELLs in the science classroom. The chapter ends 

with a comprehensive description of the seven modalities of teaching (i.e., reading, writing, 

speaking, listening, doing, interpreting, and representing, with or without the use of 

technology) and contemplates on a more holistic approach for ELLs in science. 

Chapter 2 addresses my conceptual framework as well as presenting the research 

questions. These questions intend to globally focus on: (i) teachers’ perceptions and beliefs 

regarding science literacy for ELLs; (ii) teaching strategies or resources to support ELLs in 

science using different modalities; and (iii) teacher needs to effectively integrate science 

literacy for ELLs. 

Chapter 3 presents my methodology with a focus on my research background, 

epistemology, and research design, the research context, the recruitment process, the research 
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methods, data collection, and data sources. It also provides an in-depth explanation of my 

data analysis and its process, and justifies the approaches used to ensure the trustworthiness 

of my data. The chapter concludes with the ethical considerations taken and addresses the 

limitations of the study. 

Chapter 4 presents the findings on teachers’ perceptions and beliefs regarding science 

literacy for ELLs. It unveils the teaching modalities and/or instructional resources used by 

teachers to support ELLs in their learning of science. Finally, it addresses the need of science 

teachers to strategically and positively integrate science literacy for ELLs. These findings are 

the fruit of many interactions with ten participating teachers and are supported by the 

evidence gained during the analysis of diverse sources of data. 

A discussion of the findings is addressed in Chapter 5. In this chapter, the findings I 

gathered from the teacher-participants are in most part supported by the existing literature and 

empirical studies relevant to this research domain. Finally, Chapter 6 provides some 

concluding remarks on the future of ELLs in science and addresses the contributions of this 

research to the field and practice of science education for ELLs.  

Chapter 1: Literature Review 

This literature review addresses the complexity of finding a common definition for 

science literacy. Hundreds of definitions and interpretations have been proposed since as 

early as the 1960s, and many programmes have been developed to promote science literacy in 

schools throughout the world. However, despite all the efforts for science literacy 

development, the ELL community remains underserved in this domain. This is largely due to: 

(i) teacher perspectives and views towards ELLs; (ii) the increasing demands, time constraints



4 
SCIENCE LITERACY FOR ENGLISH LANGUAGE LEARNERS 
 
and lack of institutional structures to support effective collaboration between the science and 

ELL/ELD teacher(s); (iii) the paucity of effective scaffolding in science for ELLs due to a 

variety of reasons which will be discussed; and (iv) finally, the need for multimodality 

complemented by the use of multiple representations in science. 

 

The Need for Greater Science Literacy Integration in Education 
 

Ever since Paul DeHart Hurd’s coining of the term “science literacy” as early as 1958, 

there have been hundreds of definitions of science literacy (Hurd, 1958). In fact, Layton, 

Jenkins and Donnelly (1994) found 270 meanings and rationales for science and 

technological literacy. This has resulted in the lack of a shared or common understanding of 

the mantra “Science Literacy for All.” To date, there is no “universally” accepted definition 

of science literacy (Roberts, 2007), and it has often been referred to synonymously with 

scientific literacy. For the purpose of this research, the term “science literacy” has been used, 

as this is indeed the term and viewpoint adopted by most science teachers (practitioners). 

Yore et al., (2003) define science literacy as: 

abilities and habits-of-mind required to construct understandings of science, to apply 

these big ideas to realistic problems and issues involving science, technology, society, 

and the environment, and to inform and persuade other people to take action based on 

these science ideas. (p. 690) 

Norris and Phillips (2003) emphasize the relationship between two components in 

science literacy: the fundamental sense of science literacy and the derived sense of science 

literacy. Literacy skills such as reading, writing, speaking, listening, etc. represent the 

fundamental skills needed to learn science content, whereas being knowledgeable and/or 

scientifically educated in order to make “real-life” decisions, constitutes the derived sense of 
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science literacy. Both the fundamental and derived sense of science literacy work hand-in-

hand (Norris & Philips, 2003; Ritchie et al., 2011). Since this research project focuses on 

teacher practices to support ELLs in the science classroom, it adopts the fundamental sense of 

science literacy. 

To date, there are several programmes aimed at promoting science literacy worldwide. 

Both Anthony et al. (2010) in North America, and Vieira and Tenreiro-Vieira (2016) in 

Europe, provide a comprehensive summary of these programmes focusing on pedagogical 

approaches to encourage reading, writing, speaking, or inquiry, etc. in science. In North 

America, two renown integrated science and literacy studies include: Concept-Oriented 

Reading Instruction (CORI) and the In-Depth Expanded Applications of Science (IDEAS).  

CORI was designed to support reading, reading motivation and comprehension 

strategies in science texts amongst third-graders from two schools in a small city located in a 

mid-Atlantic state (Cervetti & Pearson, 2012; Guthrie et al., 2004). Five motivational 

practices were integrated along with six cognitive strategies for reading comprehension. The 

motivational practices included: (i) using content goals for reading instruction; (ii) offering 

choices and autonomy to students; (iii) providing hands-on activities along with the texts; (iv) 

using interesting texts for instruction; and (v) organizing collaboration for learning from texts 

(Guthrie et al., 2004).  Whereas the instruction on “strategy” was intended to support 

students’ development of self-efficacy for reading comprehension. The results were that 

students in the CORI classrooms were higher than their comparative Strategy Instruction and 

Traditional Instruction students on measures of reading comprehension, reading motivation, 

and reading strategies (Guthrie et al., 2004). Overall, students in the CORI programme 
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showed an increase in the understanding of science concepts, motivation, and text 

comprehension (Cervetti & Pearson, 2012; Tong et al., 2014). 

Similarly, the Science IDEAS research initiative of integrated science and language 

instruction with a focus on science, reading comprehension and writing, included six main 

components (hands-on activities, reading, journaling/writing, propositional concept maps, 

application activities, and integration of prior knowledge/cumulative review) in Grades 3-5 

(Romance & Vitale, 2012). This model has proven over the years, that students involved with 

the Science IDEAS programme have outperformed those students receiving separate 

language arts and science instruction on a range of reading and science texts, as well as in the 

areas of self-efficacy and attitudes towards science (Pearson et al., 2010; Romance & Vitale, 

2012).  

One commonality that these and other integrated science literacy programmes share is 

the explicit instruction of literacy embedded in science content. Research informs us of the 

importance of embedding literacy in science content, especially in middle and high school 

(Shanahan & Shanahan, 2008). This becomes even more relevant for ELLs, who are 

burdened by the double challenge of learning both language and science content 

simultaneously.  

 

Embedding the Language and Content of Science 

Language and content are interrelated; one cannot exist without the other. Language is 

the essence of any curriculum and hence cannot be separated from content (Barwell, 2005a, 

2005b; Huang & Morgan, 2003). For example, a study by Tong et al. (2014) demonstrated 

that students receiving a literacy-embedded science instructional intervention, outperformed 

those who did not. The current dilemma is that many secondary school students are reading 
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and writing at proficiency levels well below their required standard (Shanahan & Shanahan, 

2008).  Furthermore, Logan and Skamp (2008) as well as other researchers inform us that 

students’ interest in science declines in middle school, especially as they transition from 

middle into secondary school. 

Teaching both literacy and content may contribute to making science more accessible 

to “All” students, ensuring greater equity. Within the teaching profession, practitioners need 

to be mindful and recognize that given the changing landscape of their current classrooms, 

“every teacher is a language teacher” (Osborne, 2002, p. 207).  By recognizing this dual role 

as language teachers, or as active collaborators with their language arts colleagues, science 

teachers now need to give more attention to the teaching of language structures and functions, 

key vocabulary, and to the conventions of academic discourse necessary to fully access the 

science curriculum.  

Additionally, the teaching and inclusion of culturally and linguistically diverse 

students requires the understanding that ELLs can indeed be challenged with higher-level 

cognitive tasks and abstract curricular content, regardless of their stage of language 

acquisition (Verplaetse, 1998). This calls for the implementation of a culturally responsive 

pedagogy ˗ one that can recognize and celebrate student diversity and draw upon prior 

knowledge and language abilities (Lee, 2003; Settlage & Southerland, 2012).  

 

Who are ELLs? Instructional Approaches to Support ELLs in the Science Classroom 

Many acronyms have been used to refer to ELLs. These include English Learners 

(ELs), students of English as a Second Language (ESL), students of English as an Additional 

Language (EAL), Culturally and Linguistically Diverse (CLD) students, and now, the World-
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Class Instructional Design and Assessment’s (WIDA) widely used term, multilinguals (MLs). 

Since this research was conceived several years ago and has been ongoing, the term ELL will 

be utilized in this dissertation. ELLs are defined as “students who are learning the language of 

instruction at the same time as they are learning the curriculum and developing a full range of 

literacy skills” (Ontario Ministry of Education, 2008, p. 5). Cummins (2000), a global expert 

on ELLs, as well as other researchers on second-language acquisition, inform us that the 

basic interpersonal communicative skills (BICS), everyday oral skills that students use to talk 

about concrete things, takes approximately two to three years to achieve; however, cognitive 

academic language proficiency (CALP), otherwise known as academic proficiency, requires 

a minimum of five years to achieve (Collier, 1989; Hakuta et al., 2000). Essentially, CALP 

requires the ability to read textbooks, to understand what is spoken or read, and to write 

and/or to argue content-related issues. Therefore, ELLs who may not have developed CALP, 

may be at a disadvantage in content classrooms such as science (Torres & Zeidler, 2002). In 

fact, based on my experience as a science teacher, many of these ELLs often “slip through the 

cracks” and go unnoticed.  

A great deal of research has been conducted on bilingual education and immersion over 

the last three decades; these include Baker (2011), Bialystok (2007), Cummins (2000), Genesee 

(1994), Johnson and Swain (1997), and Snow et al. (1989), just to name a few. Hence, rather 

than restate what reputable experts in the field have already presented about bilingual education 

and immersion, I will briefly summarize the key lessons learned about immersion programmes 

in North America, as they can assist in the design and development of content-based instruction 

for ELLs.  
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There are three main lessons to be gained from immersion programmes conducted in 

both Canada and in the United States. When applied to science, the recommendations for 

teaching science to ELLs would look something like this: (i) science and language development 

need to be “integrated” because language taught in isolation has proven to be ineffective; (ii) 

active discourse and argumentation is an important component of second language acquisition 

and needs to be promoted whenever possible in the science classroom; and (iii) language 

development should be systematically embedded within all areas of science (inquiry, reading, 

writing, interpreting, etc.) in order to enhance language learning (Genesee, 1994). With these 

broad goals in mind, it is important to critically review some of the existing programmes and/or 

models that have been used to teach ELLs in science. These include: Cognitive Academic 

Language Learning Approach (CALLA), Content and Language Integrated Learning (CLIL), 

Sheltered Instruction Observation Protocol (SIOP), as well as multiple empirical studies 

relating to the teaching of science for ELLs. The affordances and limitations of these 

programmes and/or models will now be analyzed with the perspective of suggesting effective 

practices for teaching ELLs in science.  

 

Cognitive Academic Language Learning Approach 
 

One interesting approach for teaching ELLs is the Cognitive Academic Language 

Learning Approach (CALLA), originally proposed by Chamot and O’Malley in 1986. CALLA 

is based on cognitive learning theory and has shown positive results in both math and science 

as well as in other disciplines, to a smaller extent. CALLA operates on the premise that learners 

are “mentally active” participants who engage in metacognitive, cognitive, and social/affective 

strategies (Chamot et al., 1992). Essentially, by engaging in CALLA approaches, teachers 

create opportunities for their students to reflect on their own learning, to develop strategic 
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approaches towards content material, and to engage in active problem-solving (Chamot, 1995). 

Enabling students to become more aware of their mental processes, helps them to reclaim any 

prior knowledge, to revisit any misconceptions, and to incorporate new concepts and theories 

in science. Students can do this independently, in small groups, and/or in pairs.  

In principle, this sounds very promising. However, it presupposes that the student must 

demonstrate enough proficiency with the English language in order to perform in science. 

Intermediate or advanced ELLs are likely to benefit from such an approach; whilst beginner 

ELLs will be at a disadvantage. In addition, age, developmental appropriateness, and cognitive 

ability, seem to be important considerations for CALLA. Younger children and students with 

exceptionalities do not seem to meet the CALLA requirements.  

Although not every approach is perfect for all, new ways are indeed necessary to 

integrate metacognition into the learning process. In a science classroom, teachers need to 

identify students’ misconceptions, monitor, and evaluate them, as well as ensure that these are 

adequately juxtaposed with informed scientific knowledge (Yore & Treagust, 2006). Science 

education in the 21st century extends beyond reading, writing, speaking, and listening; it 

encompasses reading, writing, speaking, listening, as well as doing, interpreting, and 

representing (with or without the use of technology). Hence, the objectives of CALLA would 

need to be expanded further in order to integrate these skills.   

 

Content and Language Integrated Learning 
 

Content and Language Integrated Learning (CLIL) has been used extensively in thirty 

European countries, as well as in Asia and South America, since its launching in 1996 (Dalton-

Puffer, 2011). CLIL uses a foreign language to teach a disciplinary subject such as science, 

math, social studies, geography, etc., or is alternatively used in pilot studies.  In this programme, 
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the content and language objectives are merged (Nikula, 2015). CLIL aims to incorporate 

regional and/or minority languages, as a means to fulfill the European Union policy 

requirements for developing multilingual citizens. To date, however, English is the most 

common language used in CLIL (Dalton-Puffer & Smit, 2013; Jäppinen, 2005).  

Although it is claimed that many CLIL students outperform non-CLIL students in 

reading, writing, speaking, and listening (Merino & Lasagabaster, 2018), thus far, the effects 

of this approach on the mother tongue (L1) as well as on content acquisition, remains uncertain. 

This is largely because CLIL still lacks a “robust contextualized framework with clear aims 

and projected outcomes” (Coyle, 2007, p. 546). In addition, given the complex 

interrelationships between language, learning, and content acquisition (or competence) 

(Evnitskaya & Morton, 2011), the evaluation of CLIL programmes remains questionable. The 

vast diversity and widescale flexibility of CLIL programmes, and more specifically, how it is 

implemented; at what age; which curricular disciplines it is integrated in; which types of 

materials/resources it uses; and/or, for which duration, also make any generalizations about 

CLIL very difficult. 

Pérez-Cañado (2012) suggests several concrete research areas for CLIL in the future. 

These include the need for: (i) research-based empirical studies; (ii) longitudinal studies to 

complement cross-sectional ones; (iii) assessment of both language and content; (iv) 

methodological analyses and teacher observations; (v) information on teacher language 

training, linguistic abilities, support systems, assessment methods, collaboration, coordination 

etc.; and (vi) the implementation of mixed methods research designs using sound variables and 

statistical methodologies. 
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Having worked with CLIL within a private international school context, my personal 

opinion suggests that the discourse in science is complex enough. The academic language of 

science includes hypotheses, investigations, data collection, interpretation, sharing of findings, 

and the drawing of conclusions (Chamot & O’Malley, 1986; Hart & Lee, 2003). Trying to teach 

science through a foreign language should ideally be taught by a mother tongue teacher. Unlike 

immersion programmes, in CLIL programmes (Lasagabaster & Sierra, 2010) this has not been 

the case. As such, both the language and content are likely to be affected. In addition, for CLIL 

to work effectively in science, there needs to be close collaboration between the science and 

ELL/ELD and/or bilingual teacher. Although this is a critical aspect of any bilingual 

programme, it has unfortunately not occurred (Brown & Bentley, 2004) and will be addressed 

later on.  

 

Sheltered Instruction Observation Protocol 
 

Sheltered Instruction Observation Protocol (SIOP) is an instructional framework which 

promotes both content (such as science) and language development. Sponsored by the United 

States national Center for Research on Education, Diversity & Excellence (CREDE) and 

funded by the US Department of Education (1996-2003), it was developed as an observation 

tool to assess sheltered instruction techniques (Echevarria & Vogt, 2010; Kareva & Echevarria, 

2013). Overall, it provides several useful tools for teachers working with ELLs in the areas of 

reading, writing, speaking, and listening. These include clearly defined content and language 

objectives for each lesson, diversified materials such as special texts, adapted or bilingual 

books, audiotapes, visuals etc., as well as a host of meaningful activities, aimed at activating 

the prior knowledge of students. In addition, SIOP promotes cooperative learning opportunities 
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for student engagement with the aim of maximizing the socialization process, which is so 

critical to learning.  

There are multiple affordances associated with SIOP, and in schools where SIOP has 

been implemented to a high degree, the improvements in second language acquisition have 

been significant (Kareva & Echevarria, 2013). However, its systemic implementation across a 

widescale educational system warrants some caution. First, the lesson-by-lesson planning 

approach advocated by SIOP can be perceived as rather taxing for mainstream or content 

teachers, who may value a less prescriptive and more creative approach to teaching. Moreover, 

authentic or meaningful experiences in teaching often occur outside the confines of structured 

lesson plans. Having to adhere to the eight-tiered planning and delivery components of SIOP: 

(i) preparation; (ii) building background; (iii) comprehensible input; (iv) strategies; (v) 

interaction; (vi) practice and application; (vii) lesson delivery; and (viii) review and assessment 

(Echevarria, 2005; Echevarria et al., 2008) may be viewed as constraining and may cause some 

degree of frustrations among educators.  

In addition, professional development on SIOP for both pre-service and in-service 

teachers would need to be ongoing and funded long-term to ensure its widescale 

implementation. Given current budgetary cuts in education, this seems problematic. SIOP 

would also have to become a systemic component of all teacher education programmes; which 

has not been the case to date. Finally, similarly to CALLA, the SIOP programme also focuses 

on reading, writing, speaking, and listening, and hence would need to be expanded to include 

doing, interpreting, and representing, with or without the use of technology.  

Although, there is a great deal of literature on developing science literacy in 

classrooms (Hand et al., 2003), research on science teaching for ELLs is less exhaustive.  In 
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addition, most studies on science and ELLs are for elementary school, not for middle or 

secondary school (Amaral et al., 2002; Brown & Ryoo, 2008; Stoddart et al., 2000; Zweip & 

Straits, 2013). This welcomes the need for greater research in this area. 

 

Current Challenges and Opportunities for Teaching Science to ELLs 

A science programme which aims at supporting its ELLs should not be an over-

simplified programme, but rather one which has been adequately differentiated for linguistic 

purposes. Today, several challenges persist in the teaching of science to ELLs. These include: 

(i) conflicting teaching perspectives and views of ELLs in content courses such as science; 

(ii) the need for collaboration between the content and ELL/ELD teacher; (iii) difficulties 

with scaffolding for linguistic purposes as a result of time constraints, curricular demands, 

increasing administrative tasks, and/or lack of training; and (iv) the recognition that ELLs 

have a greater need for multimodality and multiple representations in science, and as such, 

require pedagogical changes to the traditional ways in which science is taught. 

 

Teacher Perspectives and Views of ELLs in Science 

The attitudes of content teachers, including science teachers and their observed lack of 

understanding regarding the linguistic needs of ELLs has promulgated a “deficit view”, which 

builds on the assumption that ELLs are likely to perform less well than non-ELLs (Fradd et 

al., 2001; Meltzer & Hamann, 2005). In addition, given the rising number of ELLs 

worldwide, common sentiments of mainstream teachers who work with them have been ones 

of frustration, lack of time, lack of training, and unpreparedness (Verplaetse, 1998; Youngs & 

Youngs, 2001). Unfortunately, teacher-training to date, has not addressed this issue 

satisfactorily. Research informs us that 75% of ELLs are placed into classrooms with teachers 
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who have had no specialized training in second language acquisition and/or bilingual 

education (Wei et al., 2009). 

Teachers are accustomed to standardized norms of classroom participation and 

mainstream expectations, which are often incompatible with the different knowledge-base 

inherent in their students’ culturally diverse learning experiences (Ghosh & Galczynski, 

2014). In addition, Arkoudis (2003) states that “teachers’ views of language and teaching are 

embedded with their subject and disciplinary prejudices and biases” (p. 171). Science 

teachers may also have different disciplinary epistemologies, which creates a gap between 

themselves and their ELL/ELD teacher colleagues (Janzen, 2008).  

Chamot and O’Malley (1986) mention that junior-high and secondary science teachers 

have gone so far as to request that their ELLs not be allowed in their science classes until they 

have reached an adequate level of linguistic and academic proficiency (August & Hakuta, 

1997; Chamot & O’Malley, 1986). This is because most content teachers view themselves as 

subject teachers rather than language teachers (Baker & Saul, 1994). As a result, teacher 

identities and views of language and teaching have been at odds with each other. In addition, 

cooperation between science and ELL/ELD teachers has not always been easy (Brown & 

Bentley, 2004; Creese, 2005). As such, teachers need to evaluate their own identities, as well 

as their influences on student learning (Lee, 2003). One way of doing so is to realize that a 

content teacher is not an island; he/she needs to partner with the ELL/ELD teacher. 

 

Collaboration Between Content and ELL/ELD Teachers 
 

Content-teachers are indeed specialist teachers (especially at secondary school levels); 

whilst ELL and/or bilingual teachers are language specialists with expertise in language 

acquisition. Since many science teachers may not be trained nor certified to teach ELLs, 
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collaboration between content-teachers and ELL/ELD and/or bilingual teachers is likely to 

open up new possibilities in science education (Janzen, 2008).  

In the case of teaching ELLs, not only is it important to break down any deficit 

attitudes and views of ELLs which create barriers, but it is recommended to engage in 

constructive collaboration with ELL/ELD and/or bilingual teachers (Snow et al., 1989). This 

implies a process of negotiating understandings of pedagogy, which Arkoudis (2003) refers to 

as epistemological reconstruction (p. 171). In tandem, the collaboration between content and 

language teachers can create an instructional environment which is more culturally congruent 

with the diversity and realities of the classroom (Lee, 2004, 2005; Lee & Avalos, 2002; Slater 

& Mohan, 2010). 

 

Scaffolding for Linguistic Purposes 
 

Scaffolding is important for content mastery (Zhang, 2016). However, scaffolding 

science for ELLs is not second nature to all teachers. Zhang (2016) mentions that several 

school districts have assigned to ELLs a similar list of accommodations provided to students 

with exceptionalities (or special needs), even though their challenges are purely linguistic and 

not cognitive in nature. Hence, a role exists for intervention programmes which promote 

collaboration with ELL/ELD specialists. Specialized PD is also important to assist teachers in 

preparing lessons which skillfully scaffold the teaching of science, alongside an acquired 

understanding of the needs of ELLs. What does this process of scaffolding really entail? 

Lyster and Ballinger (2011), define scaffolding as “questions and feedback designed 

to support language learning while fostering students’ cognitive engagement with content in a 

language they know only partially” (p. 283). Fortunately to date, given the push for SIOP, 

CLIL, and other content-based language teaching (CBLT) programmes, research has shown 
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that some content teachers do try to scaffold science without compromising content (Lyster & 

Ballinger, 2011).   

Several teaching strategies can indeed aid and support ELLs in the science classroom. 

These include: (i) cooperative learning groups; (ii) extra “wait time” following a teacher’s 

question; (iii) heterogeneous pairing or grouping (i.e., a non-ELL student with an ELL 

student); (iv) purposeful grouping (i.e., keeping ELLs together); (v) using supports such as 

study guides, sentence frames, as well as the explicit teaching of texts; (vi) frequent 

repetition;  (vii) the use of a “working” word wall; (viii) complementing visual supports for 

texts; (ix) the use of technology; (x) alternative formative and summative assessments; (xi) 

tiered questions, and so on (Lucas & Villegas, 2013; Munro et al., 2013; Olson et al., 2009). 

Here are some concrete examples of scaffolding used in science. 

 

Figure 1 

Scaffolding of a Science Question Using a Diagram as an Example 

Munro et al., (2013), p. 41. 
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Figure 2 

Scaffolding of a Science Question Using Labelling, a Glossary, and Reduced Text 

 

Munro et al., (2013), p. 39. 

Figure 3 

Scaffolding of a Science Test Question Using Sentence Frames 

 
Munro et al., (2013), p. 41. 
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Regretfully, these scaffolds are exemplary, and are not the norm in today’s science 

classes. ELLs remain at a disadvantage in the science classroom compared to their native 

English-speaking peers.  The working hypothesis of this research posits that given the rapid 

rate of globalisation and the existing diversity of classrooms, teacher scaffolding using 

multimodalities such as reading, writing, speaking, listening, doing, interpreting, and 

representing, with or without the use of technology, when combined with the use of multiple 

representations, is an effective way to support ELLs in science. The adaptability of teachers, 

if they are provided with adequate training to meet such needs, is hence critical. Figure 4 is a 

useful tool on how to scaffold for ELLs in science. 

 

Figure 4  

Simple Ways to Scaffold for ELLs in Science 

 

Adapted with permission from Dr. Irina McGrath. ELL2.0 https://sites.google.com/view/ell20 

https://sites.google.com/view/ell20
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Use of Multimodality and Multiple Representations to Teach Science to ELLs 
 

Gillies and Baffour (2017) state that for ELLs, expressing their understanding or 

knowledge using diverse representations is highly desirable. They claim that “scientific 

literacy involves students being able to interpret and use different representations including 

language, text, diagrams, tables, models, drawings, portfolios, artefacts, and embodied forms 

such as gesture, role play and exhibitions of performance” (p. 493). Researchers advocate that 

this can be accomplished through multimodality and multiple representations.  

Multimodality is the process of teaching for meaning-making using several kinds of 

modes (Klein & Kirkpatrick, 2010). Overall, multimodality research examines how students 

make sense of representations which are expressed and socially negotiated using diverse 

modes (Tang et al., 2014). Beneficially, multimodality instruction complements Lev 

Vygotsky’s social constructivist theory which focuses on the social component of meaning-

making. Knowledge acquisition cannot occur in a vacuum because we are surrounded by the 

animate and inanimate objects of a material world, as well as cultures, social structures, 

norms, and human interactions. Knowledge acquisition is social in nature. A student is not an 

isolated body or entity that is free of stimuli; on the contrary, he/she is continuously 

interacting socially, culturally, and historically. Hence, when concepts are acted upon or 

communicated within a social-cultural context, that knowledge can more effectively be 

constructed (Bächtold, 2013; Cummins, 2007; Kruckeberg, 2006).  

Whereas multiple representations consist of asking students to represent the same 

concept using different representational forms, including verbal, graphic, numerical formats 

or by simply questioning students about their own productions (Berthold & Renkl, 2009; 

Tang et al., 2014). Essentially, it extends beyond the standard representation of a single 
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artefact, to a process of re-representation. This may involve reading, writing, giving an oral 

presentation, drawing etc. to demonstrate scientific meaning (Cazden et al., 1996). Yore and 

Hand (2010) state “Give a learner a representation and he/she may learn the concept; but 

encourage a learner to develop insights into creating representations of mental images/ideas, 

and she/he will learn forever” (pp. 94-95).  

The sequential process of representation and re-representation suggested by Hubber et 

al. (2010) suggests that students are involved in co-constructing knowledge and in sharing 

meaning with their peers, their teacher (facilitator), and/or independently. One of the roles of 

the teacher may consist in providing their students with access to these multimodal and social 

opportunities for concept-building in the classroom setting (Yore & Hand, 2010). In addition, 

teachers can teach their students how to interact and make constructive uses of the different 

modes of representation. Students should be able to identify the benefits and/or shortcomings 

of these diverse modes of representation, so that they can better discern the contexts which 

they work with in their everyday science classes.  

Actively engaging students with multimodal teaching and multiple representations not 

only maximizes ownership of their learning, but it can also increase social interaction and 

develop the critical thinking skills of students (Alvermann, 2004). However, it is important to 

use caution, as specific representations may serve some students better than others.  Prain and 

Waldrip (2006) state that “these modes of representation have different strengths and 

weaknesses in terms of precision, clarity, and associative meaning, and … students need to 

understand these … representations, as well as their integrated use to represent scientific 

concepts, especially in upper secondary” (p. 1844).  In the same vein, Ainsworth (2008) alerts 

educational software designers about the excessive load of representational information used 
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in science animations, simulations etc. It is the responsibility of the students, and not only the 

teacher, to become better judges of the affordances and the limitations of diverse modes of 

representation. But how do teachers “really” teach science in their everyday classrooms?  

 

Teaching Modalities Used in Science 
 

Norris and Phillips (2003) identify seven modalities of teaching and learning in 

science. These include: reading, writing, speaking, listening, doing, interpreting, and 

representing, with or without the use of technology. These modalities have been used as the 

backbone of this research and will be addressed individually. It is important to mention 

however, that these modalities complement each other. For example, modalities such as 

reading and writing; listening and speaking etc., go hand-in-hand. The holistic combination of 

all these seven modalities will be discussed further on. 

 

Reading 
 

Reading in science, as well as in other disciplines, promotes collaboration, discussion, 

metacognitive conversations between students, as well as vocabulary acquisition and 

comprehension, especially when it adopts different genres of science texts (i.e., lab reports, 

journals, popular magazines, science trade books, etc.). In this regard, Cervetti and Pearson 

(2012) place a great deal of emphasis on reading in the science classroom. Students are not 

only exposed to science texts, but also to interpreting data such as tables, graphs, diagrams, 

figures, etc. That said, the complexity and specificity of science terminology cannot be 

underestimated, especially as they pose challenges for ELLs.  

Some teachers also assume that ELLs can easily use dictionaries, and/or rely on their 

first language, but this is not the case for “all” students who may have been educated 
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elsewhere, and/or for refugees or immigrants who may have experienced education or literacy 

gaps given their life situations (Miller, 2009). As such, the teaching of vocabulary, use of 

picture dictionaries, and/or word walls, provision of unit glossaries, etc. are all tangible ways 

to scaffold reading for ELLs (Case, 2002; Goldenberg, 2008).  

To date, time constraints, overloaded curricula and schedules, dense texts, as well as 

the fact that science teachers do not view themselves as literacy teachers, are all reasons 

which prevent content teachers from implementing effective reading practices in their science 

courses (Fang & Wei, 2010; Rivard et al., 2012). In fact, several studies in Canada, the 

United States, the United Kingdom, and Australia confirm that negligible time is devoted to 

reading in content classes. This is further exacerbated by the fact that the intrinsic motivation 

of students to read is reduced in middle school (Guthrie & Wigfield, 2000).  

Despite this, research does inform us of the multiple affordances of reading in 

content-based classes. A few examples include: a National Science Foundation (NSF) funded 

project called, Seeds of Science, Roots of Reading, designed by both science and literacy 

educators, which implemented the explicit reading of instructional texts, reading routines and 

levels, vocabulary development skills, and reading comprehension tasks into the science 

inquiry activities of twenty, second- and third-grade classes, against twenty-four comparison 

classrooms in California. Using pre- and post-testing procedures, as a result of the embedded 

reading texts, researchers found significant gains in science knowledge, literacy, and 

vocabulary development (Stoddart et al., 2010).   

Likewise, the Science Instruction for All (SIFA), also funded by the NSF, was a three-

year study and curricular intervention with six schools and twenty-one, third- and fourth-

grade teachers, in the San Francisco Bay area. This programme focused on science and 
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literacy-integrated instruction, resulting in positive achievement in science (Stoddart et al., 

2010), especially in children of Asian and Spanish backgrounds. 

Promoting Science among English Language Learners (P-SELL) represents a large-

scale integrated science and literacy development project aimed at third-grade ELLs in seven 

urban elementary schools in Florida. Once more, pre-, and post-instruction assessment 

showed significant gains in science understanding compared to the control groups (Stoddart 

et al., 2010). Many more studies have been conducted on science embedded English language 

and literacy development (Carrejo & Reinhartz, 2014; Dong, 2002; Tong et al., 2014). 

Whereas, Hapgood and Palinscar (2006) focused on the benefits of inquiry-based science for 

the development of literacy. The observed benefits of inquiry-based science included greater 

critical thinking and vocabulary development during science discourse; direct participation in 

inquiry; the use of multiple representations; and more in-context reading using a diversity of 

texts.   

Regarding the importance of reading in science, while remaining cognizant of the 

difficulties inherent in reading science, Patterson et al. (2018) discuss the relevance of science 

teachers to learn a repertoire of reading strategies in order to effectively tackle science texts 

with ELLs in their classrooms. Students will not only benefit from their understanding of 

expository texts which they read in science, but they will learn even better when accessing 

their prior knowledge to make inferences about scientific texts, charts, tables, diagrams etc. 

This implies, for the students, the ability to decode both texts and visualizations.  

One way to encourage reading practices in the science classroom, is to provide 

students with authentic and diverse science texts from which they can choose. Guthrie et al. 

(2004), corroborate with this idea. They state: “When students are interested in what they 
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read, they process material more deeply” (p. 416). Most studies on integrated reading in 

science show that meaningful texts and engaged reading activities are critical to knowledge-

building, and hence, learning. “[S]cience learning entails and benefits from embedded literacy 

activities and literacy learning entails and benefits from being embedded within science 

inquiry” (Pearson et al., 2010, p. 462). Hence, when teachers offer their students choice 

which links to their interests, this motivates them to read science and provides them with a 

diversification of texts, which also takes into account their reading abilities. This is often not 

the case when students, especially ELLs, are asked to use their dense, science textbooks.  

The lexical density (or content words per clause) in science is very high. Moreover, 

the language of science is enriched with specific vocabulary, nominalizations (complex noun 

phrases), passive voice, technical words, and multiple semantic forms (Bruna et al., 2007; 

Shanahan & Shanahan, 2008; Swanson et al., 2014). This complexity may affect both the 

reading and writing of science. Therefore, by scaffolding strategies for reading such as 

teaching students Latin and Greek prefixes and suffixes; identifying cognates (a word that has 

the same origin in another language); explicitly teaching sentence or grammar frames and so 

on - these are all ways which are likely to build students’ abilities with various genres of 

science texts (Parkinson et al., 2007). Such methods of scaffolding, benefit the reading skills 

of all students, especially ELLs.  

Although several of the above-mentioned studies have shown gains in science 

understanding for ELLs, all of them have been implemented at the elementary school level. 

Middle and high school students are not reflected in these science literacy development 

projects, in spite of the fact that ELLs in middle and high school are the ones with the greatest 
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needs for specialized language (Janzen, 2008; Tong et al., 2014). This opens up a niche for 

further research in this area and is one reason which validated the need for this dissertation. 

The reality is that the language and vocabulary in secondary school sciences becomes 

more complex, often making it inaccessible to ELLs who often struggle to master science 

concepts and skills through limited and/or no proficiency in English (August & Hakuta, 1997; 

Lyster & Ballinger, 2011).  

Reading comprehension, defined as the “ability to extract meaning from written text” 

(Patterson et al., 2018, p. 291) is essential for science and as such, proper scaffolding is a 

measure used by science teachers to ensure students’ understanding of science concepts and 

theories. As such, teachers require specialized PD courses to be equipped to support reading 

in science. To make matters worse, as with reading, writing in science also poses several 

additional challenges for ELLs who need to familiarize themselves with the conventions of 

technical and scientific writing. 

 

Writing 
 

Writing plays an important role in science learning. The significance of this role 

suggests that, for the sake of student success, teachers should scaffold these writing tasks at 

many levels, depending on the cultures and languages of the students in the class. For 

absolute beginners, this may mean building word walls to develop scientific vocabulary, 

making picture dictionaries, engaging in basic journal writing activities etc. (Case, 2002). 

Regarding the modality of writing, Merino and Hammond (2001) conducted several 

interdisciplinary science inquiry projects using narrative texts. These texts were thought to 

improve writing, as well as offer a better understanding of science. Immersing students in 
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meaningful writing practices can promote the knowledge of science, as well as develop 

academic writing skills for all students, especially ELLs (Carlsen, 2007; Huang, 2004).  

Teaching structured writing has also shown benefits for ELLs (Goldenberg, 2008; 

Lyster, 2007). Teachers can model writing activities in the class and/or alternatively share 

exemplary student writing samples. In addition, diversifying writing tasks in science, not only 

improves the understanding of science for all students, ELL inclusive, but it may also activate 

their metacognitive processes. As students go through the writing process, they are 

constructing knowledge (Hand et al., 2002). Sampson et al. (2013) also address the 

importance of teaching argumentative writing skills to middle and high school students in 

science. 

To date, more research is needed on writing-to-learn strategies in science for ELLs. 

Huang and Morgan’s (2003) study of 35 ESL students is very interesting. It focusses on 

knowledge structure analysis in student written discourse, more specifically, classification – 

to address the current difficulties that teachers face in linking language and content in 

evaluation/assessment. Foulger & Jimenez-Silva (2007) instead explore the use of technology 

to aid the writing process of ELLs. Hopefully, future studies on writing will shed greater light 

on how to improve writing practices in science. Alternating genres of writing in science (i.e., 

narratives, expository writing, persuasive writing, technical report writing, journal writing 

etc.) is another strategy that may increase student interest in writing in science. 

 

Speaking and Listening 
 

Speaking is an important modality in language acquisition and one which promotes 

socialization with both the teacher and amongst a peer-group (Huerta & Jackson, 2010). 

Lemke (1990) reminds us that teaching students to use the specialised language of science is 
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critical in science education (p. 167).  One way of doing so is by modelling it. Teachers can 

do so with the use of synonyms, paraphrasing, repetition, and rephrasing of questions posed 

in class, as well as elaborating on students’ responses (Lee & Buxton, 2012).  

Given the disparities between scientific discourse, social language (language used 

with peers), and home language (language used at home), students are continuously faced 

with crossing language borders or discourses (Baker, 2011). Teachers need to provide 

students with opportunities to speak as well as to question science. In doing so, students are 

more likely to access and use their prior knowledge during argumentation and to co-construct 

new knowledge with their peers. Lemke (1990) stresses the importance of language to 

express ideas and build conceptual understanding in mainstream science classes. Likewise, 

the study of Simon et al. (2006) stresses the importance of explicitly teaching argumentation, 

especially in secondary school science classes. Students should be provided with 

opportunities to develop their scientific responses while using supporting evidence to enrich 

their arguments.  

Creating discussion opportunities in the science classroom becomes particularly 

relevant for ELLs to develop both their oral and content skills. Speaking about science means 

“learning through authentic and meaningful communication” (Dong, 2002, p. 47). Allowing 

students to discuss or argue how data and/or evidence supports or does not support scientific 

theories, may create ownership of science content, and engage ELLs in a discourse-intensive 

activity (Swanson et al., 2014). New vocabulary is learned, ideas are exchanged, different 

perspectives can be heard, partial misunderstandings can be clarified, and new meaning can 

be constructed (Dawes, 2004). This becomes especially relevant during the use and 
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interpretation of multimodal representations in science inquiry, which are superb 

opportunities for social interaction amongst students and teachers (Gilles & Baffour, 2017).  

Hakuta et al. (2000) argue that the oral fluency of ELLs can often be misleading to 

content-teachers. They equate it with academic proficiency, whilst this is not the case. 

Teachers should develop an awareness and understanding of the diversity in their classes. 

Depending on the cultural and linguistic backgrounds, allowing students to discuss science in 

their native language, in pairs, or in small groups, should be encouraged as much as possible 

because it validates the culture of ELLs. Alternatively, ELLs may be paired with native 

English speakers, as this may improve their oral use of academic English. Long’s (1983) 

Interaction Hypothesis in fact claims that when ELLs interact with native speakers, they 

maximise their comprehension. Teachers should try to encourage both speaking and listening 

skills whenever possible, as students work together to construct knowledge (Kim & Hand, 

2015). Fisher and Frey (2014) state that: “Technology offers teachers new ways to engage 

students in speaking and listening tasks” (p.69). Note the several ways to creatively 

encourage listening skills for ELLs as well as mainstream students, via the use of technology, 

illustrated in Table 1 (Fisher & Frey, 2014).  

 

Table 1 

Creative Ways to Promote Listening Skills Using Technology 

E-Listening 
Gallery Walk 

- Students create a visual image, record themselves talking about the 
image, and then code it with a symbol that will allow others to 
access the digital file. One way to do this is with QR codes. 

Digital 
storytelling 

- Students create original digital narratives and informational pieces. 
- The Storybird app provides access to thousands of illustrations and 

photographs to illustrate original pieces of writing. 
- The Voicethread website offers two-way communication between 

writers and readers.  



30 
SCIENCE LITERACY FOR ENGLISH LANGUAGE LEARNERS 
 

- Students dictate the text for each page. Subsequent listeners can 
either listen to the writer’s own voice or read the dictated script.  

- Readers can then pose questions and offer connections that are in 
turn viewed by other readers. 

E-Photo 
narratives 

- Students collect images on the web and then record a digital 
narrative to accompany the images. 

E-Listening 
stations 

- Students listen to digital recordings of their teacher reading a 
complex informational text aloud. 

- Students then discuss the questions the teacher poses at the end of 
the recording (Skouge et al., 2007). 

Adapted with permission from Fisher & Frey, 2014, pp. 67-69. 

 

Although listening is now greatly facilitated using technology, there are other creative 

ways to promote listening skills without the use of technology. Once again, these are 

suggested by Fisher and Frey (2014) and are summarized in Table 2. Two separate tables 

have purposely been created with the aim of differentiating how listening skills can be 

promoted in the science classroom. 

 

Table 2 

Creative Ways to Promote Listening Skills Without Technology 

Readers’ 
Theatre 

- Student’s practice reading and rereading a script, either one that was 
prepared for them or one they developed collaboratively (Young & 
Rasinski, 2009). 

- Students present that text to the rest of the class while others listen.  
- To ensure students are listening, the teacher asks them to take notes, 

write down questions, or retell the information presented to a partner. 

Presentations - Students research a topic and then share their findings with their 
peers, either in a small group or a large group (Fisher et al., 2013).  

- Students are asked to provide their peers with feedback about their 
presentation skills. 

Reciprocal 
Teaching 

- Students read chunks of a given text and then take turns with various 
comprehension strategies such as predicting, questioning, clarifying, 
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and summarizing (Palincsar & Brown, 1986).  
- To ensure that students actually listen to one another, teachers create 

note-taking tools that require students to maintain a written record of 
the conversation. 

 

Adapted with permission from Fisher & Frey, 2014, pp. 67-69. 

Doing (Science Inquiry) 
 

As with science literacy, researchers have proposed a myriad of definitions for the 

term science or scientific inquiry. The National Science Education Standards (NSES) defines 

scientific inquiry as: 

Scientific inquiry refers to the diverse ways in which scientists study the natural world 

and propose explanations based on the evidence derived from their work. Inquiry also 

refers to the activities of students in which they develop knowledge and understanding 

of scientific ideas, as well as an understanding of how scientists study the natural 

world. (National Research Council, 1996, p. 23) 

Minner et al. (2010) who conducted a research synthesis of 138 inquiry-based science 

studies between the years 1984-2002, conclude that when students engage in active thinking 

during an investigation cycle, by generating questions, designing experiments, collecting 

data, drawing conclusions, and communicating findings, the result is a positive one, 

contributing to a greater understanding of scientific concepts. Similarly, the use of hands-on 

activities also results in an increased understanding of science. Stoddart et al. (2002) remind 

us that science inquiry is ideal for the development of scientific language because it is linked 

to hands-on tasks; it is concrete; and it is contextualized (p. 665). However, given the 

multiple definitions of science inquiry, both teachers and students have interpreted scientific 
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inquiry very differently (Cuevas et al., 2005). In fact, Minner et al. (2010) call for the need to 

operationalize the term “science inquiry” more clearly. 

Doing science or engaging in science inquiry “occurs when students generate 

questions, plan procedures, design and carry out investigations, analyze data, draw 

conclusions, and report findings” (Cuevas et al., 2005, p. 341; NRC, 1996, 2000). It is an 

effective method for teachers to engage ELLs in both content and language development. 

Science inquiry is a combination of hands-on activities, thinking (minds-on), discourse, 

argumentation, and social interaction (Dionne et al., 2019; Stoddart et al., 2002). Inquiry-

based science can “provide a rich environment for simultaneous cognitive and linguistic 

development” (Kessler & Quinn, 1995, p. 97). It is an ideal context for language exchange 

and the building of scientific understanding. The American Association for the Advancement 

of Science (AAAS) Project 2061 in the US focuses on science inquiry, and the National 

Science Education Standards (NSES) claims that inquiry science is at the core of teaching 

science for all students (NRC, 1996).  

Science inquiry supports ELLs in many ways: (i) it gives them time to build 

knowledge and understanding; (ii) it reduces the amount of text; (iii) it develops thinking 

skills; (iv) it engages them in social interactions as well as in science discourse; (v) it 

provides them with a safe, non-judgemental, and comfortable classroom setting; and (vi) it 

fosters positive attitudes towards learning (Amaral et al., 2002). 

The Valle Imperial Projects in Science (VIPS) is one programme which aimed at 

developing science, reading, writing and maths skills for a large population of Latino/a 

students in southern California. It adopted a kit-and-inquiry-based science instruction, 

alongside the use of science notebooks (Klentschy, 2006; Klentschy & Molina-De La Torre, 
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2004). Students were able to develop their science literacy and numeracy skills within a 

hands-on, inquiry setting.  

Similarly, the Language Acquisition through Science Education in Rural Schools 

(LASERS) project funded by the NSF, implemented a systemic project of seven districts in 

central California focusing on the integration of science inquiry and discourse. This project 

combined scientific talk alongside hands-on science activities. The results demonstrated 

significant gains in the understanding of science concepts and the academic language of 

science (Stoddart et al., 2010).  Inquiry has a great potential in science education, and it is 

rendered even more effective when there is a real link between science content and everyday 

life. Moreover, students benefit from both time and opportunities to engage with data 

collected during their inquiry projects (Banilower et al., 2010). This entails interpreting 

and/or representing their data with or without the use of technology and hopefully, leads to 

further discussions in science. 

 

Interpreting and Representing  
 

Science is data- and evidence-based and includes several types of interpretations and 

representations. For teachers, these may include using print formats such as data tables, 

graphs, charts, numeric equations; or other non-print formats such as demonstrations, videos, 

simulations, animated-diagrams, gestures, photographs, 3-D models, etc. (Cazden et al., 1996; 

Wilson, 2008). In either type of format, all science students are asked to assess, evaluate 

and/or make sense of data.  

Technology, when used strategically, has the power to help students sort through the 

management of data and thus, tackle the processes of interpretation and analysis more readily. 

In this regard, the Next Generation Science Standards (NGSS) states the following: 
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Scientific investigations produce data that must be analyzed to derive meaning. 

Because data patterns and trends are not always obvious, scientists use a range of tools —

including tabulation, graphical interpretation, visualization, and statistical analysis to identify 

the significant features and patterns in the data. Scientists identify sources of error in the 

investigations and calculate the degree of certainty in the results. Modern technology makes 

the collection of large data sets much easier, providing secondary sources for analysis 

(Retrieved on August 7, 2020 from https://ngss.nsta.org/Practices.aspx?id=4) page 1). 

The role of technology for interpreting data is well established. Not only can 

technology assist in data management and statistical analysis, but it enables a person to make 

more knowledgeable decisions about science, technology, society, and environmental issues. 

This is one of the fundamental goals of science literacy (Yore et al., 2003). 

Carrier (2005) states that ELLs need supplementary literacy and/or language-related 

assistance to “(a) locate information in science texts; (b) interpret and apply that information; 

and (c) ask, answer, describe, explain, and make predictions about science; all in a language 

which is still in its developmental stages” (p. 5).  Providing students with a rich classroom 

environment to negotiate, design, refine, and/or possibly re-represent science concepts and 

theories is critical to creating meaning or knowledge in science.  

Scientific ideas cannot be separated from their representation, and the learning 

process entails harnessing students’ representational resources to develop scientific 

ways to think about (i.e., represent) phenomena. Developing understanding of 

science topics involves learning to represent, refine, and re-represent ideas in 

different modes as part of learning science literacy, rather than viewing learning as 

https://ngss.nsta.org/Practices.aspx?id=4)%20page
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a purely cognitive process of shedding naïve conceptions in favour of scientific 

ones (Hubber et al., 2010, p.7). 

Interpreting and representing data with or without the use of technology are 

expectations in most science classes nowadays, and for ELLs, this is particularly challenging 

with limited language in English. Interpreting data and graphs is a complex skill for all 

students. However, if they are to make informed decisions about science-related matters, 

translating data between graphs and “real-life” problems becomes very important. Hence, 

explicit teaching of the language surrounding trends, patterns, and causal relations becomes 

important in science (Hipkins, 2011).   

 

Teaching Science to ELLs: Modalities, Multimodalities or More? 
 

To date, several empirical studies have been conducted on how teachers can use a 

specific modality to teach science, such as reading in science (Tong et al., 2014); writing 

activities in science (Huang, 2004; Huang & Morgan, 2003); talking in science (Lemke, 1990; 

Swanson at al., 2014); doing science/science inquiry (Amaral et al., 2002; Stoddart et al., 2002) 

etc. However, two additional teaching modalities – interpreting, and representing (with or 

without the use of technology) also need to be addressed, since these skills are essential for 

science literacy development (Norris & Philips, 2003). Research on interpreting and 

representing in science with a special focus on ELLs has not been conducted on a large scale 

and hence deserves attention. 

 Whereas, other empirical studies have focussed on a “combination” of different 

modalities such as talking and writing in science for ELLs (Chen, 2019); reading and writing; 

reading, writing and speaking; reading, writing, speaking and listening; reading, writing, and 

science inquiry (Fisher & Frey, 2014; Lemke, 1990; Roth & Welzel, 2001).  



36 
SCIENCE LITERACY FOR ENGLISH LANGUAGE LEARNERS 
 

While the concept of science literacy is commonplace, the teaching strategies and 

approaches used to help students develop their scientific literacy varies considerably, 

particularly in school contexts where learners are differentiated by their levels of English 

proficiency. This begs the following questions: How can we adopt a more holistic approach 

regarding the use of teaching modalities for ELLs in science? Can the use of multimodality 

and multiple representations by both teachers and students result in a greater understanding of 

science? What are teachers’ needs? How can these needs be met in schools? With these set of 

questions in mind, I used the image of a funnel as a conduit to guide my thoughts and ideas 

for this research. This was useful in helping me conceive my research questions which will be 

presented in the next chapter. 

 

Figure 5 

Funnel as a Conduit of Ideas   
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Chapter 2: Conceptual Framework and Research Questions 

 
This chapter presents the conceptual framework of this research inspired by the Triadic 

Pedagogical Model of Waldrip, Prain and Carolan (2010). It also addresses the influence of 

teacher epistemologies in their practice of science, most specifically, with a lens on modalities 

of teaching, advocating for a more holistic use of teaching modalities to make science more 

accessible to ELLs.  Finally, it addresses the need for greater institutional support for ELLs and 

concludes with the research questions employed in this study. Miles and Huberman (1994) 

define a conceptual framework as a visual or written product, that “explains, either graphically 

or in narrative form, the key concepts to be studied and the presumed relationships among 

them” (p. 18).   

 

Inspiration for My Conceptual Framework  
 

In order to situate the conceptual framework, I have added (see section on the right side) 

the need for multimodality, multiple representations, and re-representations to meet the needs 

of ELLs in science onto the Triadic Pedagogical Model of Waldrip, Prain and Carolan (2010) 

which visually illustrates the interconnectedness between the domain of science, teacher 

conceptions and representations, and those of student conceptions and representations. I posit 

that teachers’ use of scaffolding in all seven modalities of their teaching practices (i.e., reading, 

writing, speaking, listening, doing, interpreting, and representing, with or without the use of 

technology), combined with the use of multiple representations is an effective way to support 

ELLs in science. This is the broad assumption which was explored in this study in an effort to 

embrace Zhang’s (2016) concern that, “Little to no studies have been conducted to examine 

ELLs’ conceptual learning from a multimodal perspective” (p. 7).  
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Figure 6  

Inspiration for the Conceptual Framework of this Study 

 

 

 

 

Epistemology and Its Relevance on Teaching Practices in Science 
 

 Atwater (1996) informs us that no single epistemology can fully determine what 

happens in science teaching and learning, however, several researchers inclusive of myself, 

contend that “[t]eacher’s beliefs play a major role in teacher decision-making about 

curriculum and instructional tasks” (Savasci & Berlin, 2012, p. 66). Not all science teachers 

may have a constructivist approach to teaching, although, Dewey’s constructivist theories 

have certainly affected the practices of many science educators, myself included.  

Constructivism is a cognitive approach to learning that is based on several 

constituents. These include active participation, problem-solving, critical thinking and the 

creation of new knowledge, all based on prior knowledge and experiences. Constructivism is 

an active, hands-on and minds-on form of learning. It is student-centered, and as such, the 

Adapted from Waldrip, B., Prain, V., & Carolan, J. (2010). Using multi-modal 
representations to improve learning in junior secondary science. Research in Science 
Education, 40(1), 65-80. https://doi.org/10.1007/s11165-009-9157-6 
 

https://doi.org/10.1007/s11165-009-9157-6
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teacher acts as a facilitator, guiding the process of active engagement in the science 

classroom. The constructivist teacher is ideally one who adopts different modalities of 

teaching and who is proficient in both verbal and non-verbal communication. In accordance 

with Krashen’s second language acquisition theory, a constructivist approach to science 

teaching implies vocabulary development, alongside gestures, graphics, objects, realia etc. It 

is indeed this type of teacher who can most effectively integrate ELLs in science (Gibbons, 

2003).  

Carrejo and Reinhartz (2014) also remind us of the importance of co-developing 

language and science literacy in the classroom through contextualized instruction. It is 

through this social process of co-developing language that meaning-making can occur and 

content literacy can be developed. This process embraces the constructivist approaches of 

science inquiry. 

 

Using a Holistic Model of Teaching Modalities in Science 
 

Using an adapted form of Waldrip, Prain and Carolan’s (2010) Triadic Pedagogical 

Model which illustrates the exchanges between teacher conceptions and representations with 

students, and that of students’ conceptions and representations with both their teacher and 

peers in the science classroom, the following conceptual framework has been designed (see 

Figure 7). In order to teach ELLs more effectively in science, this framework calls for a 

holistic approach of teaching modalities – using all seven modalities of reading, writing, 

listening, speaking, doing, interpreting, and representing, with or without the use of 

technology.  I posit that it is via this social exchange of representational understanding, 

discourse, negotiation, and re-representation, along with the use of different modalities, that 

teachers, students, and peers can create knowledge in science.  
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Figure 7 

Holistic Multimodal and Multi-Representational Conceptual Framework  

 
 
 
Waldrip, B., Prain, V., & Carolan, J. (2010). Using multi-modal representations to improve learning in junior 
secondary science. Research in Science Education, 40(1), 65-80. https://doi.org/10.1007/s11165-009-9157-6 

 

This emerging conceptual framework is embedded in a social constructivist 

epistemology and intends to show that science literacy in the 21st century should adopt a more 

holistic multimodal instructional approach inclusive of: (i) reading (textbooks, internet, 

newspapers, science journals, case studies etc.); (ii) writing (lab write-ups, research papers, 

articles, reflections etc.); (iii) speaking (scientific discourse or argumentation); (iv) listening 

(teacher, peers, TV, video, TED talk, etc.); (v) doing (science inquiry or experimentation); 

(vi) interpreting (extrapolating,  predicting, inferencing, making or drawing conclusions etc.); 

and (vii) representing  (graphs, diagrams, concept-maps, equations, etc.) with or without the 

use of technology, in the science classroom. In light of this, I explored the modalities that 

https://doi.org/10.1007/s11165-009-9157-6
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science teachers use and/or prefer to use in order to support their ELLs in the science 

classroom. Observational focus was placed on both the modalities as well as multiple 

representations used by teachers to teach science to ELLs.  

Several empirical studies have been conducted on a combination of these modalities 

for non-ELLs such as reading and writing; reading, writing, and speaking; reading and 

interpreting etc., (Fisher & Frey, 2014; Lemke, 1990; Roth & Welzel, 2001). Regarding 

ELLs, I posit that the two most effective ways to teach science to ELLs is: (i) to plan or co-

plan science units using all seven teaching modalities of reading, writing, speaking, listening, 

doing, interpreting, and representing (with or without the use of technology) via an active 

process of social interaction, teacher-student, and peer-engagement; and (ii) to use 

multimodality, along with teachers’ and students’ multiple representations (Figure 8). 

Figure 8 

Multimodality and Multiple Representations to Teach Science to ELLs 
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Research Questions 
 

In order to better understand the teaching strategies that teachers used to teach science 

to their ELLs, it was important to explore and understand teacher perceptions towards ELLs. 

As mentioned earlier, we know that teacher practices are influenced by their epistemology. 

Hence teachers will exhibit stronger reflexivity and will be more open to new practices if 

their epistemology is a constructivist or social-constructivist one. Given the space and 

opportunity to discuss, engage and reflect on their practice, they are more likely to revisit 

what they do and/or try new strategies or instructional resources.  

 

Research Question One 
 
What are teachers’ perceptions and beliefs regarding science literacy for English Language 

Learners (ELLs) in the classroom? Based on this research question, herewith is a schematic 

diagram of the first research objective and its sub-objectives:  

 

Figure 9 

 Schematic Diagram of Research Question One 
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Research Question Two 
 
What teaching strategies and/or instructional resources do teacher-participants use to teach 

science to ELLs?  

a) What teaching modalities (i.e., reading, writing, speaking, listening, doing, 

interpreting, and representing, with or without the use of technology) and/or 

instructional resources do they use? 

b) How and why do they use these modalities to meet the needs of ELLs?  

Based on this research question, herewith follows a schematic diagram of the second research 

objective and its sub-objectives:  

 

Figure 10  

Schematic Diagram of Research Question Two 
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Research Question Three 
 
What do science teachers need to effectively integrate science literacy for ELLs (e.g., 

structures, resources, administrative support, types of professional development, other needs 

etc.)? Based on this research question, herewith follows a schematic diagram of the third 

research objective and its sub-objectives: 

 

Figure 11 

 Schematic Diagram of Research Question Three 

 

 

 

 
 

 

  

Identify Teacher Needs to Integrate Science Literacy for ELLs 

Administrative Support School structures Professional 
Development Time "Other" needs



45 
SCIENCE LITERACY FOR ENGLISH LANGUAGE LEARNERS 
 

Chapter 3: Methodology 

This chapter begins by presenting my background and epistemology as a science 

teacher and researcher, as well as the research design. It also presents the research context, the 

process of recruitment of ten teacher-participants (inclusive of their profiles), and the research 

methods. Data collection in tandem with the process of data analysis are explained at length, 

concluding with the ways used to ensure the trustworthiness of my data, as well as the ethical 

considerations taken while conducting this research. Lastly, the chapter ends by addressing 

the limitations of the study. 

 
Researcher’s Background, Epistemology, and Research Design 
 

The broad epistemology in which this research project is embedded is constructivism 

and it also includes several important aspects of social constructivism. I have been a middle 

and secondary school science teacher for twenty-three years and have worked in private 

international school contexts and with ELLs for over two decades. I have chosen 

constructivism/social constructivism as the lenses for this research because constructivism 

relies on meaning-making based on prior knowledge and diverse experiences, with which 

ELLs are greatly endowed.  

Constructivism is a way of creating knowledge using one’s own subjective and 

intersubjective realities through specific contexts or experiences and then reflecting on those 

experiences to make sense of phenomena. It involves accessing prior knowledge by looking 

deeply into oneself, to explore what one knows or does not know (Davis, 2004; Hershberg, 

2014; Spender, 2008). Human understandings of reality are continuously evolving and being 

revised; past and present experiences are re-called and re-evaluated, during the process of 

new meaning-making (Jones & Brader-Araje, 2002). “Furthermore, there is an inevitable 
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historical and sociocultural dimension to this construction. We do not construct our 

interpretations in isolation, but rather, against a backdrop of shared understandings, 

language…” (Schwandt, 2007, p. 38).  

Unlike the beliefs of Piaget, who also believed in the importance of a dynamic 

learning process, the social nature of language and learning as a collaborative process played 

a very important role for social constructivists. In addition, social constructivists believed that 

the construction and co-construction of knowledge are the product of social interaction, 

collaboration, interpretation, and understanding (Vygotsky, 1962). Social constructivism 

envisions learning as an active mental process which incorporates social and cultural 

exchanges between the teacher and other learners. It is through these two lenses and with my 

baggage of science teaching experience that I will explore the teaching practices of my ten 

participants.  

This research was a qualitative-interpretive study which aimed at understanding the 

subjective meanings and experiences of science teachers with their ELLs (Creswell, 2013). 

Meaning was inductively developed via in-depth interactions with ten teacher-participants. 

This research explored both the professional challenges and opportunities associated with 

teaching science to ELLs, given its specialized domain, language, and skills. Via this 

qualitative-interpretive study, as a researcher, I managed to build a professional, respectful, 

and trusting relationship with ten science and science-support teachers (Savoie-Zajc et al., 

2018). The data and findings generated were emergent throughout the research process. This 

research was a reflexive experience for all those involved. The research methods and data 

sources collected will be discussed in later sections. Let us take a brief look at the research 

contexts of this study.    



47 
SCIENCE LITERACY FOR ENGLISH LANGUAGE LEARNERS 
 
Research Contexts 
 

During this research, I collaborated with ten, Grade 7-12, science and science-support 

teachers working in the context of six private, international schools based in Europe. These 

included schools in Portugal (2), Switzerland (2), Spain (1) and Belgium (1). The six schools 

were not compared to each other. Due to Covid-19, school closures, and the fact that I was 

unable to visit all six schools in person; only two of them (Schools A and B), the school 

contexts cannot be compared. In addition, Hayden and Thompson (2008) would also concur 

with me that making comparisons of international schools is not recommended given their 

considerable diversity.  Having said this, the main commonalities gleaned from all six schools 

in which my teacher-participants were recruited from, can be summarized as follows.  

All six schools: (i) are private, international schools based in Europe; (ii) use English 

as the medium of instruction; (iii) share (to some degree) in their mission statement, an 

interest in fostering “international-mindedness”, world peace, tolerance and inclusion, as well 

as a respect for diversity, environmental and social responsibility; (iv) offer one or more 

programmes of the International Baccalaureate (IB), whether it be the Primary Years Program 

(PYP), the Middle Years Programme (MYP), the Diploma Programme (DP), the Career-

related Programme (CP), or a combination of these; and (v) charge tuition fees and as such 

serve a more socio-economic advantaged community of families, resulting in somewhat of a 

“privileged” and/or “elitist” student population.  
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Figure 12a 

Schematic Diagram of the Teachers Recruited by Country 

School A was based in the mid-west of Portugal, a Pre-K to 12 international school 

with a great deal of student diversity. Its student body consisted of approximately 700 

students with 53 nationalities represented. Of these, 28% of the students were from Portugal; 

28% from other non-English speaking countries; 20% from the United States; 10% from 

Brazil; 9% from China; and 5% from English-speaking countries. The school offered an IB 

programme in Grades 11-12 and had an ESL programme to provide support for English as 

well as support its ESLs in content areas. 

School B was also located in the mid-west of Portugal, with a student body of 600 

students and over 50 nationalities represented in the school. It offered all three academic 

programmes of the IB (i.e., PYP, MYP and DP). This school did not publish the linguistic 

data of its student-body; however, it did offer English-as-an-Additional Language (EAL) 

Private 
International 

Schools in 
Europe

School A
Portugal

School B
Portugal

School C
Switzerland

School D
Switzerland

School E
Spain

School F
Belgium
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support to those students who were new to English. It also offered EAL support on an “as 

needed” basis. 

School C was located in the south-western, French-speaking side of Switzerland.  It 

had 1800 students from Pre-K to 12, comprising 88 nationalities and 57 mother tongues. It 

offered an IB programme in secondary school as well as ELL support. It also offered a 

voluntary after-school “Mother Tongue Programme” to maintain the language and culture of 

its international students. 

School D was located in central Switzerland, in the Swiss-German part of the country. 

It was also an accredited IB school, had 1250 students with over 50 nationalities, and four IB 

programmes (PYP, MYP, DP and CP). During the academic year 2018-2019, approximately 

44% of the students spoke English; 10% German; 6% Spanish; 5% Dutch, Russian and 

French; 3% Danish and Swedish; 1.5% Greek, Italian and Portuguese; and the remaining 

students 30.5 % spoke other languages. In addition, the school offered EAL support as well as 

a “First Language Programme” to develop students’ first language within the curriculum and 

after school. 

School E was located in north eastern Spain. It had approximately 700 students with 

over 50 nationalities. Of these, 55% spoke English; 38% spoke Spanish; and 7%, spoke other 

languages.  The school offered the DP in Grades 11-12 and adopted an inclusion model of 

teaching English through science content in the regular classroom. In the higher grades, for 

those students experiencing difficulties in English, the science teacher could also work with 

small groups in an EAL classroom. 

Finally, School F was located in central Belgium, and had a student population of 

approximately 1400 students. Of these, 785 European students came from 28 different 
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countries; 291 North American students came from three different countries; 269 Asian 

students came from 21 different countries; 24 South American students came from 

four different countries; 17 African students came from four different countries; and 15 

Oceanian students came from two different countries. Of the 62 nationalities represented in 

School F, this can be broken down as follows: 55% European students; 25% North American; 

16% Asian; 2% South American; 1% African; and 1% Oceanian.  

Each year, when new students with little or no English enroll in School F, they join 

the ELD programme. The school also offered an after-school “Home Language Programme” 

to assist students in maintaining their home language and culture. This school offered four 

programmes: (i) an Individualized Diploma programme; (ii) a US High School diploma; (iii) 

a Diploma Programme; and (iv) the Career-related Programme (CP), as an alternative option.  

All six schools catered largely towards children of expatriates, as well as local 

residents who sought an alternative to their national education system. The diversity of the 

students, teachers and administrators was extraordinary. For practicality, Table 3 provides 

“fast-facts” on these six schools, although it is important to reiterate that it is the teachers and 

their instructional strategies and practices with ELLs, that are the main focus of this research. 

 

Table 3 

“Fast-Facts” on the Six Schools of the Participating Teachers 

School 
and 

Teachers 

Country 
Where the 
School is 

Based 
 

School 
Size 

Student 
Language and 

Cultural 
Diversity 

Curricula Language 
Support 

Programs 

School A 
 
 

Portugal 700 
students 

53 nationalities 
 
28% from 
Portugal 

Grade 11+12 
Diploma 
Programme 
(DP)  

ESL programme 
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28% from other 
non-English 
speaking 
countries  
20% from the 
United States 
10% from Brazil 
9% from China  
5% from English-
speaking 
countries 
 

School B 
 
 

Portugal 600 
students 

50 nationalities Three academic 
programmes of 
the IB (PYP, 
MYP and DP). 

English-as-an-
Additional 
Language 
(EAL) 
programme 
EAL support on 
an “as needed” 
basis 
 

School C 
 
 

Switzerland 1800 
students 

88 nationalities  
 
57 mother 
tongues 

IB programme Mother tongue 
after-school 
programme 

School D 
 
 
 

Switzerland 1250 
students 

50 nationalities 
 
44% English- 
speaking 
10% German 
6% Spanish  
5% Dutch, 
Russian and 
French 
3% Danish and 
Swedish  
1.5% Greek, 
Italian and 
Portuguese 
30.5 % other 
languages 

Four IB 
programmes 
(PYP, MYP, 
DP and CP). 

“First Language 
Programme” to 
develop 
students’ first 
language within 
the curriculum 
and after school. 

School E 
 
 

 

Spain 700 
students 

50 nationalities 
 
55% English 
speaking 
38% Spanish 

Grades 11-12 
Diploma 
Programme 

English through 
science content 
in the regular 
classroom 
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7% other 
languages 

School F 
 
 
 

Belgium 1400 
students 

62 nationalities 
 
55% European 
25% N. 
American 
16% Asian 
2%   S. American 
1% African 
1% Oceanian 

Individualized 
Diploma 
 
US High school 
diploma 
 
Gr 11 +12 DP 
 
Gr 11 + 12 CP 

ELD 
programme 
 
Home Language 
after-school 
Programme 

 

The rationale behind choosing European international IB schools for this research was 

based on the fact that I had been a science teacher in two international schools based in 

Europe for over two decades and was familiar with the multicultural/multilinguistic contexts 

of these such schools. These were school contexts that I knew well and professional 

environments that I felt comfortable with, to conduct my research. The fact that all the 

schools were IB schools was also reassuring because the IB science curriculum (which I am 

very familiar with) is rather prescriptive and hence was a common factor in all six 

international schools. 

 

Recruitment of the Participants  
 

The recruitment process to select teacher-participants consisted in contacting the 

school principals directly and asking them whether they had any science teachers with a 

special interest in ELLs, who might be interested in this research. Since the main goal of this 

research was to explore the teaching strategies, instructional resources, and/or scaffolding 

methods that Grade 7-12 science teachers use to meet the literacy needs of their ELLs, it was 

of great relevance to observe the strategies used by the science teachers directly in their 

international school contexts. Unfortunately, due to Covid-19 and school closures, this was 
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not possible for all schools. I was able to be physically present in two schools (Schools A and 

B), prior to the Covid-19 lockdowns. 

In order to recruit a select group of teachers (n=10), I utilized purposeful sampling 

(Creswell, 2013). Science teachers were initially recruited by emailing and sending a letter to 

the secondary school principals of private international schools based in Portugal and then to 

other private international schools throughout Europe. The initial aim was to recruit Grade 7-

12 science teachers sharing a special interest in ELLs. In Portugal, an IB Physics teacher was 

initially recruited. This teacher then assisted me in contacting other science colleagues within 

the school’s science department, who willingly and graciously volunteered to participate in 

this research. 

 Teachers in the other international schools were recruited in the same way. Although 

balance and variety are important while recruiting participants for a qualitative research 

study, there can be differences among teachers based on their age, gender, educational 

backgrounds, years of teaching experience, cultural, and socioeconomic backgrounds. In this 

case, however, several of the teachers recruited shared similar backgrounds. Most of the 

teacher-participants recruited were European nationals: British (4), Portuguese (3), American 

(2), and Irish (1). Three of the ten teachers were non-native English speakers, while the rest 

were anglophones. In addition, eight of the teachers were science teachers and two were ELL 

teachers who supported the science curriculum in both a “pull-out” and “push-in” classroom 

setting.  

The science teachers had an average of eighteen years of teaching experience and the 

ELL science-support teachers both had twenty-three years of teaching experience in 

international schools. Together, the average number of teaching years for all ten teachers was 
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nineteen years. As a result, the experiences they shared were very enriching. The ten teachers 

who were recruited for my research, worked in these schools (see Figure 12b).  

In an effort to protect the identity of my participants, whilst honouring the context in 

which they work, each teacher has been given a pseudonym starting with the letter of their 

designated school (School A, B, C, D, E and F). Their gender was not concealed. It should 

also be noted that all the teachers voluntarily agreed to participate in my research and signed 

an official consent form to confirm their participation. They were of course given the liberty 

to withdraw from the research at any time. At the end of the research, I offered each teacher a 

small gift voucher as a token of appreciation for their time, dedication, and collaboration in 

my research. 

Figure 12b 

Schematic Diagram of the Geographical Location of the Schools and Teachers  
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A collated and brief, self-reported summary of all teacher backgrounds is included in 

Table 4. Purposefully omitted are personal details in order to maintain and protect their 

confidentiality. All ten teachers (Adam, Adele, Aisha, Amelie, Anna, Brooke, Clara, Daisy, 

Eva and Frank) shared a genuine interest in ELLs, however, the instructional strategies they 

used to support ELLs in science varied from teacher to teacher. Additionally, some strategies 

were more commonly used than others and will be discussed in greater detail in subsequent 

chapters. Of course, many other instructional strategies and resources to meet the needs of 

ELLs in science do exist. However, this dissertation will focus on the extensive repertoires of 

the ten teacher-participants involved in this research. 

 

Table 4 
 
Profiles of the Recruited Teachers 
 
Teacher Educational Background Number of 

Years of 
Teaching 

 

Subjects Taught in 
2019-2020 

Adam Degree in Biology and PE 
Master’s in Environmental Science/ 
Ecology 
 

21 years Biology and ESS 

Adele BSc. in Biology  
Master’s in Marine Biology/Management of 
Marine Resources 

16 years Biology and ESS 

Aisha BA in Chemistry  
US Teacher Certification 
Online master’s degree in Chemistry 
 

6 years Chemistry and Biology 

Amelie Bachelor’s degree  
Master’s in Education  
K-12 Certification in ELL 

 

23 years ELL Coordinator and 
ELL Science-Support 

Anna Major in Biochemistry 
Master’s in Physics 
Doctorate in Physics 

22 years Physics 
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Brooke BSc. Honors in Biological Sciences 
Master’s in Education 
PGCE Teacher Certification 

7 years Science and Biology 

Clara BA in Modern Languages  
M. Phil in Applied Linguistics 
Higher Diploma in Education 

 

23 years English, ELL and 
Science-Support 

Daisy BSc. in Applied Biology  
PGCE Teacher Certification 
Master of Science  
 

22 years Science and Design & 
Technology 

Eva BSc. in Applied Chemistry 
PGCE Teacher Certification 
Master’s degree 

 

24 years Chemistry 

Frank Bachelor’s degree in Animal Physiology 
PGCE Teacher Certification 

26 years Science and Chemistry 

 

Research Methods 
 

It is through a qualitative-interpretive design and with my baggage of science teaching 

experience that I explored the teaching practices of my ten participants. The methods 

involved in this research included: semi-structured interviews, classroom observations 

(approximately 10 hours per teacher), online observations during Covid-19 (whenever 

possible), document collection, analysis of instructional resources and/or artefacts shared by 

the participating teachers, memos, and a researcher journal which I used to jot down my 

observational notes and personal reflections.  

More specifically, three 1.5-hour interviews were conducted with each teacher who 

signed a consent form to officially participate in this research (see Appendix A). During the 

first interview, the teachers shared their personal backgrounds as well as their views on 

science literacy; their perceptions on ELLs in science; as well as their personal opinions on 

what constituted an “effective” practice for teaching science to ELLs (Appendix B). Teachers 
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were not only asked to respond to a series of interview questions, but also asked to provide 

specific feedback (written and/or oral) on a teacher modality grid and to prioritize, justify, and 

provide pedagogical materials and/or resources during the second interview (see Appendix C 

for specific details).  

Savoie-Zajc (2000) claims that the interview method is an effective way to understand 

a specific phenomenon which affects a person or a specific group of people. It allows 

participants to convey attitudes and perceptions about their everyday lives and situations. The 

interview process was indeed an effective way to gather a great deal of qualitative data 

regarding teachers’ perceptions and beliefs on science literacy for ELLs; their teaching 

strategies; as well as their instructional resources to meet the needs of ELLs in the science 

classroom. A specific focus was placed on the teaching modalities of reading, writing, 

speaking, listening, doing, interpreting, and representing, with or without the use of 

technology. I also explored teacher “needs” to integrate science literacy for ELLs. 

The ten teacher-participants involved in this research not only relied on their prior 

knowledge about teaching science to ELLs, but they expanded their knowledge, based on 

their experiences and the reflective space and opportunities provided by this research 

(Creswell, 2013). By agreeing to be a part of this research, these teachers were able to reflect 

on their practice, discuss it with me, and revisit both their perspectives and instructional 

strategies for ELLs in their science classes. This was a “win-win” opportunity for both of us 

(teacher participant and myself, the researcher). 

 

Data Collection 
 

As the research methodology was a qualitative-interpretive study, data collection was 

completed using a theoretical literature review, several empirical studies, and using three 
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semi-structured interviews (1.5 hours each x 3 = 4.5 hours in total) with eight (Gr. 7-12) 

science teachers and two ELL science-support teachers, face-to-face, as well as via Zoom and 

WhatsApp. It also included: (i) classroom observations; (ii) analysis of teacher materials and 

resources; (iii) lesson plans and artefacts; (iv) online observations; (v) a detailed researcher 

journal inclusive of my own interpretations, reflections and questions; (vi) an analysis of 

documents and the school website in order to attain statistics on school size, school diversity, 

nationalities, languages spoken, and get a feeling for the school’s mission and its commitment 

to ELLs; (vii) thematic analysis; and (viii) coding (Elliot & Timulak, 2005; Nowell et al., 

2017). 

Three semi-structured interviews were conducted with each teacher participant. The 

first one was an introductory interview, focusing on the teacher’s background, beliefs, and 

perceptions about teaching science to ELLs. In this first interview, I explored: (i) teacher 

attitudes and perceptions of ELLs; (ii) the extent to which the teachers understood the profiles 

and backgrounds of their ELLs; (iii) how comfortable or confident the teachers felt about 

teaching science to ELLs; and (iv) the range of skills and/or experiences the teachers had 

regarding scaffolding for ELLs in science.  

The second interview focused on teacher practices and instructional resources, and as 

such, some questions included: “How does science literacy play a role in your classroom? 

How do you integrate science literacy in your classroom? Please focus on the ELLs in your 

classroom as you answer this question.” A more targeted/specific question included: “How do 

you teach, encourage and monitor the listening skills of your student’s vis-a-vis yourself, their 

peers, and other adults?” After the second interview, the teachers were also asked to provide 
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written and/or oral feedback on a “teaching modalities grid” and to prioritize, justify, and/or 

provide pedagogical resources on how they taught science to their ELLs (see Appendix C).  

The third interview involved teacher reflections, instructional strategies, and resources 

for ELLs in science (see Appendix D). However, a lion-share of the time was devoted to 

understanding teacher “needs” to teach science to ELLs in an effective way — one which 

could improve their performance in science. An interesting aspect of the third interview (for 

teachers working in Schools B, C, D and E) was that they discussed the needs for 

collaboration, scheduling, and specialized PD. Teachers from Schools A and F seemed to 

mention this less; this was because their schools placed a higher priority on PD and training, 

and also because School F had a very good co-teaching programme in place.   

Several of the interviews and interactions with the teachers occurred on campus in a 

quiet and neutral environment. This was the case for Adam, Adele, Aisha, Amelie, Anna, and 

Brooke. Unfortunately, since my field work was interrupted by Covid-19 and school closures, 

the observations of the science teachers changed rather abruptly from in-person to virtual 

observations. Online interviews were conducted via Zoom or WhatsApp for Clara, Daisy, Eva 

and Frank.  

During the interviews, consent to audiotaping was requested at the start of the 

interview, and if no consent was granted, then I planned to take extensive hand-written notes. 

This was not necessary because in fact, all teachers granted permission to be recorded. During 

my Interview #1 for Adam, I encountered some technological issues, so I took laborious notes 

instead. As this pandemic was beyond anyone’s control, thanks are due to the participants for 

their openness and willingness to continue virtual collaboration throughout the research 

period. The teachers were explicit in mentioning, that because of school closures, their 
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teaching strategies for ELLs had also changed accordingly. Despite this, the richness of their 

online tools and resources was commendable and of significant value, nonetheless. 

 

Data Analysis 
 

Data analysis took place throughout the fieldwork period (January 6, 2020 - June 30, 

2020) and beyond. In accordance with Braun and Clarke (2006), thematic analysis was used 

to code and analyze the qualitative data. “Through its theoretical freedom, thematic analysis 

provides a flexible and useful research tool, which can potentially provide a rich and detailed, 

yet complex account of data” (Braun & Clarke, 2006, p. 78). I used, as guidance, the seven 

coding recommendations suggested by Saldaña (2009) which include: (i) organization; (ii) 

perseverance; (iii) the ability to deal with ambiguity; (iv) flexibility; (v) creativity; (vi) ethics/ 

honesty; and (vii) the use of extensive vocabulary.  

As Saldaña (2009) mentions, the process of data analysis is not a linear one, but is 

rather recursive and cyclical. Hence, verbatims were read, reread, thematically coded and 

recoded many times. Collier-Reed and Ingerman (2014) argue the importance of reading and 

rereading transcripts in order to create “meaning units” (p. 252). The similarities and/or 

differences amongst the teachers’ beliefs and perspectives regarding teaching science to 

ELLs, were examined repeatedly, to help in identifying emergent themes which were 

observed and recorded (Miles & Huberman, 1994). 

Once all verbatims were transcribed, I read the text several times in order to fully 

immerse myself with the teacher responses. Using Word, a six-cm margin on the right-hand 

side of each verbatim page was created, and as the text was read and reread, key themes and 

categories were identified (Paillé, 1994). These key themes and categories were noted using 

the Word.doc “Comments” function, and then those teacher responses which “best” reflected 
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the initial themes identified, were underlined. This was used as a starting point since I 

expected that emerging and/or new themes would undoubtedly arise during the recursive 

process of my data analysis. 

The recorded information was then used to create a weblike thematic network 

(Attride-Stirling, 2001). This was mostly done as a representational strategy to visualize my 

basic themes. Attride-Stirling (2001) reckons that weblike structures should consist of 4-15 

themes and states that the weblike shape adds flow as well as a non-hierarchical structure to 

the themes being presented. The resultant weblike thematic network provided a spatial view 

of the data, and offered me the opportunity to probe the data further and to identify strategies 

that were most commonly used by the teachers to meet the needs of ELLs in science.  

As evident from Figure 13, the weblike thematic network resembles a metro/subway 

map. It was useful in giving me a holistic picture of all the different strategies adopted for 

each teaching modality. Specific teaching strategies and tools were listed in bullet form for 

each modality and focus was placed on those strategies and tools which were mentioned most 

frequently by the different teachers. I counted the frequency of those strategies and tools 

mentioned. 

 On most occasions, I simply relied on the stories and experiences shared with me by 

the participating-teachers regarding the impact of their strategies on ELLs in science 

classroom. The use of the flipped-classroom as well as POGILs, which will be discussed later 

on, are examples of such strategies. 

 

 

 



62 
SCIENCE LITERACY FOR ENGLISH LANGUAGE LEARNERS 
 
Figure 13  

Initial Weblike Thematic Network

 

 

I later decided to collate a data table matrix for each interview (Interviews #1, 2 and 

3). However, given the large amount of text that each verbatim generated, I decided it was 

best to make three separate data tables (i.e., one for each research question). All interview 

responses were collated under each research question (RQ#1, RQ#2 and RQ#3). Once all 

three data tables were completed, observable relationships between the responses of the 

interviewees (on each research question) were identified.  

Next, the interview data was transferred onto a grid format, using the seven modalities 

for science teaching indicated on my conceptual framework: (i) reading; (ii) writing; (iii) 
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speaking; (iv) listening; (v) doing; (vi) interpreting; and (vii) representing, with or without the 

use of technology. Each time a specific teaching modality was discussed, its details were 

noted, as well as the teachers’ perceptions, views, prioritization, and justification for its use. 

Detailed notes of the resources and/or materials used were taken. The overall goal of this task 

was to confirm and/or alter any initial themes as well as to identify new emerging themes. 

The original conceptual framework was monitored throughout the process of data analysis to 

note whether it required changes. The goal was to avoid a rigid framework, and to create one 

which was flexible and evolving along the continuum of the research process.  

Coding solo, which is what most new researchers experience, requires various forms 

of cross-checking procedures. These may include discussions, sharing of coded interview 

notes with fellow researchers in the field, confirmation of notes with teacher-participants, etc. 

I attempted to create new meaning or knowledge about science literacy integration for ELLs 

by making inductive interpretations of the data; extrapolating from observed experiences of 

the participants; talking at length with my teacher-participants; and using my personal 

experience as a science teacher for over two decades. Member checking was conducted by 

sharing the interview transcriptions with the participants on a voluntary basis. This was done 

purposely to ensure the accuracy of the data. It gave participants the opportunity to confirm 

and/or elaborate on any point they wished to provide comment on.  

Given the many demands on teachers during Covid-19, providing feedback was made 

voluntary, so as not to add any additional stress for teachers. Most of the teachers ensured 

their trust in me as a researcher and were eager to read the findings gained in my final 

dissertation. Once the data analysis was complete, I summarized key points into a schematic 
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diagram (Figure 14). This was a useful and reflexive tool, as it allowed for the generation of 

some preliminary conclusions.  

 

Figure 14 

Schematic Diagram for Data Analysis 

 

The process of data analysis occurred as follows. Initially, folders for all ten teacher-

participants were created on my hard-drive. All the relevant school documents, curricula, 

instructional resources shared, as well as the full interview transcriptions were inserted into 

each respective folder (i.e., ten folders in total were created). Each recorded interview was 

listened to several times, and I made a pragmatic decision to use the three research questions 

(RQ#1, RQ#2 and RQ#3) as a template to organize my data. Three data tables were created 

for each teacher-participant using the following headings (in bold for emphasis): 
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1. Teacher perceptions and beliefs regarding science literacy for ELLs. 

2. Teaching strategies and/or instructional resources used for ELLs in science. 

The focus was on the seven teaching modalities of reading, writing, speaking, 

listening, doing, interpreting, and representing, with or without the use of 

technology. 

3. Teacher needs to integrate science literacy for ELLs. 

These main headings were chosen because they aligned with the research questions 

and my overall conceptual framework. A color-code was then assigned for each teacher 

(Adam=burgundy; Adele=orange; Aisha=red; Amelie=grey; Anna=pink; Brooke=blue; 

Clara=turquoise; Daisy=purple; Eva=black; and Frank=green). This color-coding strategy 

was useful to easily differentiate between the responses of each teacher. Once the 

transcription of all the text was completed for each teacher, a collated grid of all ten teacher 

responses was generated under each heading. The end-products were three collated data 

tables: (i) teacher perceptions and beliefs regarding science literacy for ELLs; (ii) teaching 

strategies and/or instructional resources used for ELLs in science; and (iii) teacher needs to 

integrate science literacy for ELLs. The collated data tables were read and re-read multiple 

times before proceeding to use Miles, Huberman and Saldaña’s (2014) three-step process of 

data analysis: (i) data condensation; (ii) data display; and (iii) conclusion drawing/ 

verification.  

Miles, Huberman and Saldaña (2014) define data condensation as the continuous 

“process of focusing, simplifying, abstracting, and/or transforming the data that appear in the 

full corpus (body) of written-up field notes, interview transcripts, documents, and other 

empirical materials” (p. 12). During the process of data condensation, after listening to the 
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interviews again and again, as well as reading the collated data tables in depth several times, 

common themes which where iterated and reiterated by the teachers, were extracted. These 

themes were noted in a data analysis grid, using the same three headings mentioned earlier: 

(i) teacher perceptions and beliefs; (ii) teacher strategies and/or instructional resources; and 

(iii) teacher needs. Care was taken to record which of the ten teachers had mentioned each 

theme. This also revealed the frequency and importance of each theme. After this lengthy data 

condensation phase, a data display was consolidated. 

Data display is defined by Miles, Huberman and Saldaña (2014) as “an organized, 

compressed assembly of information that allows conclusion drawing and action” (p. 13). 

Such a data display may include matrices, graphs, charts etc. Following the data condensation 

process of this research, the data display took the form of a data analysis grid. An enormous 

amount of qualitative data was condensed into a tabular format which was more user-friendly, 

was more visual, and which provided the possibility to glean through the main themes more 

effectively. The collective responses of all teachers were easily visible, the main themes 

under each teaching modality were identifiable, and the number of teachers who mentioned 

and/or elaborated on those themes, was easily noticeable.   

The final step, known as conclusion drawing/verification, is defined by Miles, 

Huberman and Saldaña (2014) as interpreting “what things mean by noting patterns, 

explanations, causal flows, and propositions” (p. 13). Conclusions were drawn on all the data 

collected and then confirmed with the teacher-participants, finding direct quotes from the 

verbatims to serve as evidence, triangulating the findings with Prof. Liliane Dionne (my 

doctoral supervisor), as well as collaborating with a retired teacher and friend. This opened 

multiple perceptions which aided in creating meaning (Denzin & Lincoln, 2005). The data 
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viewed through multiple eyes generated new and interesting angles which had not previously 

been considered.  

 

Ensuring the Trustworthiness of My Data and Findings 
 

As I was the sole researcher in this study, attention was given to ensuring the rigor and 

trustworthiness of my data and findings. First of all, I focussed on maintaining the credibility, 

dependability, confirmability and transferability of my data (Lincoln & Guba, 1985). 

Regarding credibility, I engaged with my teacher-participants extensively and collected a 

diverse set of data sources for the purpose of data triangulation. Using a combination of semi-

structured interviews, classroom observations, teacher resources and artefacts, online 

informal discussions with the teachers, memos, and a research journal as sources of data, all 

helped to confirm the themes that emerged, as well as the findings and conclusions I reached.  

I tried to maintain the dependability (or reliability) of my data sources by making my 

research process logical and well-documented. Schematic diagrams and matrices were used 

extensively to visualize, plan and/or re-plan, and guide my research along the way. Multiple 

drafts of my research were written, rewritten, and continuously tweaked, until I was satisfied 

with a final version. The aim was to make my research process as transparent as possible to 

the reader(s).  

I also sought the confirmability of my data by clearly showing how my findings and 

interpretations were derived from the analysis. By using color coding of texts, I was easily 

able to view those themes which were most commonly iterated by the ten teachers. Once 

again, schematic diagrams and the identification of categories/themes were used. Nowell et 

al. (2017) remind us of the importance for a qualitative researcher to clearly demonstrate how 

conclusions are drawn from the findings. 
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Given the specific context of private international schools based in Europe, the issue 

of transferability was dealt with very cautiously by openly discussing the limitations of the 

research contexts, its specificity, and its somewhat “elitist” milieu. Having said this, although 

the contexts do not represent the norm of science classes, there are certainly some benefits to 

be gained from the teacher practices and instructional resources used by these ten teachers for 

ELLs in science. 

A second way to ensure the trustworthiness of my data and findings was through 

teacher (member) checks (Elliot & Timulak, 2005). Interview transcripts were shown to the 

teacher-participants on a voluntary basis. They were asked to confirm whether what had been 

gleaned and extrapolated from their interviews, was indeed accurate. Since the teachers were 

very stressed and overworked during the first Covid-19 lockdown, this member-checking 

process was made optional, so as not to burden the teachers with extra work during such 

unprecedented times. As mentioned earlier, none of the teachers chose to re-read their full 

verbatims, however, several informal conversations on WhatsApp helped me clarify certain 

points which required further explanation. 

A third way in which the trustworthiness of my data and findings were tackled, 

included sharing the data and data analysis with my PhD supervisor, Prof Liliane Dionne, as 

well as with a retired teacher, for peer examination. This cross-checking procedure assisted in 

confirming the reliability of my data and assertions (Savoie-Zajc et al., 2018) and provided 

the opportunity to view new perspectives which had not yet been explored. It opened up new 

pathways for reflection. Viewing data through multiple eyes and discussing whether the 

assertions being made are coherent and/or make sense, is very useful to a novice researcher.    
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Figure 15  

Ensuring the Trustworthiness of My Data and Findings 

 

 

 

Ethical Considerations 
 

All research in education requires ethics clearance, and as such the uOttawa, Office of 

Research Ethics and Integrity had to approve this research prior to its implementation. The 

ethical considerations which I upheld included: (i) requesting consent at all times; (ii) being 

cognizant of my personal biases or preconceptions via the use of a researcher journal to 

observe any judgments or biases which may have developed regarding the different teacher-

participants and/or strategies they had adopted in the classroom; (iii) maintaining the integrity 

of the results at all times; (iv) being mindful of possible power relationships and avoiding 

them in any interactions with the participants; (v) safeguarding utmost confidentiality; and 

(vi) allowing the participants the possibility to withdraw from the research process at any 

time.  

I also maintained professional conduct throughout the research journey and adopted 

all the necessary measures to ensure that the participants were never exposed, or judged in 

My 
research

Data 
triangulation

Supervisor and 
peer examination

Teacher 
(member) checks 

Adapted from Miles, M. B., Huberman, A. M., & Saldaña, J. (2014). Qualitative data 
analysis: A methods sourcebook (3rd Ed.). SAGE. 
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any way. The use of pseudonyms starting with the letter of the schools (School A, B, C, D, E, 

and F) was one of the measures I took to safeguard their anonymity.  

 

Limitations of the Study 

 One limitation of this study includes its lack of quantitative data. As qualitative- 

interpretive research implies both subjective and interpretive forms of inquiry, triangulation 

(the process of using multiple perceptions) was used to converge data from different sources 

of evidence (i.e., interviews, document analysis, notes in my research journal, classroom 

observations, memos, discussions of teacher resources and lesson plans, and teacher 

artefacts). Background research and theories also seemed to be coherent with the conclusions 

drawn (Denzin & Lincoln, 2005), although the beauty of conducting research is that this may 

not always be the case.   

Another limitation of this study was its sample size. This research included eight 

science teachers and two ELL science-support teachers – i.e., ten teachers in total. A sample-

size of ten participants is rather small. Additionally, as this research focused on teaching 

practices specific to the ELL student population, it was important to avoid generalizations, as 

every teacher, in any school, always has a unique classroom setting and dynamic, and as such 

adapts his/her teaching methods to the needs of the students.  

Most importantly, the narrow focus on private international schools based in Europe 

was a significant limitation of this study. This somewhat restricted both the school contexts 

and the profiles of the teacher-participants, although it did provide a highly multilingual and 

multicultural context for my study. The rationale for this choice was based on my personal 

experience, background, and familiarity with teaching in European private international 
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schools. Hence, the need for vigilance over the possible influence of personal biases 

throughout this research study.  

 Purposeful sampling is generally a limitation in any research because it makes 

generalization even more cautionary. The findings of this research may indeed have been 

very different within a public-school context. The rather “elitist/privileged” nature of private 

international schools that charge tuition fees and which serve expatriate communities as well 

as local residents who are mostly from socio-economically advantaged backgrounds, are 

usually able to afford and hire qualified, multicultural, and linguistically diverse teachers. 

Depending on the priorities of the school leadership, such schools can also fund for 

professional development and specialized training. 

 The milieus of private international schools are not the norm; they are usually 

endowed with small class sizes (15-24 students), and have more freedom or agency with 

regards to their programmes and choices of curricula. These usually include the IB, Advanced 

Placement (AP), Key Stage 1, 2, or 3 (UK system), the International Primary Curriculum 

(IPC), the Cambridge International Primary Programme (CIPP), the International General 

Certificate of Secondary Education (IGCSE), or the French or European Baccalaureate 

(Hayden & Thompson, 2008). Although this was beyond the scope of my study, future 

research on science literacy development for ELLs could valuably compare the outcomes in 

the school settings of both private and public schools. 

The focus of this research was placed deliberately on the teaching practices and 

pedagogical tools used in reading, writing, speaking, listening, doing, interpreting, and 

representing, with or without the use of technology, in science (see RQ#2 in Appendix E). A 

timeline of the field work is available in Appendix F.  This research focussed on “teaching 
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modalities” rather than on “student learning”. A lens on ELL student learning using 

multimodalities in science might indeed be an interesting research study for the future.  

 Lastly, another limitation of this research is that it adopts a rather Western view of 

science literacy and teacher practices in science. As mentioned earlier, the views and teacher 

practices in content areas, science inclusive, are greatly affected by culture and epistemology, 

hence this research does not take into account indigenous values, perspectives, epistemologies 

and contexts. Traditional educational knowledge has not been acknowledged in this research 

context, and certainly deserves attention in future studies. [For more information on 

indigenous knowledge in science, please refer to Kim, E. J. A. (2018)].  In light of these 

limitations, let us now take a look at the findings gained from this research.  
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Chapter 4: Findings 

This chapter presents the findings regarding teachers’ perceptions and beliefs in 

science literacy integration for ELLs; a focus on teaching modalities used to meet the literacy 

needs of ELLs; as well as the needs of science teachers to integrate science literacy for their 

ELLs.  The findings presented are congruent with the three research questions and sub-

questions, reiterated herewith. 

 

Research Question #1: What are teachers’ perceptions and beliefs regarding science 

literacy for English Language Learners (ELLs) in the classroom? 

 

Research Question #2: What teaching strategies and/or instructional resources do 

teacher-participants use to teach science to ELLs? 

a) What teaching modalities (i.e., reading, writing, speaking, listening, doing, 

interpreting, and representing, with or without the use of technology) and/or 

instructional resources do they use? 

b) How and why do they use these modalities to meet the needs of ELLs?  

 

Research Question #3: What do science teachers need to integrate science literacy 

for ELLs (e.g., structures, resources, administrative support, types of professional 

development, “other” needs etc.)?  

 

For purpose of clarity, the findings of this research will be presented under each 

research question heading, so as to demonstrate the relationship of the research questions to 

the findings gained, beginning with teachers’ perceptions and beliefs regarding science 

literacy for ELLs. The remaining two research questions will be subsequently addressed. 
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Teachers’ Perceptions and Beliefs Regarding Science Literacy for ELLs 
 

The “deficit theory” of ELLs suggested by Cummins (2000) did not transpire during 

the interviews with the ten teacher-participants. None of teachers spoke about ELLs 

“negatively”, nor perceived them as a “burden” to their science class. On the contrary, the ten 

teachers I interviewed had very positive attitudes and perceptions towards ELLs. They were 

invested in their ELLs and were committed to helping them as much as possible, despite the 

existing structures and time constraints under which they worked. Emotionally, they were 

compassionate and understanding towards ELLs in their classrooms. This was evident during 

the classroom and online observations. Table 5 summarizes some anecdotes shared by the 

teacher-participants, related to their beliefs and perceptions about ELLs and what ELLs need 

in order to learn science (see RQ#1 in Appendix E for more details). 

 

Table 5 

Teachers Perceptions and Beliefs about ELLs and ELL Needs 

Teacher Perceptions and Beliefs  

about ELLs: 
  

What ELLs Need: 

- ELLs do try hard; are motivated to do well; 
are brave; do extra work.  
(All teachers) 

- Need and thrive with a combination 
of both images and text.  
(All teachers) 

- Feel they are members of the community, 
when given the right support.  
(Adele, Aisha, Amelie, Brooke, Clara, 
Daisy, Eva, Frank) 

- Need gestures as well as verbal cues 
to better understand the topic. 
(Adele, Aisha, Clara, Daisy, Eva) 

- Are humble; the quietest and sweetest in 
room.  
(All teachers) 

- Need modified assessments for 
language; not content.  
(Aisha, Amelie, Brooke, Clara, 
Daisy, Eva, Frank)  

- Cope well; they are incredibly 
resilient. 
(Clara) 

-  Need encouragement to 
communicate orally in class.  
(All teachers) 
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- Often “mask” what they do not understand.  

(Amelie, Clara) 
- Need extra time to complete tasks. 

(All teachers)  

- Work well with activities having reduced 
text (such as hands-on activities, 
interpretation and numeracy skills, data 
analysis etc.).  
(All teachers) 
 

- Need consistency as well as 
repetition, paraphrasing, and 
rephrasing.  
(Aisha, Amelie, Clara, Daisy, Eva) 
  

- Often use their primary language to make 
sense of science in English.  
(Adele, Amelie, Clara, Daisy, Eva) 

- Need a combination of modalities. 
(Aisha, Amelie, Anna, Brooke, 
Clara, Daisy, Eva, Frank) 
  

 

 Furthermore, from the comments collated in Appendix E (for RQ #1), there were four 

major themes which transpired. These included: (i) ELLs are hardworking and motivated 

students; (ii) ELLs benefit from multimodality and scaffolding; (iii) ELLs should be 

encouraged to use their native language as much as possible; and (iv) ELLs need explicit 

language instruction in science.  

As mentioned earlier, awareness of and sensitivity towards ELLs were strong in all 

the ten teachers interviewed. This may be due to the fact, that most of the teachers had many 

years of experience with ELLs from a wide array of international settings (refer back to Table 

4 on “Teacher Profiles”). In fact, in addition to teaching in international schools in Portugal, 

Switzerland, Spain, and Belgium during the academic year 2019-2020, collectively, the 

teachers also had experiences in teaching in schools in the United Kingdom, Kenya, Dubai, 

Mexico, United States, Costa Rica, Brazil, South Korea, Columbia, Kuwait, New Zealand, 

Ethiopia, Hong Kong, Shanghai, and Italy. Their teaching experience with culturally and 

linguistically diverse students was extremely rich, which may explain their heightened 

sensitivity and openness towards the needs of ELLs in their classrooms.  
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The feedback of these teachers also needs to be seen in context. All these teachers 

worked in rather privileged private international school environments with class sizes ranging 

from 15-24 students. The students came from socio-economically advantaged backgrounds 

and were mostly bilingual or multilingual. Most of the students had attended their school for 

many years and/or had been exposed to the English language for at least five years. Although 

many students did speak English, all ten teachers mentioned that 20-25% of their students had 

low academic language development in science; while 5-10% of their students had low 

English proficiency (see Table 6).  

 

Table 6 

Teacher Self-Reported Numbers of Students Language Development in Science 

Teacher Self-Reported Numbers of Students 
Language Development in Science  

School A 2 out of 15 students 10-15% 

School B 4 out of 16 students 25% 

School C 6 out of 24 students 25% 

School D 6 out of 22 students 25-27% 

School E 7 out of 22 students 30% 

School F 3 out of 21 students 10-15% 

Average   22% 

 

In addition to asking about teachers’ perceptions and beliefs about ELLs, all ten 

teachers were also asked to share their definition of science literacy. During Interview #1, 

when asked to share their definition of science literacy, the teacher-participants replied as 

follows. Science literacy (SL)… 
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Table 7 

Teacher-Participants’ Definitions of Science Literacy 

Teacher Definition of Science Literacy (SL) 

Adam SL is the same as lab reporting. Students need to be able to write a discussion, 
conclusion, and an evaluation. (Reading, writing, and interpreting) 
 

Adele Implies reading scientific data and text and speaking about it. (Reading, speaking, 
and interpreting) 
 

Aisha SL is the ability to gain meaning from scientific, academic texts. (Reading and 
interpreting) 
 

Amelie Exposure and understanding of scientific terminology, as well as the ability to read 
graphs. Be able to write a lab report. (Reading, writing, and interpreting) 
 

Anna To understand enough of science to be able to have an opinion and critical thinking 
and even making decisions. (Reading, listening, speaking, and interpreting) 
 

Brooke Is how proficient you are in expressing the concepts necessary to achieve an 
understanding in science. Science literacy includes concepts, collecting, analyzing, 
and evaluating data. Understanding that science is a “process” - a way of answering 
questions. (Reading, writing, speaking, listening, and interpreting) 
 

Clara Comprises the reading, writing and communication skills specific to and necessary 
for the expression and application of scientific content, concepts, and processes.  It 
implies an understanding of the register and conventions specific to scientific text 
and discourse. It gives students a framework of academic language and skills 
through which they can access scientific content, frame their understanding, and 
communicate their knowledge of science. (Reading, writing, listening, speaking, 
doing, and interpreting and representing) 
 

Daisy Being able to do the scientific method and conduct research; cite sources in the 
correct format; being able to write in an analytical way; and having the ability to 
read scientific texts. (Reading, writing, and interpreting) 
 

Eva SL is the ability to read, understand, decipher (or decode) science writing, and 
respond to it using correct vocabulary in the right setting. (Reading, writing, 
speaking, and interpreting) 
 

Frank Using technical language; analyzing data; looking for patterns; asking questions 
and hypotheses; being able to describe data and connect data with theory. (Reading, 
writing, listening, speaking, and interpreting) 
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As evident from the text in italic in Table 7, most teachers reported that reading, 

writing, and interpreting were the most important modalities for the development of science 

literacy. Regarding the actual supports to meet the literacy needs of ELLs in science, several 

recommendations were proposed. These will be described here and will certainly have 

implications for science education in the future.  

For pragmatic purposes, teaching strategies and resources have been organised under 

the specific modalities of reading, writing, speaking, listening, doing, interpreting, and 

representing, with or without the use of technology. Each modality will be presented 

individually, although several researchers, as well as myself, suggest that effective ways to 

teach science to ELLs implies using a combination of these modalities (Ajayi, 2009; Wu & 

Puntambekar, 2012). A teacher in School A (Anna) in fact states:  

What I learned from my ELL co-teacher is that two modalities work better than one, 

and three are better than two, and so forth. So, don’t just speak, don’t just read, don’t 

just write, don’t just talk. It’s when you combine them that ELLs understand best. You 

need to combine images with words, combine sounds with words, hands-on activities 

with words and images etc. You must combine as much as possible. 

 

Teaching Modalities: Strategies and Resources Used for ELLs in Science  

 

Reading 
 

Reading is a critical modality in any subject area, but is especially relevant in the field 

of science, given its complex lexical structure and specialist terminology. Science uses 

complex informational texts which are often difficult to decode, even for native English 

speakers. This makes vocabulary such a key factor in the domain of science. 



79 
SCIENCE LITERACY FOR ENGLISH LANGUAGE LEARNERS 
 

During the interviews with the teachers, three main areas of intervention seemed to be 

flagged with regards to reading in science, especially for ELLs. These included the need for: 

(i) levelled reading or the levelling of existing science resources available (i.e., science 

textbook and/or other sources) to reduce students’ lexical challenges; (ii) vocabulary 

development in science; and (iii) embedding explicit teaching of language in science. Each of 

these factors will be considered individually, as follows. 

 

Levelled Reading. Seven teachers (Adam, Adele, Aisha, Anna, Brooke, Daisy, Eva) 

argued that given their current densely-packed curricula, there was little time and space to 

engage in as much reading as they would have liked to do in science. One teacher (Aisha) 

mentions, “I would like to read more science articles, but I need more time as well as a 

database of levelled articles to use.” Eight teachers (Adam, Adele, Aisha, Anna, Brooke, 

Clara, Daisy, Eva) did integrate some reading of scientific issues within their units of science.  

Levelled reading (i.e., science content presented with different linguistic or lexical 

scaffolds for their ELLs) was a priority for six teachers (Amelie, Brooke, Clara, Eva, Daisy, 

Frank). These included instructional tools such as the website Newsela, www.newsela.com, 

which enables teachers to use science articles with appropriate reading levels for their 

students. Although these levelled articles provide more simplified versions of the original 

text, they still preserve its integrity, including its vocabulary, scientific content, and length. 

The articles are also complemented with questions and writing prompts, which serve as 

comprehension checks.  

Similar levelled resources used by some teachers include Newsademic, 

www.newsademic.com (Clara, Daisy), as well as News in Levels, www.newsinlevels.com 

(Eva). Both of these resources are scaffolded to meet the linguistic proficiency levels of ELLs 

http://www.newsela.com/
http://www.newsademic.com/
http://www.newsinlevels.com/
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in the classroom. They also meet the science literacy requirement for authentic reading in 

science. Providing ELLs with the opportunity to read about “real life” science at a level with 

which they feel comfortable, is one way to develop science literacy.   

One of the teachers (Eva) mentioned two interesting instructional resources which are 

worth highlighting, due to their functionally adaptable nature for ELLs. The first one is a 

website known as ReadWorks, (www.readworks.org), which not only provides science texts 

with differing English reading levels, but also includes key vocabulary and questions with 

multiple choice answers that can either be read and/or listened to by the students. 

Additionally, ReadWorks is also supported in seven languages, which is a great asset for 

ELLs from different countries.  One teacher (Eva) states, “This resource is easy to use and is 

great for homework before class discussions.”  

As evident from Figure 16, this website offers ELLs the opportunity to use audio 

versions of the reading content, thus engaging them in using both their listening and reading 

skills. It also offers ELLs the possibility to highlight and/or annotate notes, as well as follow a 

guided reading strip at their own pace.  

With regards to teachers, ReadWorks, also offers free professional development via 

online webinars to those teachers who are new to this website. Although it is not the 

intention, or the role of this dissertation to promote educational websites, having investigated 

this resource in depth, it should be recognized for offering scaffolded content for the 

linguistic needs of ELLs in science. It is one of many recommended resources for developing 

science literacy.  

 

 

 

 

 

http://www.readworks.org)/
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Figure 16 

Screenshot from ReadWorks  

 

Similarly, Britannica Online, (www.Britannica.com) is an online encyclopedia which 

also offers step or levelled reading opportunities for students doing research on a science 

topic. This useful resource for ELLs engages them in research topics in science. It is used by 

six of the participating-teachers (Amelie, Brooke, Clara, Daisy, Eva, Frank). Clara has used 

this resource for research papers in science and has also designed a modified ELL scaffold on 

essay writing, which will be presented later.  

Six teachers (Adam, Adele, Aisha, Anna, Daisy, Eva) also mentioned that they often 

use relevant science articles from this source linked to their curriculum and read them in 

small groups. If there are students who share similar native languages, the teacher groups 

them into smaller groups (by language) and has them read an online article in their mother 

http://www.britannica.com/
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tongue. They then discuss the article within their small language groups. Clara states, “When 

they have a resource in their own language, they have more self-confidence to then tackle it in 

English.” The next step is to read an article (on the same science topic), in English, with the 

aid of visual dictionaries or related videos, audio recordings etc.  

 

Vocabulary Development in Science. In light of the findings gained from the 

analysis of the interviews with the participating teachers, another technique for understanding 

reading in science includes vocabulary development. Eight teachers (Adam, Adele, Aisha, 

Amelie, Anna, Brooke, Clara, Daisy) mentioned the importance of building glossaries and 

proposed diverse ways on how ELLs could make them. These included: (i) the conventional 

writing of definitions in their science notebook (Adam, Adele, Aisha, Amelie, Anna, Brooke, 

Clara, Daisy); (ii) digitally creating visual glossaries that combine text and image; (iii) 

collectively building a word wall of the key terms encountered in each chapter (Aisha, 

Amelie, Clara); (iv) using mother tongue visual dictionaries to create a glossary in their native 

tongue (Clara); and (v) making vocabulary cards (Clara).  

Adele explicitly lists the “key words” that the students should learn and retain from a 

science chapter. For example, to learn the specifics of the hydrological cycle in the 

Environmental Systems and Societies (ESS) class, Adele assigns the following words for 

vocabulary development and then models them orally in class. Using repetition and 

paraphrasing, Adele ensures that these words are used in context and are reinforced 

throughout the teaching of the unit.  
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Figure 17   
 
Example of Key Vocabulary on the Hydrological Cycle Flows 

 

 

Eight out of the ten teachers (all except of Eva and Frank), also give students key 

vocabulary words to be identified in the unit. Both teachers and students collectively define 

the terms and leave them on their wall (if they have their own classroom), and/or share them 

in a digital format for easy access at home. One of the teachers (Brooke) also uses an 

effective color-coding system of green, amber and red to emphasize important relationships 

of the “key words”. For example, in the unit on the Variety of Life, words highlighted in 

“green” relate to the environment, words written in “amber” denote interactions, and words in 

“red” represent the key words present in the unit. The use of these colors is explicitly taught at 

the beginning of each unit, so that the students are acquainted with the color-coding system 

and its relevant associations (see Figure 18).  
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Figure 18 

Using a Color-Coded System for Vocabulary Development   

                   Topic 3: Variety of life 
 
Key Concept:                Systems 
Related concepts:         Interaction and environment  
Global Context:            Globalization and sustainability   
 
Statement of inquiry:   
……………………………………………………………………………….………………………………………………… 
 

…………………………………………………………………………………………………………………………………. 
 
Learning Objectives 
 
After studying this topic, students should: 
Characteristics of life 

 Know what “alive” means in science. 

 Know about: cells, tissues, organs, systems of organs and the organism.  

 Know that there are special cells for special jobs.  
Plants and Animals  

 Know that animals and plants are the most complex forms of life. 

 Know the things that are the same and the things that are different about animals and plants.  

 Be able to see some of the parts of a cell in a microscope. 
 

 Draw and label the main parts of animal and plant cells. 
 

Adaptation of plants and animals to the environment  

  Know about physical and behavioral adaptations of plant and animals. 
Interaction of different forms of life 

  Know that living things interact.  

  Draw food chains and food webs. 

 Draw food chains and food webs including producers and consumers.  
Conservation of different forms of life 
 Give examples of endangered species.  
 Know why extinction happens. 

 

Key words: 

 

Systems  

Interaction 

Environment 

 
 
Cells  
Tissues 
Organ 
Adaptation 
Species  
 
 
Nucleus 
Cytoplasm 
Cell wall 
Food chain 
Producer 
Endangered  
 
 
Cell membrane 
Predation 
Vacuoles 
Chloroplast 
 

 

Another teacher, Amelie, tackled vocabulary development of science concepts such as 

an electromagnet by providing students with the concise definitions of key terms, 
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alongside a labelled image, so that the ELLs could then combine these sentences together, 

in a logical order, to better understand how an electromagnet works (Figure 19).  

 

Figure 19 

How to Scaffold an Electromagnet Experiment  

 

Two teachers (Brooke, Daisy) mentioned the use of Quizlet and in particular, 

Quizlet Live, as effective and engaging instructional tools for vocabulary development in 

science. Quizlet Live is a team-based vocabulary learning game where students work 

together to correctly match a set of scientific terms and definitions. The team that matches 

12 words in a row, wins. Quizlet Live adds a competitive and fun twist to the learning of 

scientific vocabulary. This is very similar to playing Science BINGO, which three of the 

teachers (Brooke, Clara, Daisy) also use in their classroom. The building of science 

vocabulary is fundamental to science literacy development, hence finding creative ways 

such as Quizlet, Brainpop, Science Bingo, Kahoots! and other games for use in the class is 

of significant value to ELLs. In addition, all ten teachers agreed that, key words are to be 

linked in context, and not taught merely as an isolated list of vocabulary words. 
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Explicit Teaching of Science Language. With the exception of Frank, all the 

teachers mentioned that ELLs require explicit teaching of the language of science, 

particularly when it involves the decoding of instructions and questions. This technique is 

useful especially on assessments such as their IB exams. Adele states: 

Especially when it comes to command terms like, what is the meaning of 

“explaining”? What is the meaning of “outlining”? They have a hard time 

understanding that. Most of the issue is in the understanding of the wordage 

because despite English being the mainstream language, not all students 

understand in between the lines or what they mean. And this is something 

that I, for example, have noticed. They also have a hard time chunking or 

breaking down longer questions, more complex questions in ESS.  

Command terms such as “infer”, “persuade”, “outline”, “evaluate”, and “deduce” 

which appear in Paper Two of IB Biology exams, for example, remain unclear for many 

students, but especially for ELLs. These words should be explicitly taught and modelled by 

the science teacher so as to better prepare ELLs on their assessments. 

 

Figure 20 
 
Example of a Paper Two Question on an IB Biology Exam 

International Baccalaureate Organization (2017) 
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Writing 
 

With regards to the modality of writing in science, the majority of the writing tasks 

demanded of students in the science classroom, as mentioned by the participating teachers, is 

on the writing up of labs/experiments. Notetaking and research papers (expository writing) 

come in second place. Unfortunately, for high school students (except for IB extended essay 

questions), more creative writing tasks such as narratives, journaling, reflections, persuasive 

writing, article writing etc., are less prevalent than for students in middle school.  

As was the case with reading mentioned earlier, the paucity of writing tasks in science 

is also largely due to high school teachers’ lack of time for additional genres of writing, as 

they strive to satisfy the curricular demands of preparing their secondary school students for 

their science exams. This is a notorious problem affecting science education, which is worthy 

of further research. 

Three main techniques are used by science teachers to support writing for ELLs in 

science: (i) the use of sentence or grammar frames; (ii) the use of templates or exemplars 

(such as print copies of labs as models); and (iii) visual-to-text supports in the form of study 

guides or teacher PowerPoint notes (with reduced texts). These are equipped with writing 

space on the right side of each slide, to enable ELLs to annotate and/or translate the teacher 

notes into their mother tongue. Additionally, these supports are complemented with visuals, 

diagrams, and equations. Let us take a look at each of these separately. 

 

Sentence and Grammar Frames. Writing up a science lab requires complex and 

technical language within a structured format. Unfortunately, some teachers assume that 

ELLs understand this structure by “osmosis”. On the contrary, before ELLs can be expected 

to write up a lab report, teachers are required to explicitly teach students the steps, structure, 
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sentence, and grammar framework required for a lab report. Seven out of the ten teacher-

participants (Aisha, Amelie, Brooke, Clara, Daisy, Eva, Frank) stressed the importance of 

providing ELLs with such supports or scaffolds. Examples of sentence or grammar frames 

used by Daisy include the following. 

 

Figure 21 

Excerpt on Sentence and Grammar Frames for Labs  

 
 

In addition to going over the steps of the scientific method, breaking it down into 

sentence frames, and teaching each step one-at-a-time, the use of templates and/or exemplars 

is also helpful for modelling labs. Aisha, Brooke, Clara, Daisy, Eva and Frank all use 

exemplars for their ELLs. Sentence frames such as the ones shared by Brooke provide ELLs 

with linguistic scaffolds, alternative sentence starters from which to choose, as well as 

exposure to the structure of a lab report. 
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Figure 22 

Use of Sentence Starters for Lab Reports  

 

Use of Templates and/or Exemplars. More than half of the teachers (i.e., six) used 

templates and/or exemplars especially for lab write ups (Aisha, Brooke, Clara, Daisy, Eva, 

Frank). Frank provided a step-by-step PowerPoint as a support for lab write-ups. The ELLs 

were asked to use this PowerPoint as a scaffold to write up their own labs. Whereas Aisha 

provided the students with a complete lab exemplar. The terminology of this exemplar was 

very complex for ELLs. Therefore, Aisha read the lab out loud in class and then addressed 

each step orally by asking the students for suggestions on how the language could be 

modified and/or be made more accessible. Sentence starters and sentence frames were co-

created during each step and written on the board. At the end of all steps, which took a 

considerable amount of time, the students culminated the activity by conducting a relevant 

experiment related to their current topic in science and were then asked to write up their own 

lab independently, using the exemplar as a model.  
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In addition to composing successful lab write ups, understanding how teachers assess 

student work or performance on exams is also an important skill in science. As a way to 

prepare students for science assessments, Eva provided the Chemistry students with 

exemplars of IB Chemistry exams and their respective answers.  The use of a teacher-

designed “answer key” was distributed to model responses for the IB exam. In addition, 

students were able to see how many points each question was worth (1 point, 2 points etc.). 

Visuals, color-codes, as well as reduced text were used to support the ELLs in the class. 

Figure 23 is an excerpt of a review sheet used in Eva’s Chemistry class. This was used as an 

exemplar which could then be modelled on the actual IB exam. 

 

Figure 23 

Review Sheet with Questions and Answers from a Chemistry Teacher  

 

Beyond lab writing and assessments, during my discussions with the teachers, what 

transpired was that the writing of research papers in science was more commonplace in middle 

school versus secondary school. An ELL science-support teacher (Clara) was very effective at 
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deconstructing the parts of a Gr. 7-8 essay writing task and making this accessible as well as 

less daunting for ELLs. This science-support teacher (Clara) provided the students with an 

outline and explicitly taught the students each step. This was in preparation for a research essay. 

Figure 24 is an example of how such an outline can be used to scaffold a five-paragraph 

research essay in science. Clara mentioned that although this process takes time, the benefits 

of investing such time for essay planning and writing are extraordinary for all students involved. 

 

Figure 24 
 
Template of a Research Essay Outline  
 

 

Research Essay Outline 
 
 

Introduction       _____________________________ 

Background Information 

Definition:  

Thesis – big idea – what will you PROVE? 
 
Main Points (MP) – HOW will you prove it? 
MP1 
MP2 
MP3 
 
Main Point 1        _______________________ 
Topic Sentence 
 
Example 1 
Explanation 
Example 2 
Explanation 
Example 3 
Explanation 
 
Closing Sentence 
 
Main Point 2           
Topic Sentence 
 

Example 1 
Explanation 
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Example 2 
Explanation 
Example 3 
Explanation 
 
Closing Sentence 
 
Main Point 3       

Topic Sentence 
 
Example 1 
Explanation 
Example 2 
Explanation 
Example 3 
Explanation 
 
Closing Sentence 
 
Conclusion          __________ 

Restate thesis and MP 1, 2 and 3 – what have you proven? Underline it. 

Final, powerful statement – sum up AND convince us! 
 

Upon completion of the essay outline, this support teacher (Clara) subsequently 

provided the students with a template from which to develop their essay, step-by-step. Below 

is an example which Clara provided to all her ELLs. This template not only deconstructs an 

essay into simpler parts, but it is an effective tool which supports students in writing a five-

paragraph research essay. 

 

Figure 25 
 
Template for Writing a Research Essay  
 

Building a Research Essay 
 
Part - Introduction:________________________________________________________  
Grab reader’s attention and introduce topic. 
_________________________________________________________________________
_________________________________________________________________________ 
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Ask focus question: 
________________________________________________________________________? 
 
Introduce ALL of your main points (MP) in a paragraph. 
MP1:  
MP2:  
MP3:  
 
 
Part 2 - Heading About Main Point 1      _____   
Make sure your headings are capitalized and underlined! 
◎ Topic sentence to introduce Main Point One.  
◎ Follow this with supporting details (facts and examples).  
◎ REMEMBER TO USE THE LETTERS FROM YOUR BIBLIOGRAPHY TO SHOW 

WHERE YOUR INFORMATION CAME FROM! 
 
 

Part 3 - Heading About Main Point 2      _____   
◎ Topic sentence to introduce Main Point Two.  
◎ Follow this with supporting details (facts and examples).  
◎ REMEMBER TO USE THE LETTERS FROM YOUR BIBLIOGRAPHY TO SHOW 

WHERE YOUR INFORMATION CAME FROM! 
 
 
Part 4: Heading About Main Point 3 ________________________ _____   
Make sure your headings are capitalized and underlined! 
◎ Topic sentence to introduce Main Point Three.  
◎ Follow this with supporting details (facts and examples).  
◎ REMEMBER TO USE THE LETTERS FROM YOUR BIBLIOGRAPHY TO SHOW 

WHERE YOUR INFORMATION CAME FROM! 
 
 
Part 5: Conclusion- Answer the focus question here!____________________________  
1. Sum up main points.  
2. Answer your focus question – and explain/support it. Answer that focus question with 
confidence and convince your reader. 
3.  Plus, leave your reader with something to remember! 
 
In conclusion, 

Sum up main points 1-3 

_________________________________________________________________________
_________________________________________________________________________ 
Ask focus question:  
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_________________________________________________________________________
_________________________________________________________________________ 
Answer focus question: 
_________________________________________________________________________
_________________________________________________________________________ 
Explain why – and convince your reader (final statement): 

___________________________________________________________________________
___________________________________________________________________ 

 

Visual-to-Text Supports for ELLs. One alternative to traditional notetaking 

 while a teacher lectures, is a technique to provide both native speakers as well as ELLs with 

teacher-notes (containing reduced text, diagrams, equations etc.), and to supply them with 

adequate space to take their own notes and/or translate them into their native tongue. This 

process not only validates their own language, but it reduces the burden of English-only text. 

Six teachers (Adele, Aisha, Anna, Brooke, Clara, Frank) have used this type of support. 

Herewith are some screenshots that one of the teachers (Anna) uses in a unit in Physics.  

 

Figure 26 

Visual-to-Text Supports for ELLs 
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From these screenshots, one can see that the amount of text is reduced and is 

complemented by diagrams (visual representations of the units of “force”) as well as 

mathematical equations. ELLs can attempt to infer the meanings of words such as “massless,” 

“tension,” “compression,” and “slack” from the images provided, and the space on the right 

enables them to translate and/or take notes in their native language. It reduces the onus of 

dense text and is multimodal in nature (due to the presence of text, diagrams, equations etc.). 

 
Speaking  

 
As in any content class, speaking in a classroom can be initiated via traditional 

questioning and class discussions. ELLs can be encouraged to speak by: (i) the use of creative 

scaffolds, tools, and resources; (ii) purposeful grouping; (iii) Process-Oriented Guided 
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Inquiry Learning (POGIL); and (iv) creating opportunities to celebrate cultural and linguistic 

diversity. Each of these techniques will be considered individually. 

 

Creative Scaffolds, Tools, and Resources to Promote Speaking of ELLs in 

Science. The participating science teachers adopted several creative ways to encourage ELLs 

to speak in class. A simple, non-technological way was with the use of white boards in 

combination with a common think-pair-share or small group activity. As low proficiency 

ELLs are often too timid to speak in a large classroom setting, in these cases, the teacher 

provided all students with a white board and marker at the beginning of class. Every time the 

teacher asked an open-ended question in class, students were asked to respond using their 

white board and then share their answer either with a partner or in a small group. This 

prompted discussion, allowing the teacher to act as a facilitator by moving around the room to 

listen to student responses. This was also a great opportunity for formative assessment.  

During my classroom observations, the use of the whiteboards to promote speaking, 

especially by ELLs, proved to be very effective. In fact, I observed an increase in the number 

of ELLs speaking about science-related topics in class. Overall, the use of the whiteboard was 

a non-threatening and simple tool to engage ELLs in the process of speaking about science.  

Games using chips or tokens, adopted by another teacher (Daisy), was also used as a 

creative tool for ELL inclusivity in class discussions. Whether in a small or in a large group, 

students were asked to form a circle and each student was given a token. The teacher then 

asked an open-ended question and encouraged each student to make an oral contribution and 

to then place their token in a jar. The goal of this game was to get rid of the token before the 

end of the activity. As in the previous example, the teacher was able to take on the role of a 

facilitator, giving ownership to the students for leading their own discussions about a 
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scientific issue in a creative and engaging way. As the activity was student-centered and 

student-directed, ELLs felt more comfortable in participating orally in class.  

The use of analogies is also an effective strategy to engage ELLs in the process of 

speaking. When the Grade 7 students were studying cell organelles and their functions for the 

unit on the Variety of Life, their teacher (Clara) actively encouraged students to make “real 

life” analogies to cell functions. For example, a policeman was used as an analogy for the cell 

membrane in an animal cell. It protected what went in and out of the cell. The nucleus was 

considered the brain of the cell; it controlled all the cell functions and activities. The vacuole 

was a swimming pool; it contained and stored water and minerals etc. Once these analogies 

were discussed and agreed upon consensually by all ELLs, they then made a rap song about 

the cell and acted it out. Students brought props and costumes to class, and did a role-play of 

the parts and functions of the cell. This was a very effective manner in which to consolidate 

their scientific understanding of cells. In fact, during their unit assessment on “Cells”, many 

students mentioned to the teacher (Clara) that they had rehearsed the analogies and skits in 

their heads while taking their test.   

Lastly, video or audio-recordings using, WhatsApp, Flipgrid, Stream, or Voxer (a free 

app which acts as a “walkie-talkie” and enables students to easily make audio-recordings of 

their science responses), are not only excellent tools to encourage ELLs to speak, but they 

also reduce the burden of writing, and provide immediate feedback/responses via an 

integrated play-back system. Audio-recordings via the use of Flipgrid (Daisy) or other audio-

recording systems (Adele, Clara) provide ELLs with the opportunity to orally share their 

responses and demonstrate their scientific understanding, as well as engage them with their 

peers in a non-judgemental way. Technology, used effectively, is a powerful way of 
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promoting the speaking of ELLs in science. Speaking can also be enhanced by utilizing 

methods such as purposeful grouping. 

 

Purposeful Grouping. If we are to truly have culturally inclusive classrooms, the 

inclusion of ELLs goes without saying. This is not always easy as it is contingent on the 

teachers’ or English speakers’ perceptions of ELLs in the class. Purposeful grouping for class 

activities such as experiments, class discussions, cooperative learning activities, etc. can be 

very beneficial. Pairing and/or grouping native speakers with non-native speakers is one 

option. All ten teachers regularly did this in their science classes. Daisy states, “Non-ELLs 

are super-supportive of ELL needs, and oftentimes, when I use modified resources in groups, 

I offer the same resources to everyone who wants it, so that nobody feels left out”.  

In addition, forming mother-tongue language groups can likewise be beneficial. 

Adele, Amelie, Clara, Daisy, Eva and Frank mentioned the importance of clustering ELLs in 

primary language groups. Students who speak the same primary language can discuss a 

scientific concept or theory in detail, and then attempt to transfer that understanding into 

English with the help of resources such as visual dictionaries, science textbooks in their 

native language, videos, etc. While lesson objectives can still be met, the process involved in 

reaching those objectives needs to be scaffolded for ELLs.  

One teacher (Clara) works extensively with purposeful grouping. Clara shared a 

wonderful classroom experience in which several East Asian students transferred their 

knowledge about the periodic table from their Saturday mother tongue school textbook into 

their Chemistry unit at their regular, weekly school. The students worked together in small 

groups using their mother tongue texts to understand the organization of the periodic table 

and then proceeded to decode and transfer the knowledge gained into English for their science 
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class. The benefit of purposeful grouping of students was a success-story in this example and 

there are multiple benefits to be gained in terms of children’s cultural and linguistic identities. 

 

Process-Oriented Guided Inquiry Learning (POGIL). POGIL was also used by 

two of the participating teachers (Brooke, Eva). Although only two of the ten teacher-

participants used POGIL, observations revealed this to be a very valuable resource for ELLs 

to develop their science literacy. This was largely because of its adaptability and versatility 

for ELLs. POGIL is a student-centered instructional approach which helps to develop content 

(i.e., science content) as well as communication, critical thinking, and problem-solving skills 

within a small group of students. Most importantly, it allows students to work at their own 

pace, thus reducing the stress induced by time pressures.  

In the science class of one teacher (Eva), students worked in teams of three or four and 

had assigned roles (such as a note-taker, reader, presenter, etc.) which were then rotated for 

every new POGIL activity. In one observed example, this teacher (Eva) used POGIL to teach 

the periodic table to Grade 10 students (see Appendix G). Eva described this type of approach 

as follows.  

I might give POGIL as an individual task at the beginning of a class, 

then use it as the foundation for small group conversations about what 

they think the most important key ideas, vocabulary or modelling 

might be. Then we'd do a whole class plenary. It gives the ELLs a 

chance to speak to their peers, and identify key vocabulary and ideas, 

as a group. 
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POGIL is versatile and allows for purposeful grouping by mixing ELLs and non-ELLs 

together, or alternatively, clustering all the ELLs together. The choice on how ELLs will be 

grouped is made by the teacher, depending on the task and composition of students in the 

class. Another teacher (Brooke), for example, uses POGILs in groups to focus on those 

students with lower English proficiency. One example is a POGIL using ray boxes during a 

science inquiry about angles of incidence and angles of reflection. Students who are fluent in 

English use the POGIL for guided learning and student-led inquiries. Those students work 

independently to inquire about the angles of incidence and angles of reflection. In the 

meantime, the teacher (Brooke) works with the ELLs to scaffold the language and explain the 

task. Brooke might also choose to use the POGIL as an extension activity to explore total 

internal reflection, while the first group writes up their findings independently. Overall, 

POGIL enables the teacher to provide ELLs with extra support (if needed) and/or to 

differentiate activities during the science class. 

 

Creating Opportunities to Celebrate Cultural and Linguistic Diversity.  It is 

important to celebrate cultural and linguistic diversity in science, as well as in other content 

areas. Teachers (Adele, Clara, Daisy, Eva) explicitly shared the importance of validating the 

cultural and linguistic diversity of ELLs in the science classroom. Two examples of this type 

of inclusion were observed in the teacher-participant classrooms. One teacher (Adele) had 

students organize themselves into groups of three from the same or neighbouring countries 

and asked them to present an environmental problem which activists were currently opposing. 

Adele mentioned that the Brazilian students in the class addressed the slash-and-burn method 

which is destroying the Amazon Forest; Asian students spoke about air pollution in their 

hometowns; a Danish student spoke about the Envirobank, a machine that is used to collect 
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plastic in exchange for money, to combat pollution generated from plastics; and a Portuguese 

student discussed the pollution left behind by cruise ships, since Lisbon is one of the common 

destinations of cruise liners. Vis-à-vis native speakers, the ELLs were given the opportunity 

to share an environmental issue affecting their own country. This was an issue they were both 

concerned and/or passionate about. 

During this task, the students were expected to present both sides of the opposing 

case, to take a stand, and then to debate it. This activity not only linked the students to their 

culture, but it engaged them in the research process of an authentic and relevant 

environmental problem affecting their own country, culminating in a debate (argumentation) 

of an environmental topic (see Figure 27).  

Figure 27 

Debating Environmental Issues by Embedding Cultural Diversity  

 

During the second interview, Adele referred to this activity as the environmental click, 

or what made the students aware of environmental issues. The students shared these 

environmental concerns with their class, and in so doing, raised awareness among fellow 

students about a broad array of local issues. Adele concluded this class activity by showing 
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students two videos which illustrated how two specific “environmental clicks” managed to 

create a worldwide movement. 

Another teacher (Daisy) celebrated cultural and linguistic diversity during a science 

unit on “Diet and Nutrition”. The class was discussing the use of energy bars, and students 

were asked to research the ingredients in energy bars sold in their own countries. Students 

then presented the different ingredients of these energy bars to the class. The result was a 

diverse and culturally specific representation of energy bar ingredients which reflected and 

celebrated the diversity of the science classroom. The oral presentation also allowed students 

to work on their oral skills in science. Similarly, while teaching a unit on “Solutions” in a 

class with mostly Asian pupils, one teacher (Eva) had students explain the solutions needed to 

make tofu, instead of yoghurt, as prescribed by their science textbook.  This was indeed a 

simple, yet practical way to make a textbook activity more culturally relevant and to celebrate 

student diversity. Getting to know one’s students, their backgrounds, their cultures and 

creating science activities which validate them, can be very powerful for ELLs. 

 

Listening 
 

Listening is often a difficult skill to monitor, especially for ELLs, as they tend to “mask” 

their understanding, or lack thereof. As Clara mentions:  

ELL students work so hard and cope so well that they often give the 

impression that they understand. This is often not the case. Therefore, I need 

to work on the nitty-gritty details in science, to ensure their true 

understanding of the content. 

The teachers mentioned three ways to support and encourage the listening skills of ELLs in 

science. These included: (i) the use of technology to promote listening; (ii) using grouping to 
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maximise listening skills; and (iii) Dictogloss, an effective tool for promoting listening skills 

among ELLs.  

 

Use of Technology to Promote Listening. The use of technology to promote 

listening skills includes the use of subtitles to complement videos sourced from YouTube, 

scientific DVDs, TED talks, songs, documentaries, podcasts etc. Five of the teacher-

participants (Adele, Aisha, Anna, Clara, Daisy), mentioned the potentials of technology to 

reinforce the listening skills of ELLs in science. ELLs need to be exposed to authentic, 

scientific, audible texts and then to extract the academic language by teaching and/or 

reviewing those terms explicitly. By mixing audio and texts, ELLs are more likely to make 

sense of what they hear. For example, narrated PowerPoints of teacher notes (Adele, Anna) is 

one way to promote the listening skills of ELLs. This was observed among the teacher-

participants as a complementary support for ELLs during Covid-19 school closures and 

online teaching. Anna also mentions the use of a video called Hewitt Drew-It (by Paul 

Hewitt), who poses questions at the end of the video to ascertain the listening skills of all 

students (both ELLs and non-ELLs).  

Additionally, Anna spoke highly of the tool, Communities for Physics and Astronomy 

Digital Resources in Education (ComPADRE) which includes animations and videos 

complemented by transcripts. Anna states the following: 

The combination of visual, audio and text are very effective for my ELLs who often 

find it challenging to keep up with the rapid pace in video. In ComPADRE, usually 

these animations have a theoretical part where they explain the physics and how 

they built the animation and then they challenge the student to explore the 

animation by changing the variables. There is an interactive component as well. 
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Several other apps, software, and audibles can be used to promote listening skills in 

science. One teacher (Clara) mentioned the simple technique of stopping a video every three 

minutes and doing a think-pair-share activity to ascertain listening skills amongst students via 

peer exchanges on the topic. 

 

Using Grouping as a Way to Maximise Listening Skills. Depending on the 

level of English proficiency, ELLs may not always grasp the full extent or details of oral 

(auditory) instructions in science. A review of steps involved in a lab experiment serves as an 

example of how to mitigate this problem. Ideally, teaching ELLs about a lab experiment 

would need to be complemented by other modalities such as written text, images, gestures, a 

demonstration, a virtual experiment, a YouTube video etc. Asking students to respond by 

summarizing an experiment would be one approach. One scaffolded way of creating a 

summary of an experiment, used by Aisha, was to ask the students, “What did you hear? 

Summarize it! Quickly! Think-Pair-Share!”  

Aisha also used the Number Heads Together technique. Students were seated at tables 

of four and assigned a number from #1-4. Talking partners were formed, and then rotated. 

Doing this on a regular and systematic basis was very effective because it created a routine 

for checking students’ understanding as well as identifying any misconceptions. The ELLs 

were not only accustomed to this technique, but since they worked in a small group, there was 

no pressure to talk in a large classroom setting. Additionally, the use of “exit cards” (by 

Daisy) or “Post-it notes” (by Aisha) was also employed to gauge students’ understanding in 

science. ELLs were able to discretely inform their teacher as to whether they understood the 

lesson, or to write down anything they were unclear about. This information could then be 

reinforced in the next class. 
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Another teacher (Eva) adopted another interesting Group-of-Four system to assess 

listening skills. The teacher asked an open-ended question and the first person in the group 

had 60 seconds to respond to the question, the second person had 40 seconds, the third person 

had 20 seconds, and the last person needed to provide a concise and efficient, one- or two- 

sentence response. This process enabled the students to work not only on their scientific 

understanding, but also on the conciseness and accuracy of their scientific language. In fact, 

their final response needed to be scientific, concise, and accurate. If it was not, then the 

students needed to re-negotiate a consensual response.  

Aisha, Clara, and Frank have students question each other (in pairs) to ascertain 

student listening as well as to correct any misconceptions. Whereas, Brooke starts a new unit 

of science with a word game. Students are asked to cross out any “key words” they hear their 

teacher use from their vocabulary list. This is another way to monitor students’ listening skills 

in the classroom.  

 
Dictogloss: A Listening Technique to Promote Social Engagement. Dictogloss is a 

well-known technique to promote listening skills for all students, but especially for ELLs. 

Used often by two of the participating teachers (Clara, Daisy), Dictogloss consists of three 

steps. First, all students are split into pairs and initially the teacher reads a science text at a 

slow pace. Students are urged to simply listen carefully. After reading the text, the teacher 

asks the students to talk about the text in pairs.  

The teacher then re-reads the same text at a normal pace, but this time allows students 

to write down “key words” or main ideas about the text. Students are encouraged to write 

down anything that will aid their recollection of the material. The final step is that the teacher 

asks all students to summarize their understanding of the text in one concise paragraph. 
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Students can use both sets of their notes, discuss them with their peers, and write down a final 

joint-response. This response will be shared with the class, so that the teacher can identify any 

misconceptions and/or clarify any misunderstandings.  

Dictogloss not only develops listening, speaking, reading, and writing skills in 

science, but it also promotes social engagement and allows the teacher to act as a facilitator. It 

is a student-centered activity based on peer interaction and exchanges. Clara used Dictogloss 

to review the differences between acids and bases in a unit on Chemistry. Clara extended the 

Dictogloss activity even further by later having the students write a song or poem about acids 

and bases and share these in class, on a voluntary basis. 

 

Doing (Science Inquiry) 
 

When teacher-participants were interviewed regarding this “doing” constituent of 

science, or in other words, their use of science inquiry for ELLs in science, they all mentioned 

the critical role of inquiry in science education. A myriad of inquiry activities was cited, but 

three major categories seemed to dominate this conversation: (i) hands-on activities and 

problem-based learning; (ii) flipped classroom approaches to science; as well as (iii) the use 

of virtual labs, virtual simulations, and animations.   

 

Hands-on Activities and Problem-Based Learning. Doing or science inquiry, 

involves a plethora of experiments or hands-on activities and problem-solving. It also 

includes active thinking and the use of scientific language. Science inquiry is a social process 

which includes communication, interaction, the sharing of scientific knowledge using critical 

thinking, and the use of scientific terminology. Science inquiry also includes the co-

construction of new knowledge. All the teachers stated the fundamental role of science 
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inquiry in their classrooms. ELLs usually enjoy science inquiry because it often occurs in 

pairs, triads, or small groups and may also include students who share the same mother 

tongue. It is a way to validate student cultures and identities. Hands-on activities are tangible, 

concrete activities which reduce the burden of written text. They offer ELLs the opportunity 

to generate scientific understanding via experimentation and first-hand experiences. 

Problem-based learning (PBL) is a helpful way to contextualize scientific learning by 

giving students problems to solve and/or to create. Authentic problem-based learning is likely 

to enhance the academic skills of ELLs, integrate them more into the content, as well as increase 

their motivation in science. Like science inquiry, this is largely due to its social nature whereby 

students can communicate, plan, and negotiate the steps needed to solve a specific problem, or 

alternatively, to create something together. The opportunities for hands-on activities and 

problem-based learning in science are astronomical. 

 

Flipped Classroom Approaches to Science. A flipped classroom is a pedagogical 

approach which is designed to promote both student engagement and active learning. The 

flipped classroom is more student-centered versus teacher-centered. Content is learned 

predominantly via videos or third parties such as guest speakers, TED talks, podcasts etc. and 

is then complemented by planned activities requiring extensive social collaboration and 

engagement. This can indeed be a good approach for ELLs, if they are given adequate support 

because the students can work at their own pace and/or with peers sharing content at similar 

English levels to their own. However, both assessment and feedback need to be well-designed 

and integrated into the flipped-classroom activity, if they are to benefit ELLs.  

A Chemistry teacher (Eva) described starting her flipped-classroom by using a 10- 

minute video. Students were given the opportunity to take their own notes, to research the 
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information online, and to discuss the video in mother tongue groups, etc. Eva mentioned that 

in a flipped classroom, each student can take the approach which works best for his/her 

linguistic and learning needs. As in any class, if a flipped classroom is planned and scaffolded 

well, it can be a versatile approach which is student-centered and which celebrates students’ 

linguistic, cultural, and diverse learning styles. Students will adopt whichever learning 

technique that works best for him/her.  

Another example of an “active” flipped classroom was observed with Brooke who used 

this approach when teaching a unit on Earth and Space. Brooke purposely grouped all ELLs 

with native speakers. Five groups of three students were created by the teacher. Students were 

initially asked to write down three “burning questions” about Earth and Space in their teams. 

The questions were then to be prioritized in 1st, 2nd and 3rd place. The teacher then prompted 

each group to consensually select one question before beginning their research. The students 

then conducted their research and taught (or led) a science class about what they had learned 

using the following three guidelines. 

 

Figure 28 

Guidelines for a Flipped Classroom Unit on Earth and Space  

1. Starter: Get your classmates (students) to think about the lesson or remember what they 

already know about the subject (5-10 minutes long). 

2. Main: Try to incorporate activities for as many different learning styles as you can (4 or 5 

learning styles; 10-minute activities). Deliver your content using pictures on a PowerPoint, 

models, pupil modelling, worksheets, fill-in-the-blanks, small practical activities, mind 

maps, posters etc. 
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3. Plenary: In the last part of the lesson, encourage your classmates (students) to reflect and 

self-assess (10 minutes). This could be in the form of a small quiz, such as Kahoot! 

 

This flipped classroom allowed the teacher to work closely with the ELLs in the class. 

As mentioned earlier, in the flipped classroom, all the tasks demanded are student-centered; the 

teacher can act as a facilitator and circulate in the classroom, providing additional support to 

all students in the class, especially to ELLs. Brooke mentioned, “This is a great opportunity for 

me to help the ELLs and to scaffold for language, as I normally don’t have the chance to do so 

if I am teaching the content up front.” 

 

Use of Virtual Labs and Simulations and Animations. Given the significant 

number of instructional technologies available to teach science, focus has been placed only on 

those technologies mentioned “most frequently” by the participating teachers. These 

included: virtual labs, simulations, and animations. One such resource commonly used by 

four teachers (Adele, Aisha, Anna, Brooke) was Physics Education Technology (PhET). 

PhET, a University of Colorado designed website that includes virtual labs, videos and 

several interactive simulations about Math, Chemistry, Physics, Earth Science, and Biology. 

The same four teachers (Adele, Aisha, Anna, Brooke) mentioned making use of several PhET 

experiments on the SMARTBOARD during their teaching. Students also accessed PhET on 

their laptops. In addition to being a mix of audio and video, several simulations are interactive 

and allow students to manipulate variables in the experiment. PhET is also available in many 

languages – a great asset for the wide spectrum of ELLs in international schools, and in 

today’s classrooms overall. Figure 29 is a screenshot of PhET showing the variables which 
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can be manipulated, as well as the different formats (graphical, tabular data, etc.) which can 

be viewed by clicking on the “Views” tab (see Figure 29). 

Figure 29 

Screenshot of PhET 

https://phet.colorado.edu/en/simulation/acid-base-solutions) 

Interpreting 

As evident from the PhET screenshot used in a Chemistry class, interpreting and 

analyzing data are critical processes in science. However, when interpretation and analysis are 

combined with the complexity of the multimodal nature of scientific language or data (i.e., 

text, tables, graphs, diagrams etc.), the challenges for ELLs are compounded even further.  

The modality of interpreting may include: (i) the use of technologies; (ii) the ability to 

predict and make inferences; and (iii) the ability to use metaphors and analogies to support 

decisions related to science matters. Each of these will be addressed individually. Data analysis 

https://phet.colorado.edu/en/simulation/acid-base-solutions
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with the use of databases and software such as Excel to collect, organize, and process data are 

key tools for interpretation in science.  

 

Interpreting with the Use of Technology. One teacher (Anna) stressed the role of 

interpreting and data analysis in Physics. This teacher (Anna) claimed that when it comes to 

ELLs, they were generally very good with data analysis skills because it relies on greater 

numeracy versus literacy skills. Hence, the use of technology for interpretation in science 

comes easily for ELLs. In addition, when hands-on experiments are not possible, such as in the 

case of topics like nuclear energy, radioactive decay, astrophysics etc., the use of PhETs (used 

by Adele, Aisha, Anna, Brooke) as well as COMPadre (Anna) is very effective for ELLs 

because these programmes combine a mix of different modalities such as technology, 

animations, audio, video, interactive simulations, and the ability to work at one’s own pace —

all positive features for ELLs. 

Another teacher (Adele) used a software called Gizmos to study the water and carbon 

cycles as well as predator/prey relationships in Ecology. The advantage of such software is that 

students can manipulate variables in the experiments, especially those which cannot be 

conducted in “real time”, and students can predict and make inferences about the outcomes of 

such experiments. Lastly, three Biology teachers (Adam, Adele, Brooke) used virtual 

dissections of organs and entire species such as frogs, in their classes eliminating the need to 

use real specimens and granting greater accessibility for dissection labs to all students, 

especially during school closures. 

 

Predicting and Making Inferences. By looking at tabular and/or graphical data, 

scientists need to make predictions and inferences about important scientific, societal, and 
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environmental issues. All teachers mentioned the importance of predicting and making 

inferences in science. Frank scaffolded the interpretational task required of ELLs during 

experimentation, by asking them to write one sentence about their data, instead of an entire 

paragraph, requested of English native speakers. He stated: “Explain what your data shows 

you about this experiment. Do you see any patterns? If so, which ones? Please write one 

concise sentence about your data.”  This gave the teacher (Frank) an inkling as to whether the 

ELLs understood the data and/or the presence of trends or patterns in the data. The result of 

such a simple modification was that ELLs did very well with interpretational tasks. One 

concise and accurate statement sufficed for Frank to assess their understanding of the data, 

versus a longer more laborious text-intensive paragraph.  

Another teacher, Clara, provided ELLs with sentence frames to support predicting and 

inferencing. The language associated with inferencing was rehearsed orally in class and 

applied in context. Clara also regularly provided ELLs with graphs portraying data about 

“real life” events such as in transportation, population growth, air pollution levels etc., and 

systematically reinforced the language surrounding inferencing and/or the explanation of 

trends throughout the academic year. This was an ongoing activity designed to consolidate 

students’ interpretational skills in science. 

 

Use of Metaphors and Analogies.  Metaphors and analogies are also often used in 

science to explain a complex phenomenon. For example, many parts of the human body are 

often compared in these ways. Blood vessels are like highways; a cell is like a factory; the 

immune system is like the police force, etc.  These metaphors and analogies may be visual or 

verbal, either in text, picture, diagram, 3-D format, or presented by the teacher.  
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One of the teachers (Adam) extended the skill of interpretation further by asking 

students to make analogies in their ESS class. The objective was to make a scientific concept 

more concrete for all students. The class assignment involved identifying a connection or link 

between two phenomena.  Adam asked the students to first describe (in writing) and later to 

discuss (orally), the association between “convection cells” and the “Ice Ages”. Identifying 

associations as well as making analogies with “real-life”, concrete examples is another way of 

developing interpretative skills in science.  

It is interesting to note that two other teachers (Clara, Daisy) also used analogies to 

explain cell parts and functions. Daisy, for example, had the students compare the cell parts 

and functions to a factory. Daisy used the following activity made by Science NetLinks, a 

project of the Directorate for Education and Human Resources Programs of the American 

Association for the Advancement of Science (AAAS). Each part and function of the cell was 

compared to its job in a factory (Figure 30). The “Answer Key” (Figure 31) clearly illustrates 

these relationships.    

Figure 30 
 
Using Analogies in Science: The Cell and Factory 
 

Job in the Factory 
 

Cell Organelle Function of the Organelle 
 

Shipping/Receiving 
Department 

     

Chief Executive Officer 
(CEO) 

    

Factory floor     

Assembly line (where 
workers do their work) 

    

Workers in the assembly line  
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Finishing/packaging 
department 

     

Maintenance crew     

Support beams (walls, 
ceilings, floors) 

  

Power plant   

 

http://sciencenetlinks.com/student-teacher-sheets/comparing-cell-factory/ 
 
 
Figure 31 
 
Answer Key: The Cell and Factory 
 
 

Job in the Factory 
 

Cell Organelle Function of the Organelle 

Shipping/Receiving 
Department 

Plasma membrane Regulates what enters and leaves the 
cell; where cell makes contact with the 
external environment. 
 

Chief Executive Officer 
(CEO) 

Nucleus Controls all cell activity; determines 
what proteins will be made. 

Factory floor Cytoplasm Contains the organelles; site of most 
cell activity. 

Assembly line (where 
workers do their work) 

Endoplasmic Reticulum 
(ER) 

Site where ribosomes do their work. 

Workers in the 
assembly line 

Ribosomes Build the proteins. 
 

Finishing/packaging 
department 

Golgi apparatus Prepares proteins for use or export. 

Maintenance crew Lysosomes Responsible for breaking down and 
absorbing materials taken in by the cell. 

Support beams (walls, 
ceilings, floors) 

Cytoskeleton Maintains cell shape. 

Power plant Mitochondria/chloroplasts Transforms one form of energy into 
another. 

 
http://sciencenetlinks.com/student-teacher-sheets/comparing-cell-factory-answer-key/ 

 

http://sciencenetlinks.com/student-teacher-sheets/comparing-cell-factory/
http://sciencenetlinks.com/student-teacher-sheets/comparing-cell-factory-answer-key/
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Representing 
 

Representing in science is used to allow students to articulate and refine their 

understanding of science ideas and to allow teachers to evaluate students’ conceptions (Klein 

& Kirkpatrick, 2010). There are many ways that both teachers and students can use 

representations in science, with or without the use of technology. Representations are ways 

teachers can teach scientific concepts without the burden of text-only approaches. In fact, the 

use of representations are effective ways to scaffold for ELLs. For example, dioramas can be 

used to represent an animal habitat; mobiles to represent the planets of the solar system; 

drawings and labels to represent human organ systems; 3-D models to represent cells and 

their parts, etc. The same could be said about the representational power of designing posters.  

The use of varied methods of representation, with or without the use of technology, 

allows teachers to move beyond print (text) and has been recommended as an alternative way 

to formatively assess the scientific understanding of ELLs. Three of the most commonly used 

representations mentioned by the participating teachers included: (i) making of models; (ii) 

the use of science kits; and (iii) drawing. Let’s take a closer look at each of these. 

 

 Making of Models. The making of models is a common way to represent the 

understanding of scientific concepts. Six teachers (Aisha, Brooke, Clara, Daisy, Eva, Frank) 

mentioned the use of models in their classes. In the unit on Forces, for example, Daisy 

scaffolded the concepts of density and buoyancy by asking her students to conduct a boat 

competition. Students were asked to make an aluminium foil boat able to carry a load of 10g 

masses as cargo while it floats in a basin filled with water. The boat able to withstand the 

greatest number of 10g masses, would be the winning one. Daisy then extended and 

transformed this boat activity by using 3-D printers. Students designed and made their boat 
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using the same criteria (i.e., a boat able to carry a load of 10g masses as cargo), but this time, 

using a 3-D printer.  

Once again, the boat able to support the highest number of 10g masses, was the 

winner. With or without technology, all students were able to experience a hands-on, 

competitive challenge which clearly demonstrated the concept of buoyancy. This boat model 

taught them the phenomenon of buoyancy in an authentic and relevant way — a much more 

effective way of learning than the traditional rote memorization of the definition for 

buoyancy, typically given as “the quality of being able to float”. Cambridge University Press. 

(n.d.) Buoyancy. In Cambridge dictionary. Retrieved April 1, 2021, from 

https://dictionary.cambridge.org/dictionary/english/buoyancy.  

 

Use of Science Kits. The use of science kits is another effective way to make abstract 

concepts such as atoms and bonding more concrete and visual (Minner et al., 2010). Many 

science teachers (Adam, Aisha, Anna, Daisy, Eva, Frank) mentioned the use of molecular 

bonding kits to demonstrate 3-D chemical structures; DNA kits to represent the double helix 

structure; electric circuitry kits to make series and parallel circuits; forensic chemistry kits to 

test blood and bodily fluids; geology kits to test the properties of rocks and soil samples, and 

so on. The sheer number of science kits available today is extraordinary. With so many 

options available for teachers to use, it could be said with certainty that via the use of such 

kits or manipulatives, all students can more readily access and demonstrate their 

understanding of abstract phenomena. By using science kits in pairs or in groups, students not 

only socially interact to create meaning, but they are mentally and physically engaged in a 

hands-on, minds-on approach (Minner et al., 2010). 

 

https://dictionary.cambridge.org/dictionary/english/quality
https://dictionary.cambridge.org/dictionary/english/able
https://dictionary.cambridge.org/dictionary/english/float
https://dictionary.cambridge.org/dictionary/english/buoyancy
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Drawing. Drawing was mentioned unanimously by all the teachers as a means by 

which students can demonstrate understanding in science, and as an effective means which 

can be employed for representation purposes. Drawing can be used explicitly when teaching 

sketch-noting skills (or notetaking with the use of illustrations, symbols, structures, and texts) 

or alternatively, to encourage student representations of their understanding in science. Use in 

the participating classrooms ranged from drawing and labelling human organ systems, to 

using symbols such as arrows to show the direction of forces etc.  

One teacher (Adele) discussed the drawings of particles to demonstrate the differences 

between solids, liquids, and gases. Anna mentioned the importance of drawing diagrams in 

Physics; whereas Clara discussed the drawing and labelling of cells in Biology, as well as the 

drawing and matching of lab equipment to their scientific names in Chemistry. The 

affordances of drawing are numerous. Drawings are visual and reduce the need for an 

abundance of text. They are also a quick way to demonstrate scientific understanding as well 

as to show processes, causes-and-effects, sequential patterns, etc. Drawing is universal and 

understandable to all, independent of linguistic skills and abilities. It is also creative, highly 

representational, and useful during problem-solving activities.  

In conclusion, it seems fair to say that these seven modalities of reading, writing, 

speaking, listening, doing, interpreting, and representing, with or without the use of 

technology, offer multiple benefits to ELLs in science. With this in mind, what do teachers 

“need” in order to effectively integrate science literacy for ELLs? These needs will be 

considered, in light of the research responses gathered. 

Although all the teacher-participants interviewed were very empathetic and sensitive 

to the ELLs in science, of the ten teacher-participants interviewed, three of them were 
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noteworthy in terms of their instructional strategies and multimodal approaches in meeting 

the needs of ELLs. These three teachers included: Daisy, Eva, and Clara. This in no way 

implies that the other teachers were unsatisfactory in this regard. On the contrary, they all 

adopted explicit and targeted approaches to meet the needs of their ELLs in science. These 

three teachers (Daisy, Eva, Clara) have been highlighted based on three criteria: (i) their 

extensive professional development and experience with ELLs; (ii) the creativity of their 

instructional approaches; and (iii) their effective and extensive use of multimodality.  

 

Portrait of Daisy 

Daisy is one of those teachers who takes full advantage of in-service training as well 

as professional development opportunities both in and out of school. Daisy has been a science 

teacher for 22 years and has taught in international schools in the United States, the Middle 

East, South and Central America, as well as in Europe. In addition to being certified in 

teaching ELLs, Daisy has taken several professional development courses specifically on how 

to teach science content to ELLs. Lastly, Daisy has worked collaboratively with ELL/ELD 

teachers for many years and has co-teaching experience with ELL/ELD teachers in the 

science classroom.  

While interviewing Daisy, it was obvious that she adopts an impressive diversity of 

strategies to support ELLs in the science classroom on a regular basis. These include: the use 

of levelled pre-reading or reading activities to support science literacy development; the use 

of sentence starters and/or grammar frames; the use of templates, graphic organizers and 

visuals as support material; the systematic practice of front-loading science vocabulary before 

starting a new unit of science; the ongoing use of working word walls; the deliberate use of 

modified assessments (i.e., inclusive of word banks, visuals, and reduced text); the provision 
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of opportunities for ELLs to provide oral feedback on assessments versus the traditional 

written responses; the use of creative technology options such as the use of screencasts, 

videos with subtitles, interactive whiteboards, Flipgrid, Kahoot!, Poll Everywhere, iMovie, 

and finally, the use of Exit Cards as a way to check for scientific understanding.  

During the second interview, Daisy shared that ELLs will succeed if they have a 

genuine willingness to learn English. Daisy also mentioned that parents’ attitudes towards 

learning English are also a determining factor for ELLs. Daisy shared an inspiring story with 

me about an ELL student whose attitude toward learning English changed radically because 

of the effective use of technology in the classroom. Daisy recounts: 

I taught a Russian boy who was adamant about learning English. He did not want to 

learn English and was resistant to anything we did in science. Then one day, while were 

on the unit of Forces and discussing the concept of buoyancy in science, I had the 

students design and make a boat using a 3-D-printer. This is the first time that I saw him 

get excited about science. He could totally relate to this building project. He felt 

successful. There was joy in his eyes, instead of the anger he normally showed about 

learning in English. This is one of my success stories as a science teacher! 

 

Portrait of Eva 

Eva is a Chemistry teacher who has taught internationally for 24 years. Eva is very 

versatile with her teaching approaches and diversifies instructional strategies depending on 

student needs. Eva resorts to the use of whiteboards, purposeful grouping, POGILs, as well as 

supporting text with visuals. A brief extract from a Chemistry review sheet (Figure 32) is an 

example of how Eva supports text with visuals. Students can easily locate groups and periods 

in a periodic table. With the use of a few bullet points, Eva also provides students with a 
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short, yet concise definition of these words. Color-coding also assists students in locating the 

position of Group 1 (Alkali Metals) on the periodic table. Figure 32 shows how simple it is to 

scaffold scientific text using a visual support. 

 

Figure 32 Visual-to-Text Supports in Chemistry 
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Eva also provides ELLs with sentence frames to develop skills such as writing a 

research question in a lab report. This is reinforced orally in class as well. Using a very 

simple fill-in-the-blank scaffold, students can create a research question. An example (Figure 

33) is also provided as a model for the students: “How does the number of elastic bands affect 

the length of stretch when a “Barbie” is thrown off a wall attached to elastic bands like a 

bungee cord?” 

 

Figure 33 

Using Sentence Frames to Support Lab Reports  

 

Scientific concepts and vocabulary are also enhanced via visual thinking using videos 

or diagrams such as these red blood cells (see Figure 34). Students can visually notice the 
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effects of diffusion and osmosis on red blood cells placed in different types of solutions (i.e., 

hypertonic, isotonic, or hypotonic solutions). With this diagram/visual, the complex 

phenomena of hemolysis (bursting of red blood cells) and crenation (shrivelling of red blood 

cells) can easily be represented with a diagram. The benefits gained by coupling reduced text 

and visual representation is extraordinary. 

 

Figure 34 

Supporting Scientific Vocabulary with Visuals 

 

In order to encourage speaking, Eva allows ELLs to make an audio- or video-

recording since they may be shy and/or lack the confidence to respond orally in front of the 

class. Students use Flipgrid or Voxer to do this. Of final note, in terms of representing 

scientific understanding, with or without the use of technology, Eva assesses student 

understanding with the use of structured science journals on Googledocs (see Figure 35). This 

allows students to compile all their science notes digitally in one place and to complement 

their science notes by inserting diagrams, pictures, drawings, additional notes in their own 

language and/or from other sources, to add video links, audio-notes, other websites, and 

more!  
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Figure 35 

Science Journal Guidelines  

 

 

Portrait of Clara 

Finally, Clara is a very experienced ELL science-support teacher who also has co-

taught for many years with a science teacher. An educator with 23 years of teaching 

experience, this teacher uses a mix of multimodal techniques to support science 

understanding. Clara shared several strategies on how to meet the needs of ELLs using all 

seven modalities of teaching (i.e., reading, writing, listening, speaking, doing, interpreting, 

and representing, with or without the use of technology). However, rather than provide these 

strategies in a “recipe-like” list, I will describe a concrete example shared by Clara.  

During the unit on Life Sciences, in order to teach plant and animal cells, Clara 

scaffolds science vocabulary in the unit by building digital glossaries in the primary language 

of the students, as well as in English. The students also make use of Four-Corner Vocabulary 

Cards and then share their cards with their peers, recite them, and discuss them. 

Complementing vocabulary with talk, gestures, drawing, images, and/or role-playing, aids 

students’ understanding of scientific words. Additionally, Four-Corner Vocabulary Cards 

make use of primary language, and as such validates the cultural identity of ELLs. Figures 36 

and 37 represent one example of the use of the Four-Corner Vocabulary Card. 
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Figure 36 

Four-Corner Vocabulary Card Template 

Write down the science concept or term. 

 

 

 

Write the definition in your primary language. 

 

Write the definition in English. 

Make a drawing or sketch of your word. 

 

 

Use the word in a sentence. 

 

Figure 37 

Sample of Four-Corner Vocabulary Card 

Write down the science concept or term. 

 

Nucleus 

 

Write the definition in your primary language. 

Le noyau d'une cellule contrôle toutes ses 
fonctions : il est considéré comme le «cerveau» de 
la cellule. 
 
Write the definition in English. 

The nucleus of a cell controls all its function; it is 
considered the “brain” of the cell. 
 

Make a drawing or sketch of your word.

 

Use the word in a sentence. 

The nucleus of the cell is usually in the centre and 
is very important because it controls everything 
the cell does.  

After completing these cards and sharing them, the students then read selected articles 

on cells to reinforce the needed vocabulary in context and to experience the concept of cells 
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as “real-life” science. Depending on their level of English proficiency and/or preference, 

these articles could be read in English (using levelled text supports) or in the students’ native 

language. In addition to vocabulary development (i.e., cell types and parts), students were 

expected to also learn the functions of the cell parts. 

Rather than rote memorization, Clara offered the students the opportunity to make cell 

models, to engage in drama and/or role-play, to use choreographic movement or gestures, 

write stories or poems, compose songs etc., to demonstrate their scientific understanding of 

cells. Students could select their activity of choice, individually or in small groups. During 

my research, a superb skit on cell parts and their functions was observed. All students were 

fully engaged, regardless of their level of English proficiency. They handled their tasks with 

utmost commitment and motivation, and it was evident that they fully understood both the 

concepts and functions of the cell parts. No student remained passive or was excluded from 

the activity. On the contrary, the confidence and engagement of all the students was 

commendable throughout the duration of their project on cells.  

Last but not least, the students observed the cells under a microscope. They drew 

sketches of the slides and jotted down their observations in their science notebooks. It was 

observed that, Clara adopted all seven modalities to support this unit on cells and their 

functions. Reading, writing, speaking, listening, doing, interpreting, and representing, with or 

without the use of technology, were all used in a holistic manner. Given the rapid change in 

today’s classrooms, these three teachers demonstrated significant expertise in teaching “All” 

of their students, but especially ELLs, though they are far from being the norm. There are 

many in-service and pre-service teachers who need to be trained on how to teach ELLs in 

their science classes. Let us take a closer look at their needs to do so. 



126 
SCIENCE LITERACY FOR ENGLISH LANGUAGE LEARNERS 
 
Needs of Science Teachers to Integrate Science Literacy for ELLs  
 

After an in-depth and thorough analysis of all the data sources in response to RQ#3, 

five major themes concerning the needs of teachers to effectively teach ELLs in science, were 

noted down. These themes included: (i) the need for a positive mindset and awareness 

(among teachers) towards teaching science to ELLs; (ii) the importance of administrative 

support for ELLs; (iii) the need for time, multimodality and specialized PD for teachers to 

adequately scaffold science content and meet the needs of ELLs in science; (iv) the need for 

scheduled opportunities to collaborate with the ELL/ELD teacher; and (v) the need for 

valuing the importance of co-teaching science with an ELL/ELD teacher. Figure 38 is a 

schematic diagram of these findings. It illustrates that for my conceptual framework to work 

effectively, the five above-mentioned criteria need to be in place. 

 

Figure 38 

Teacher Needs to Integrate Science Literacy for ELLs 

 

 

 



127 
SCIENCE LITERACY FOR ENGLISH LANGUAGE LEARNERS 
 

Positive Mindset Towards Teaching ELLs Science. All ten teachers mentioned the 

importance of having a positive mindset for ELLs in the science class. As mentioned earlier, 

all the teacher participants shared this positive mindset. None of them viewed ELLs as 

“slowing down” their science class. Clara stated the following about her ELLs: “Given their 

cultural and linguistic richness and their life experiences, ELLs have so much to offer to their 

peers. Non-ELLs know this. It’s just a matter of creating opportunities for them to engage in 

the mainstream class”. Hence, promoting a positive mindset towards teaching ELLs largely 

depends on creating a “culture of openness” and commitment to an equitable education. This 

needs to trickle down from the leadership and school administration. It cannot simply rely on 

the goodwill of the teachers. 

 

Administrative Support to Teach ELLs Science. All the teacher participants agreed 

that there needs to be a priority and adequate administrative support provided to teachers 

within schools to effectively meet the needs of ELLs in all content areas. This implies the 

implementation of a robust language policy as well as a commitment to establishing a strong 

ELL/ELD Department with solid human resources, adequate scheduling, and on-going 

professional development. The role of school administrators should be to uphold the status 

and parity of ELL/ELD teachers within the school establishment. Developing a school culture 

of equity in all subject areas as well as a culture of collaboration and support is the first step. 

This means that ELL/ELD teachers should not be viewed as classroom assistants, but as 

language specialists with the role to support the linguistic needs of students in content 

courses.   

In addition, it is important for school administrators to allot scheduled time for science 

teachers (during their non-contact hours) to scaffold their science content and develop 



128 
SCIENCE LITERACY FOR ENGLISH LANGUAGE LEARNERS 
 
resources for their ELLs. This does not imply providing a diluted science curriculum to ELLs, 

but rather one which maintains science content, while decreasing the linguistic load for ELLs, 

simultaneously. Unfortunately, given the growing demands on teachers during times of fiscal 

restraint in education, time itself is always at a premium. Therefore, if there is a genuine 

commitment to investing in ELLs, prioritization of science teachers receiving adequate time 

to prepare modified resources and materials for their students, is essential. 

 
Time + Specialized PD + Multimodality to Teach ELLs Science. Following this 

 issue of time, one factor that six teacher-participants (Adam, Aisha, Amelie, Brooke, Clara, 

Daisy) spoke about was indeed the need for time to scaffold science resources for their ELLs. 

Given their many demands and overloaded curricula, they did not have enough time to make 

new resources or to scaffold their existing resources to meet the needs of their ELLs. This 

was a great source of frustration for them and they resented the fact that they could not fully 

meet all of their students’ needs.  

Long-term and on-going specialized PD for teachers of ELLs in science was also a 

priority expressed by all the teacher-participants. Adele mentioned the importance of learning 

specific “strategies” and/or “tricks” to teach ELLs. Aisha sought for opportunities to access 

specialized PD material on how to teach ELLs in science. Whilst, another teacher (Adam) 

mentioned the need for a course on vocabulary development in Biology for ELLs. Daisy, who 

was a teacher who invested a great deal of her time in PD courses, both inside as well as 

outside of school, mentioned: “All subject teachers should have a general refresher course on 

teaching science for ELLs every few years.” Last but not least, all the teacher participants 

stressed the importance of multimodality to teach ELLs effectively in science, and they 

welcomed more training in this area. This view will be elaborated on in the next chapter.  



129 
SCIENCE LITERACY FOR ENGLISH LANGUAGE LEARNERS 
 

Collaboration or Co-Teaching Between the Science and ELL/ELD Teacher.  All 

participating teachers described different forms of collaboration in which they engaged in at 

their schools. This included collaboration with the Math department as well as intra-

departmental collaboration. All of the science teacher-participants (Adam, Adele, Aisha, 

Anna, Brooke, Daisy, Eva, Frank) mentioned a willingness and desire to co-teach with an 

ELL/ELD specialist and/or alternatively, co-plan and co-assess with a language specialist. 

Likewise, the two ELL science-support teachers (Amelie and Clara), also welcomed 

collaboration with the science teachers. The science teachers were unanimously open to a co-

teacher sharing their class, although they were fully aware of the financial implications that 

this would entail for any school — be it private or public. 

Scheduling is a key requisite for any type of co-teaching relationship. Currently, 

teachers are left to meet on their own time, before- or after-school, during recess or lunch, in 

the staff room or school corridors, etc. The result is often frustration for both parties involved, 

including a lingering feeling of “a job not being well done”. Hence, scheduling allocated time 

for co-planning, co-assessing, and co-reflecting for teachers of science and ELL/ELD is very 

important.  

Recognizing that the imminent possibility of co-teaching with an ELL/ELD teacher 

was unrealistic, all of the science teachers (Adam, Adele, Aisha, Anna, Brooke, Daisy, Eva) 

with the exception of Frank, who already co-taught with an ELD teacher, welcomed having 

planning time with the ELL/ELD specialist in order to appropriately scaffold for their ELLs 

in science. In five schools (Schools A, B, C, D, and E), this was further compounded by the 

fact that the ELL departments were both understaffed and overworked in order to effectively 

meet the needs of all the ELLs in Grades 7-12. Brooke states the following:  
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Part of our EAL/ELL Department is understaffed, so in terms of their timetable, they 

are overworked. This is one factor, but part of it is that they would prefer to work with 

us [science teachers], to help us understand the type of language we are using… 

However, given their current time constraints and existing school structures, even finding a 

common planning time was often not possible. As a result, they had to accommodate ELLs 

“as best as they could.”  

 What was most astounding in my findings was that all ten teachers welcomed a co-

teacher in science. I was not expecting this and had to set aside my own personal biases about 

co-teaching, and really fully immerse myself into the comments of my teacher-participants 

regarding co-teaching. Eva stated, “I would like to collaborate with second- or third-language 

teachers. Get advice from them on language acquisition skills.” Whilst, Adele shared this 

story, “I once had a co-teacher of ELLs. It was very helpful to me. She was in my class for an 

entire semester. I would like to have that again. She was a great help”. Aisha also mentioned, 

“I would like another person in the classroom with whom to collaborate. Opportunities to 

work with someone and get feedback from him or her, would be great!” Lastly, Adam stated 

the following, “Every month I would like an ELL specialist to introduce a new unit of 

Biology and its vocabulary to the class.” 

Frank was the only teacher who had an existing co-teacher partnership. Frank 

commended this programme as this was the first school he had ever worked at, which offered 

specialized support for its ELLs. Frank shared with me that co-teaching with an ELD 

colleague in School F was a very positive experience. Frank received support for ELLs three 

times, over a two-week cycle. Students received support on labs, research papers, and on 

science vocabulary development. When the co-teacher went to the science class, he/she 
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shared the same role and status as the science teacher; not that of a classroom assistant. In 

School F, ELL support was regarded as a high priority by the existing school leadership. The 

school ethos of equity in education applied in all content areas. 

Daisy who had worked with a co-teacher at a previous school, shared the affordances 

of co-teaching with a colleague who was a language specialist. Having a co-teacher with an 

ELL/ELD focus enabled Daisy to scaffold for both science content and language. Daisy 

viewed the co-teacher as a specialist in language acquisition who could positively 

complement the teaching of science content. Daisy remarked, “The co-teacher also reduces 

the pressure of having to make instructional resources/materials for ELLs.”  

While Daisy taught, the co-teacher supported science content by jotting down notes 

and diagrams on the board; by making a word wall for vocabulary development; by providing 

sentence starters and grammar frames; and by complementing oral instructions made in class 

with texts, visuals, and drawings. Daisy stated, “This form of live support during co-teaching 

is really phenomenal.”  

Time for co-planning, co-teaching, co-assessing and co-reflection were all factored 

into the daily working schedule of the teachers in School F, creating legitimacy for the 

support of ELLs. This is rather exceptional and not very common in many international 

schools. The content teacher and ELL/ELD teacher also collaborated on creating assessments 

together. Figure 39 is one example of an assessment which was created to focus on the 

similarities and differences between ionic and covalent compounds. It provides ELLs with 

language scaffolds, as well as a Venn diagram to support comparative writing skills on these 

two types of compounds. 

   



132 
SCIENCE LITERACY FOR ENGLISH LANGUAGE LEARNERS 
 
Figure 39 

Use of Venn Diagrams to Support Comparative Writing in Science  

 

 

It is, however, important to be cautiously aware that co-teaching is not a panacea for 

all the challenges facing teachers of ELLs in science classes. Co-teaching will be discussed 

more in the next chapter, along with an extensive discussion of the main findings of this 

research.  
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Chapter 5:  Discussion 

This chapter is a discussion of the research findings supported by evidence-based 

literature and empirical studies. The discussions of these findings are congruent with the 

research questions. The literature review, classroom observations, interviews with all ten 

teacher-participants, and the data analysis, support the use of multimodality for ELLs in 

science. This chapter will also address the need for specialized professional development and 

collaboration between the science and ELL/ELD teachers. Fully cognizant of its affordances 

and its limitations, it will conclude by addressing the potentials of co-teaching between the 

science and the ELL/ELD teacher.   

All ten teacher participants, as well as several researchers in favor of promoting a 

culturally responsive pedagogy (Lee, 2004, 2005; Lee & Avalos, 2002; Settlage & Southerland, 

2012) agree that to truly meet the needs of ELLs, there needs to be a shift in mindset towards 

linguistically and culturally diverse students. In-service teachers should become cognizant of 

the changing landscape of today’s classrooms, and embrace the idea that to meet the linguistic 

and cultural needs of all students, an open and positive mindset towards ELLs, accompanied 

by appropriate teaching strategies and instructional resources, is now required.  

Greater awareness of ELL linguistic and cultural needs also implies abandoning the 

“deficit views” of ELLs (Cummins, 2000), especially regarding limited ELL proficient 

students. It has been stated that some teachers are in fact disinclined to teach beginner ELLs 

because they feel that they are unequipped or lack the proper training to do so (Reeves, 2006). 

To compound these problems even further, some content-teachers have difficulty with 

scaffolding and/or are resistant to changing their teaching practices (Munro et al., 2013).   
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Overall, most teachers seem to be open to providing ELLs with “extra time” to complete 

their work, however, modifying their material or reducing their workload is not always 

favorably regarded (Reeves, 2006). Whereas other teachers, tend to lower their expectations 

for ELLs or avoid calling on them in class because they do not want to embarrass them in front 

of their peers (Olson et al., 2009).  

Given the large spectrum (i.e., diversity) amongst ELLs, depending on their level of 

English proficiency, educational and cultural backgrounds, their life-stories, etc. (Estrella et al., 

2018), it is impossible to select a single pedagogical approach that works “best” for all ELLs 

in science. This provides a case to advocate for a holistic approach to teaching science to ELLs; 

one that embeds all seven modalities of teaching: reading, writing, speaking, listening, doing, 

interpreting, and representing, with or without the use of technology.  

 
Multimodality: An Effective Way to Teach ELLs in Science   
 

Multimodality is not a new concept in the field of education. It has been in existence 

since 1996 (Jewitt, 2008). Siegel (2012) defines multimodality as “the social practice of making 

meaning by combining multiple semiotic resources” (p. 671). This includes visual, auditory, 

gestural, and kinaesthetic modalities, among others. After extensive research on ELLs in 

science, Early et al. (2015) state that the most effective way to teach ELLs science is via 

multimodality. Multimodal pedagogy provides diverse ways of teaching that go beyond text 

alone and create understanding in science (Ajayi, 2009).  

During  the second interview, the participating teachers were asked to prioritize what 

they thought were the “top-three” modalities (out of the seven) for teaching science to ELLs 

(see Appendix H). The ELL science-support teachers (Amelie, Clara) mentioned that all seven 

modalities of reading, writing, speaking, listening, doing, interpreting, and representing, with 
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or without the use of technology, were equally important for ELLs to access science. They 

maintained that a combination of these modalities was necessary to make science accessible to 

ELLs. Amelie stated, “There is not one thing that will do it; visuals, manipulatives, gestures, 

sentence frames, models etc. are all equally important for ELLs”. Clara further argued that in 

addition to these seven modalities, the two key factors of “socialization” and “interaction” were 

missing but ought to be included as a strategic constituent of any robust teaching pedagogy. 

ELLs need to be encouraged to engage in all these modalities, both actively and socially, in 

order to create meaning in science. These ideas are based in a philosophy of learning supported 

by social constructivism. 

Dong (2002) also stresses the importance of language in science. Dong states that by 

talking, reading, writing, thinking, and socially engaging in meaningful contexts of science, 

students can gain a better understanding of science. Additionally, Weinburgh et al. (2014), 

also remind us of the importance of engaging in science practices which include active 

discourse surrounding science phenomena.  

In Table 8, it can be observed that the “top three” modalities for teaching science to 

ELLs included: speaking, doing and representing, with or without the use of technology. It is 

important to note that seven out of eight of the science teachers (Adam, Adele, Aisha, Anna, 

Brooke, Daisy, Eva)  mentioned that they would like to do more reading in their science 

classes, but given the sheer volume of science content in their secondary school curricula, 

they were unable to dedicate more time to reading, especially the reading of different genres 

of science texts such as journals, fiction, graphic novels, trade books etc. This resonates and 

confirms the research of Rivard et al. (2012) who state that very little reading is conducted in 

secondary school content courses. The reasons for this are many: (i) time constraints; (ii) 
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curricular pressures; (iii) the view that reading is not part of the domain of science; as well as 

(iv) a feeling of inadequacy to effectively embed literacy within science.  

 Similarly, with regards to writing, as mentioned in Chapter 4, the science teachers 

stated that writing tasks were limited to note-taking, lab write-ups, and assessments. Once 

again, given the time-constraints, especially in high school, there was little time to engage in 

the writing of different genres of science such as narratives, journals, reflections, research 

papers, scripts etc.  

 

Table 8 

Most Commonly Used Teaching Modalities for ELLs in Science 

Modality Teachers Total  

1. Reading  Anna, Frank, Amelie, Clara 2 

2. Writing Eva, Frank, Amelie, Clara 2 

3. Speaking Adam, Adele, Anna, Brooke, Daisy, Eva, Amelie, Clara 6 

4. Listening Adam, Brooke, Amelie, Clara 2 

5. Doing Adele, Aisha, Brooke, Daisy, Frank, Amelie, Clara 5 

6. Interpreting Aisha, Anna, Eva, Amelie, Clara 3 

7. Representing Adam, Adele, Aisha, Daisy, Amelie, Clara 4 

 
Note. Amelie and Clara were the ELL support-science teachers and mentioned that all seven 
modalities were important for ELLs.  
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As evident from the findings gained, the interlacing of science discourse (talking), 

hands-on activities (doing or science inquiry) and multimodal representations (representing) 

were viewed as the most effective ways to teach science to ELLs. I posit that a combination 

of all seven modalities is, by far, the most effective way to make science accessible to ELLs. 

The current reality is that there are not enough ELL/ELD teachers for all “push-in” 

science courses, especially at the secondary school level (Reeves, 2006). In addition, it is 

unrealistic to expect ELL/ELD teachers to know all the science curricula covered at each 

grade level. Hence, an important consideration for the future is to recognize the need for 

specialized PD aimed at helping content teachers to meet the needs of ELLs in science, and to 

make such training accessible at the secondary school level.  

  

Specialised Professional Development in Science 
 

All ten teachers supported the importance of specialized PD to meet the needs of 

ELLs in science. Batt (2008) states that “…all educators need the requisite knowledge and 

skills to effectively educate linguistic minority students” (p. 42). Unfortunately, to date, there 

still seems to be a notorious unbalance in expertise to teach ELLs.  

If novice teachers are to learn to effectively teach science to diverse learners, there 

must be coherence between their own learning experiences of science content, the 

pedagogy taught and modelled in science teacher education methods courses, and the 

models they observe in their field placements (Stoddart et al., 2010, p. 174).  

Content teachers have openly expressed their lack of confidence and training in 

teaching of ELLs, especially those with limited English proficiency levels (Reeves, 2006). 

While several researchers have also addressed the disappointing history of stand-alone PD 

courses occuring in the form of single-session workshops or in-service courses. They argue 
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that the effects of these courses have been rather poor (Batt, 2008; Penner-Williams et al., 

2017; Reeves, 2006). “As the linguistic minority population increases, teacher education must 

give higher priority to include coursework in diversity issues and ESL methods for all 

teachers” (Batt, 2008, p. 41).  

The diversity and cultural richness that ELLs bring to today’s classrooms are 

extraordinary. However, there needs to be a structure and administrative commitment to 

supporting, inclusively, the education of ELLs within schools. Adam, Adele, Aisha, Amelie, 

and Anna from School A, had experienced six years of annual professional development with 

a visiting educational consultant on ways to teach ELLs in content areas and were very positive 

about the training they had received. They articulated the importance of having specialized PD 

for ELLs and acknowledged that this type of in-service training was critical to their work in an 

international school context.  

Examples of commendable PD courses mentioned by the participating teachers 

included:  EAL in the Mainstream, a certificate course offered by Dr. Virginia Rojas; 

Unlocking the World (a programme of the Department of Education and Child Services, 

South Australia); and an educational consultant, Beth Skelton (bethskelton.com). Of course, 

this list could go on exhaustively; these few merely represent those mentioned by the teachers 

involved in this study. 

Having perused many interventions and PD programmes for ELLs in science during 

this research (August et al., 2014; Hart & Lee, 2003; Lee et al., 2004; Lucas & Villegas, 

2013; Weinburgh et al., 2014 and others), it is my belief that PD can no longer take the form 

of a band-aid approach. It needs to be designed and implemented systemically for both pre-

service and in-service teachers. Even at the university level, in the Bachelor of Education 
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programmes, modifications for ELLs continue to remain contingent on the professors’ 

openness and willingness to include them. Overall, this approach remains rather ad hoc. For 

example, in a study of 43 Bachelor of Education programmes in the United States, only 10% 

offered ELL courses (Li et al., 2017). At the university level, especially within the Bachelor 

of Education programmes, training faculty on the full SIOP Model, may be advantageous 

(Batt, 2008). Some universities are using online modules and/or online courses to remedy this 

situation, although a more systemic approach is necessary, if the goal is to reach all teacher-

preparatory programmes. “When faculty members have more knowledge and expertise in EL 

education, they are more likely to include language-related issues in their course content” (Li 

et al., 2017, p. 17).  

 

Promoting Collaboration Between the Science and ELL/ELD Teacher  
 

Lee and Avalos (2002), Carrier (2005), Fu et al. (2007) and others remind us of the 

importance for science and ELL/ELD teachers to work together.  In order to support ELLs’ 

learning, those in leadership roles such as school principals, vice-principals, Heads of 

Department etc., need to prioritize and show a concrete commitment to inclusion, equity in 

education, as well as to establish a robust support-structure which endorses inclusiveness in 

the sciences. Oftentimes, the leadership in private international schools receives direct 

instructions from their governing boards regarding their programmes. ELL/ELD support is 

usually mandated in their mission statement or language policy (if they have one). Whichever 

is the case, if the school leadership places low priority on ways to strengthen the ELL/ELD 

Department and/or its support to content teachers, then language support exists in the form of 

“lip service” only (Fu et al., 2007).  Whereas, in those schools that demonstrate a high 
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priority for ELL support, the level of ELL engagement in content classes is a testimony of 

this. School F is an example of this commitment.   

One of the biggest constraints observed in the classrooms of content teachers is the 

reduced ratio of specialized ELL/ELD teachers to ELL students (Reeves, 2006). ELL/ELD 

teachers are usually busy teaching their own students in “pull out” classes, and given the 

sheer number of content classes in need of assistance, they are left unable to provide “push-

in” (in-class) support for all content classes. They are already spread too thin (Fu et al., 

2007). Therefore, the time remaining to meet and/or plan effectively for ELLs in science is 

very limited. This leaves science teachers, as well as other non-language arts content teachers, 

who may have limited expertise with language acquisition and scaffolding strategies, at a 

disadvantage. In spite of the practical challenges involved to successfully do so, if there is a 

true commitment to support ELLs, time for science teachers to collaborate with the ELL/ELD 

teacher needs to be factored into the teachers’ daily schedules (Meskill & Oliveira, 2019). 

This may also require the hiring of additional ELL/ELD specialists.  

Collaboration between content and ELL/ELD specialists and the development of 

Professional Learning Communities (PLCs) can indeed be a dynamic form of professional 

development for working with culturally and linguistically diverse students. Penner-Williams 

et al. (2017) conducted a study on PLCs focussed on the endorsement of ELLs in content 

areas using the CLASSIC© model (a copyrighted acronym for Critically reflective, Lifelong 

Advocacy for Second language learners, Site-specific Innovation, and Cross-cultural 

competence). The study included 41 educators in six school districts and focussed on five 

standards of effective pedagogy for ELLs. These included: (i) joint productive activity; (ii) 

language and literacy development; (iii) contextualization; (iv) challenging activities; and (v) 
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instructional conversations. The outcomes of this research, one of the few studies conducted 

on PLCs for ELLs, showed “that teachers perceived their PLC as the most relevant program 

component in learning how to work more effectively with ELs in their classrooms and a vital 

contributor to their teacher effectiveness” (Penner-Williams et al., 2017, p. 225). The 

conversations, reflective dialogues, and Try It Outs, aimed at teacher implementation of new 

strategies, not only affected teachers’ perspectives towards the teaching of ELLs, but most 

importantly, resulted in the direct transfer of learning into their daily practice.  

PLCs provide opportunities to promote collaboration amongst “like-minded” teachers 

who are interested in culturally and linguistically diverse learners, promoting dialogical and 

reflective conversations in situ, and above all, for transferring and improving teacher practice 

in context. Another form of teacher collaboration which has gained a great deal of attention as 

of late, is co-teaching. 

 

Co-teaching: What Is it? Its Affordances and Limitations 

Co-teaching between the science and ELL/ELD teacher essentially means that the 

content teacher teaches science by integrating both learning and linguistic objectives (LLO) 

which have been co-planned in unison with the ELL/ELD specialist. Moje (2015) reminds us 

of the importance of planning time as an imperative if teachers are to meet the literacy needs 

of students in content areas. 

The benefit of this approach is that it embeds both science content and the linguistic 

needs of diverse learners in science curriculum planning. Its practical implementation in the 

classroom may occur using different models, but whichever model is used, several 

affordances can be gained for both the students and the teachers. Co-teaching may occur in 

six ways. Friend et al. (2010) summarized these as follows.  
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1. One Teaching, One Observing: One teacher directly instructs students in the class, 

while the other teacher observes students and jots down notes or evidence of learning. This 

role is interchangeable between the science and ELL/ELD teacher. Both teachers share equal 

roles in the class, no matter whether they are instructing or not. 

2. One Teaching, One Assisting: One teacher directly instructs students, while the 

other assists individual students, as needed. These may be mainstream, ELL, and/or students 

with exceptionalities. In this model, all students are benefitting equally from the extra support 

provided by one of the teachers. 

3. Parallel Teaching: The class is divided into two groups and each teacher teaches 

the same information at the same time. The pace of the group may however differ, allowing 

one of the teachers the opportunity to possibly scaffold language, rephrase concepts, use 

repetition or paraphrasing etc. Purposeful grouping can also be used here.  

4. Station Teaching: Each teacher teaches a specific part of the content to different 

groups as the students rotate between the two teachers. This exposes students to different 

teaching styles and has the added benefit of smaller groups versus a large classroom setting.  

5. Alternative Teaching: One teacher teaches “most” of the students, and the other 

teacher teaches a small group, based on need. This provides an in-class opportunity for extra 

support in science content for linguistic support and/or other reasons, as needed. During 

alternative teaching, depending on the group of students, one teacher can explain the same 

concepts in greater depth, or can alternatively, use this model as an opportunity for 

enrichment and/or extension purposes.   
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6. Team Teaching: Both teachers are directly instructing students at the same time. 

This is sometimes called “tag team teaching” (Friend et al., 2010). Team-teaching usually 

requires effective planning and/or extensive experience with co-teaching. 

These six models (see Figure 40) are versatile and can be alternated with effective 

planning or gained experience. The benefits of having two teachers in a class are remarkable, 

especially in cases of large class sizes. In addition, it provides new opportunities to scaffold 

for culturally and linguistically diverse students.  

 

Figure 40   

Six Models of Co-teaching 

 

Adapted from https://buildingmathematicians.wordpress.com/2017/09/28/co-teaching-in-
math-class/ 

https://buildingmathematicians.wordpress.com/2017/09/28/co-teaching-in-math-class/
https://buildingmathematicians.wordpress.com/2017/09/28/co-teaching-in-math-class/
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Co-teaching allows for the science and ELL/ELD teacher to interact with one another 

and to give more individualized attention to all students. However, it does not always mean 

that both teachers need to teach a class. On the contrary, WIDA informs us of the importance 

of co-planning, co-assessing, and co-reflecting in this professional relationship - all 

components or phases which are equally important. Co-teaching merges two areas of 

expertise: science and second language acquisition. The language specialist can assist in 

scaffolding the science content with visuals, sentence starters and frames, graphic organizers, 

support texts, technology supports, etc. However, caution should be taken in disseminating 

these modified resources, so as not to embarrass and/or perpetuate the deficit views of ELLs 

in a classroom setting (Manavathu & Zhou, 2012). The affordances of appropriately modified 

ELL material in science are great, as these not only assist ELLs, but in the end, benefit all 

students in the class. Of final consideration, is the importance and value found when co-

teachers have opportunities for dialogue and reflection together (Kohler- Evans, 2006; 

Mcclure & Cahnmann-Taylor, 2010).  

Co-teaching, with all of its benefits, can be complicated to execute. Co-teaching is 

often imposed from the top-down without any provisions in the schedule to plan and/or 

scaffold for ELLs (Mcclure & Cahnmann-Taylor, 2010). It can be extremely frustrating and 

involves functional and logistical issues such as scheduling, meeting time to co-plan, co-

assess, and co-reflect, while navigating power and status relationships among teachers 

(Rabin, 2020), mediating personality issues between the co-teachers, as well as reconciling 

differing teaching epistemologies and pedagogies (Arkoudis, 2003; Mcclure & Cahnmann-

Taylor, 2010). With these concerns in mind, co-teaching works best when it is voluntary 

versus mandated by school administrators.  
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There are tangible limitations to co-teaching which need to be addressed. These may 

be attributed to: (i) financial constraints; (ii) inaccurate attitudes or perceptions; (iii) 

administrative problems; and/or (iv) human-resource limitations (see Figure 41). Each of 

these constraints will be addressed individually. 

 

Figure 41 

Limitations of Co-teaching 

 

 

 

 

 

 

 

 

 

(i.) Financial constraints 

Financially, it is expensive to pay two practitioners to teach a class instead of the 

traditional, one-teacher-per-class modus operandi. Given today’s budgetary constraints, this 

is problematic. What is key however, is to view the long-term educational gains of co-

teaching, especially for students with linguistic, cultural, and/or cognitive needs. Analogically 

speaking, the investment required for co-teaching can be likened to that of investing in an 

electric car for the purpose of abating climate change. The initial costs of buying an electric 
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car are significant, however, the long-term gains of avoiding petrol costs and achieving 

reduced carbon gas emissions are great. It is important to note that, when evaluating co-

teaching, educational policymakers need to shift their focus from a micro- to a macro- view 

of its long-term gains in science literacy development for all students. 

 

(ii.) Inaccurate attitudes or perceptions 

 Also, important to consider, is the necessity of changing the traditional attitudes and 

perceptions of the science teacher as “the indispensable provider of knowledge” to a more 

collaborative view which recognizes the importance of partnerships in education. This needs 

to be celebrated as an “additive approach” for the benefit of all involved — co-teachers and 

students. In fact, students are not the only ones gaining more support in the science 

classroom; the teachers are also benefitting from each other’s collaboration, support, and 

expertise. Co-teaching should not be viewed as an attack on one’s personal autonomy, but 

rather as a celebration of collaboration and professional partnership. 

 

(iii.) Administrative problems 

Administrative structures, as currently organized, can often be problematic in 

establishing the collaborative relationships necessary for the effective implementation of co-

teaching. School schedules need to be adjusted in order for collaboration and co-teaching to 

occur successfully between the content and ELL/ELD teachers. Jurkowski and Miller (2018) 

discuss at length the difficulties of multi-professional cooperation given today’s school 

schedules. The days of planning in the staff room, of planning five minutes before class, or in 

the corridor, need to change. If there is a genuine commitment from school leadership for co-

teaching to exist, sufficient resources and complementary schedules need to be established. 
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Collaborative time needs to be perceived as a valuable investment in co-planning, co-

teaching, co-assessing and/or co-reflecting. 

 

(iv.) Human resource limitations 

Finally, there needs to be an investment in human resources. This means hiring 

enough staff, especially ELL/ELD teachers, to serve as co-teachers. Additionally, it involves 

a commitment to long-term and specialized PD for both in-service and pre-service teachers as 

well as increased budgets to pay for co-teaching. Mentoring or coaching programmes also 

need to be in place to support teachers throughout the co-teaching process.  

Co-teaching is not always an easy partnership. Some of the most common difficulties 

of co-teaching include interpersonal or gender differences; diverse personality and/or 

communication styles; conflicting teaching styles; lack of time to co-plan, which often leads 

to frustration; as well as the need for professional development (Conderman, 2011; Mcclure 

& Cahnmann-Taylor, 2010). Like any marriage or partnership, co-teaching requires hard 

work, conflict resolution, and sometimes the need for mediation. This mediation can be 

provided internally via mentors or qualified administrators, or alternatively, be outsourced 

externally. It is argued that collaboration and teamwork are the key skills and requisites 

needed for any employment in the 21st century, but what does the future of science education 

for today’s classrooms really look like? The concluding chapter (Chapter 6), will seek to 

address this. 
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Chapter 6:  Conclusion 

 
This final chapter will provide some concluding remarks and recommendations on 

how to effectively meet the needs of ELLs in the science classroom and the implications of 

this research for future practice. It is hoped that this dissertation has shined a spotlight on an 

area of education which needs to be both highlighted and corrected. The multicultural context 

of our schools, paired with the constraints that both institutions and teachers face, has created 

a “gap” in education which needs to be lovingly repaired. This dissertation has intended to 

provide some practical tools for teachers, as well as some recommendations for why such an 

undertaking is necessary. 

 

Concluding Remarks  

The existing literature on science literacy shows that despite the main  science 

educational reforms in Canada (Common Framework for Science Learning Outcomes; Council 

of Ministers of Education, Canada [CMEC] 1997), the United States (Science for All 

Americans; Project 2061; American Association for the Advancement of Science [AAAS] 

1990, 1994; National Science Education Standards [NSES], NRC 1996), New Generation 

Science Standards [NGSS], (2013, 2017), other educational science reforms in Australia, New 

Zealand, the United Kingdom, and elsewhere in the world, problems still persist with the 

current methods of teaching science. Especially within the European contexts, there is still a 

focus on memorization and recall of scientific facts and theories (Osborne, 2002; Vieria & 

Tenreiro-Vieira, 2016). In addition, there is somewhat of a disconnect between the science 

curricula and students’ everyday scientific interests and realities. Thirdly, a disparity persists 

between the teaching and learning results from the science classroom, literature, research, and 
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science programmes. Teachers, researchers, scientists, and publishers should work together to 

ensure that classroom strategies as well as instructional resources meet the needs of “All” 

students in science (Fradd et al., 2001; Reid & Norris, 2016).  

Unfortunately to date, the current gap in science literacy continues to be larger for 

ELLs (Lucas & Villegas, 2013). To be truly equitable, the cultural and linguistic profiles of 

ELLs should be integrated in science education (Hart & Lee, 2003) because when instruction 

is congruent with students’ culture, experiences, skills, linguistic abilities, and student 

diversity, students are more likely to be engaged in science (Lee, 2003). Settlage and 

Southerland (2012) emphasize the importance of being culturally aware of students’ heritage 

in the science classroom. They state the importance of teachers “having knowledge about the 

cultures of the students and also making teaching decisions, so … practices are aligned with 

the learner’s culture” (p. 360). In addition, adequate scaffolding needs to be in place without 

compromising the integrity of the science content.  

The goals emerging from this research for the future of science education for English 

language learners approved by uOttawa, Office of Ethics and Integrity (see Appendix I), are 

comprehensive in sweep, but certainly worthy of the effort involved in achieving them. They 

imply that some changes are needed in science education, especially regarding ELLs. These 

include: (i) a shift in attitudes and perspectives towards ELLs; (ii) providing exposure to 

instructional resources which embed linguistic and diverse, culturally-sensitive 

methodologies; (iii) building and strengthening collaborative relationships between science 

and ELL/ELD teachers; (iv) the adoption of teaching strategies with a “holistic” focus on 

multimodality, complemented by the use of multiple representations; (v) shifting the 

traditional manner in which lesson-plans are conceived, designed, and implemented in the 
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science classroom; as well as (vi) introducing new modes of assessment, inclusive of 

modifications and an element of “choice” for ELLs (Meltzer & Hamann, 2005; Olson et al., 

2009; Osborne, 2002).  

Although this research within the context of six European private international schools 

may represent a small and rather exclusive “nugget” of knowledge in the field of science 

literacy development for ELLs, there are certainly some lessons to be gained. It seems fair to 

say that the findings attained from this research cannot easily be generalizable to the realities 

of teachers working in other private or public schools. On the other hand, the instructional 

practices and strategies used by these teachers, working in “more favorable” environments, 

can indeed be used as examples to open-up professional discourse in the field of science 

literacy development for ELLs. Specific strategies and resources might also be transferrable 

and/or attempted in science classrooms elsewhere.       

The findings gained from this research advocate that an all-inclusive combination of 

multimodalities is necessary to successfully teach science to ELLs. The use of all seven 

modalities of reading, writing, speaking, listening, doing, interpreting, and representing, with 

or without the use of technology, is critical to students’ understanding of science. Grapin 

(2019) states that modes are, in fact, not simple scaffolds or supports; they are semiotic tools 

which are integral components to the domain of science (p. 34). Teachers are therefore 

encouraged, on the basis of these research findings, to plan and/or co-plan each unit of 

science by using all seven modalities in order to ensure greater equity in science education for 

ELLs now, as well as for those in future generations. 

Consider the multiple benefits for both teachers and students in taking the necessary 

steps to couple school-based and pedagogical changes in a school context. Imagine what 
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could be achieved by organizing schools to include team-teaching, expanding teachers’ skills 

portfolio through professional development, and adopting new perspectives, intentions, and 

practices of inclusion in science classrooms. These changes alone would be transformational, 

especially if they were adopted not only at the school level, but more so if they were 

implemented on a systemic (school board) basis.  

However, think, in addition, what could then be accomplished by also adopting the 

pedagogically significant classroom practices of sequential scaffolding of science concepts 

through the use of multimodality, multiple representations and social connections among 

learners, all highlighted in this research. The results would not only be fruitful for ELLs but 

for “All” learners. Any one of the changes recommended from this research may seem simple 

and familiar to most educators, but the employment of them in concert (i.e., together) will 

yield the most powerful results currently needed in the approach to science education for 

ELLs, both in middle and high school. 

 
Implications for Future Practice and Research 
 

After gleaning though all my findings, one of the interesting things I found was that 

there seemed to be somewhat of a disconnect between the “teachers’ conceptions” of what 

ELLs needed in order to develop their science literacy and the “teacher practices” that they 

used in their classrooms. Oftentimes, people may have an ideal in their mind, but their actions 

and/or behaviour may not necessarily follow suit. This leaves us with the following question: 

How do we reconcile what teachers conceive is “best” for SL development for ELLs versus 

their daily practice? Figure 42 clearly shows the dissonance between teacher conceptions and 

practice. This is a question which is certainly worthy of future research.  
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Figure 42 

Teacher Conceptions Versus Teacher Practices for ELLs in Science 

 

 

Another interesting question is related to the issue of teacher accountability. Why 

can’t teachers be held self-accountable for implementing a holistic approach for teaching 

science to ELLs. Is it necessary to “control” what teachers do with checklists and/or new 

protocols? Again, these are interesting questions which deserve further investigation in the 

future. 

The final message I would like to convey in this dissertation is the following. If there 

is a true commitment to work towards developing scientifically literate generations of 

successful science graduates from elementary through to secondary school levels, both for 

ELLs and non-ELLs alike, then the following conditions need to be in place: (i) adequate 

school administrative structures and resources for ELLs, inclusive of technology supports; (ii) 

long-term, specialized pre-service and in-service teacher professional development on how to 
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teach science to ELLs; (iii) time for collaboration between the science and ELL/ELD teachers 

in order to co-plan, co-teach, co-assess, and co-reflect; and most importantly; (iv) a holistic 

approach to multimodal teaching in science. Specifically, this means planning every unit of 

science by incorporating all seven modalities of teaching (i.e., reading, writing, speaking, 

listening, doing, interpreting, and representing, with or without the use of technology). In 

addition, complementing these modalities with the use of both teacher and student 

representations is also important because multiple representations give teachers greater 

insights into student understanding and/or lack thereof, allowing teachers to then modify their 

own use of representations in science (Berthold & Renkl, 2009).  

Considering these factors, a unit plan template has been designed and included with 

this study (see Figure 43) for use by science teachers working in today’s diverse classes. This 

template is highly multimodal, accesses all seven teaching modalities; is user-friendly; and 

embeds both science and literacy for students at different levels of English proficiency. It also 

directly promotes the development of scientific vocabulary in context. 

Astonishingly, one of the factors that none of the ten teacher-participants mentioned 

during this research, was the importance of teaching Latin and Greek prefixes and suffixes to 

ELLs in science (see Appendix J). This area of instruction is paramount to the development 

of scientific vocabulary. Between the years 1500-1650, it is estimated that nearly 12,000 

words from Latin and Greek entered the English language; of these, many filtered into the 

domain of science (Hadi-Tabassum & Reardon, 2017; Rivard et al., 2012). Researchers not 

only inform us of the need to teach Latin and Greek prefixes and suffixes, but they also 

remind us of the importance of cognates (a word having the same linguistic derivation as 

another word) in science (DeLuca, 2010; Fleenor & Beene, 2019).  
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One example of a cognate used in science is the word cell (English), cellula (Italian), 

célula (Spanish), cellule (French) and Zelle (German).  Although demonstrating this similar 

derivation of words between languages is often difficult to do in multilingual classes, it is 

very effective in bilingual classrooms or in classes where two main languages dominate (for 

example, English/Spanish or English/French). “While English may share very few cognates 

with a language like Chinese, 30-40% of all words in English have a related word in Spanish” 

(Colorín Colorado, 2018). 

This unit plan template which was designed to assist teachers in their practice of 

science, is a simple template which embeds both content and linguistic objectives, providing 

language supports, as well as a holistic multimodal approach to teaching science. In addition, 

it provides ELLs with a choice of different formative and summative assessments. The end of 

the unit plan also provides a quick and easy way for reflection or co-reflection. Whether this 

lesson-plan template is used “solo” or in partnership with the ELL/ELD teacher, it is a user-

friendly tool for co-planning, co-teaching, co-assessing, and/or co-reflecting. An exemplar of 

a unit plan on the Variety of Life: Cell Types, Structures, and Functions is provided in 

Appendix K. 

Figure 43 
 
Unit Plan Template for Science Teachers 
 

             UNIT PLAN TEMPLATE FOR SCIENCE TEACHERS               
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Language 
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Types of 
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Formative Assessment: 
 
 
 
 

Summative Assessment: 
 
 

Teacher 
Reflections 
 
 

The students were……………………………………………………………… 

Overall, I feel this unit went………...because…….…………………….…. 

Next year, I will……………………….……………….…………………….... 
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This research has been able to provide insight and knowledge on how some teachers 

in middle and secondary school (Grades 7-12) have successfully integrated science literacy 

for ELLs, as well as illustrate an array of constructive methods for supporting ELLs in 

science classes. The recommendations emerging from this research can increase teachers’ 

perceptions and awareness regarding the importance of science literacy for ELLs. It is hoped 

that this dissertation will be used as a pedagogical model and/or tool for future pre-service or 

in-service teachers in meeting the needs of ELLs in their science classrooms. 
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Appendix B 

Background, School, Student Context and Views of Science Teachers 

The following questions were addressed with the ten European science teachers (Grade 7-12). 

FIRST INTERVIEW PROTOCOL (1.5 hours per teacher) 

Past/Background Information:   
1. Tell me about your background: Your education (Bachelor’s degree, PGCE, Masters,

PhD) and years of experience as a science teacher.
2. Did you receive any other type(s) of professional development which has/have helped

you to become a better science teacher? If so, what kind?

School and Student Context: 

1. Describe the school where you work, your schedule, the daily demands requested of
you, and your peers.

2. Do you collaborate with any teacher in particular? If so, which one(s)? In what
capacity? What is the frequency of this collaboration? How does this collaboration
occur?

3. Describe your students: Who are they? What are their backgrounds?
4. How would you rate the level of linguistic diversity in your classroom? Low (0-25%

of your students) – Average (25-50% of your students) – High (50-80% of your
students) – Very High (80%-100% of your students)?

5. How would you rate the proficiency of English in your classroom? Low (0-25% of
your students) – Average (25-50% of your students) – High (50-80% of your
students) – Very High (80%-100% of your students)?

Teacher Views/Attitudes on: 

A. Science Literacy:

1. As there are many definitions of science literacy, I would like to propose Yore, Bisanz
and Hand’s (2003) definition. They define science literacy as:

abilities and habits-of-mind required to construct understandings of science, to 
apply these big ideas to realistic problems and issues involving science, technology, 
society and the environment, and to inform and persuade other people to take action 
based on these science ideas. (p. 690) 

How would you define it? Please justify your definition as clearly as you can. 
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2. How does science literacy play a role in your classroom? How do you integrate
science literacy in the classroom? Please focus on the ELLs in your classroom as you
answer this question.

B. English Language Learners (ELLs):

1. What is your perception of ELLs in your classroom?
2. How do you adapt your science curriculum in accordance with the cultural and

linguistic backgrounds of your students? If so, how? Please be specific.
3. What are the main difficulties/obstacles you face in your daily teaching of science

with regards to your ELLs? How do you deal with these challenges? Please be
specific.

4. Did you receive any training in teaching ELLs prior to teaching at this school?  If yes,
when and what type of training?

C. Effective practices for science with ELLs

1. In your opinion, what do you think is the most effective practice for teaching science
to ELLs?

2. Which specific strategies do you feel work “best”? Why?

Please fill-in the following template for our next interview (interview # 2) scheduled on 
____________________. You DO NOT need to choose ALL of the teaching modalities; rather 
select and describe the THREE you use most often. Please bring any instructional resources 
and/or student artefacts as supporting material. Note that the privacy of these artefacts is 
maintained at all times. Student names will never be used. 
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Appendix C 

Grid on Effective Practices for Teaching Science to ELLs 

SECOND INTERVIEW PROTOCOL (1.5 hours per teacher) 

TEACHING MODALITY 
AND GUIDING 
QUESTIONS: 

DESCRIPTION OF ACTIVITY 
AND/OR INSTRUCTIONAL 

RESOURCE: 
 (with a specific focus on adaptations 

made for ELLs) 

SUCCESSES GAINED: 
How is this/are these 

adaptation(s) effective for 
your ELLs? 

Reading 

What types of texts do you 
use to promote reading for 

ELLs in your classroom (i.e., 
textbooks, science journals, 
plays, song lyrics, fiction, 
non-fiction, trade books, 
newspaper articles, etc.?) 

How do you integrate this in 
your science class? 

Writing 

What genres of writing do 
you use with ELLs in your 
classroom (i.e., notetaking 
skills, expository writing, 

narratives, technical writing, 
poetry, script writing, etc.?) 

Speaking 

How do you encourage your 
ELLs to speak in the science 

classroom (i.e., debates, 
cooperative learning groups, 

pair-share, individual 
responses, etc.)? 

Listening 

How do you teach, encourage 
and monitor the listening 

skills of your ELLs in relation 
to you, their peers, and 
towards other adults?  
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Doing 

What kinds of hands-on 
activities do you conduct with 

your ELLs in the science 
classroom (i.e., experiments, 

making of models, 
prototypes, STEM activities 

etc.)? How do ELLs cope 
with these activities? 

Interpreting 

How do you enable your 
ELLs to make predictions, 

inferences, or draw 
conclusions from data or 

evidence?  
Representing and the Use of 

Technology 

How do you use technology 
to teach science to ELLs? 

How do you encourage your 
ELLs to organize data and/or 

information? How do they 
demonstrate their 

understanding to you and/or 
to their peers? 

Questions related to the grid above: 

1. Can you explain why you chose these three modalities? Please be specific.
2. Tell me of a story or personal experience featuring one of these modalities and why it

was successful in teaching your ELL student(s).
3. Which of these teaching modalities do you feel is the most effective for ELLs? Why?

Which one is the least effective? Why?
4. What kind of support(s), if any, would you need in order to better meet the needs of

your ELLs in the science classroom?
5. Can you think of a specific type or area of professional development that could help

you to improve your teaching of ELLs in the science classroom?
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Appendix D 

Reflections on Teaching/Instructional Strategies for ELLs in Science 

THIRD INTERVIEW PROTOCOL (1.5 hours per teacher) 

1. What have you learned about your ELLs during your teaching of science?

2. What specifically has supported, helped or guided you in your teaching/instructional
approaches? [These could include: prior training, collaborating with teachers and/or
support staff, interdisciplinary work, professional development inside or outside the
school, administrative support, district support, resource books etc.].

3. Describe the above-mentioned source(s) of support– how has/have they influenced
your teaching and informed what you do in the classroom?

4. How have you learned from your practice?

5. As a teacher, how do you evaluate the impact of the above-mentioned approaches in
terms of how they support the learning of your ELLs?

6. Any other comments?
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Appendix E 

Data Analysis Grids for the Research Questions 

Research Question 1:  What are teachers’ perceptions and beliefs regarding science literacy 
for English Language Learners (ELLs) in the classroom? 

Themes: Teacher Perspectives and 
Beliefs About ELLs 

 in Science: 

Teachers: 

Hardworking 
and 
Motivated 

- Brave; extra work.

- The majority of ELLs do try.

- Can feel part of the
community if given
the required support.

- ELLs are the most hard-
working; most humble; most
quiet; “sweetest” in room.

- Simply need encouragement
to communicate.

- May “mask” what they don’t
understand.

- Need extra time to complete
tasks

All teachers 

All teachers 

Adele, Aisha, Amelie, Anna, Brooke, Clara, 
Daisy, Eva, Frank, 

All teachers 

All teachers 

Amelie, Clara 

All teachers 

Benefit from 
Multimodality 
and 
Scaffolding 

- Use of gestures and verbal
cues

- Combine multimodalities

- Supporting
images/visuals/realia/ texts
and drawings

- Color-coding

Adele, Aisha, Amelie, Anna, Clara, Daisy, 
Eva 

Aisha, Amelie, Anna, Clara, Daisy, Eva, 
Frank  

All teachers 

Amelie, Brooke 
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- Need modified assessments
for language; not content.

Aisha, Amelie, Brooke, Clara, Daisy, Eva, 
Frank 

Encouraged 
to Use Native 
Language 

- Provide access to native
language; transfer language
into English.

Adele, Brooke, Clara, Eva 

Need Explicit 
Language 
Instruction 

- ELLs interested in language
do better. Those who invest
time in languages
acquisition, do better in
science.

- Teachers must teach
language to ELLs.

- ELLs should be encouraged
to use the “Writing Club” or
ELL Support provided
during lunch break as
support.

- Learning Chemistry is like
learning a new language.

- Teach prioritization and
summarizing skills to ELLs.

- Go over wording on IB
science exams.

- Need consistency, repetition
paraphrasing and rephrasing.

- Focus on the
language/discourse of
science.

- Practice science writing.

- Incorporate more reading in
science.

Anna 

Aisha, Amelie, Brooke, Clara, Daisy, Eva, 
Frank  

Aisha, Adam, Adele, Amelie, Anna, Brooke 

Eva 

Aisha, Amelie, Brooke, Clara, Daisy, Eva 

Aisha, Anna, Eva 

Adele, Adam, Aisha, Amelie, Brooke, Clara, 
Daisy, Eva, Frank 

Clara 

Aisha, Amelie, Clara, Daisy 

All teachers 
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Research Question 2: What teaching strategies and/or instructional resources do 
teacher-participants use to teach science to ELLs?  

a) What teaching modalities (i.e., reading, writing, speaking, listening, doing,
interpreting, and representing, with or without the use of technology) and/or
instructional resources do they use?
b) How and why do they use these modalities to meet the needs of ELLs?

Teaching 
Modality: 

Teaching Strategies, Tools and Resources: Teacher(s): 

Reading Levelled reading for ELLs 
- Newsela.com

- Britannica online

- Newsademic

- Special science textbook for ELLs (modified
explicitly for language)

- ReadWorks.org = has audio versions, translations
in seven languages

Daisy, Frank 

Amelie, Brooke, Clara, 
Daisy, Eva, Frank  

Clara, Daisy 

Amelie, Clara, Daisy, 
Frank 

Clara, Eva 

Other types of reading 
- Peer reviewed journals

- Textbooks

- Newspapers online (NY Times)

- Science magazines (Scientific American,
National Geographic)

Anna, Adam, Adele, 
Aisha, Daisy, Eva  

Adam, Adele, Aisha, 
Anna, Clara 

Adele, Anna  

Adele, Aisha, Anna 
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- Non-fiction (Ishmael by Daniel Quinn and Silent
Spring by Rachel Carson)

- Websites (Ex. Sustainable Human, Nature is
Speaking, Khan Academy, BBC Bitesize etc.)

- Glossaries from different books

Adam, Adele, Clara 

Adele, Aisha, Anna, Clara 

Adele, Clara 

Vocabulary development strategies 
- Provide ELLs with printed script of the YouTube

clip after showing the video. They can highlight 
all the words they have not understood. 

- Make a glossary or using a visual glossary

- Working word wall with definitions of key terms

- Quizlet to build vocabulary or Quizlet Live for a
competitive and fun element.

- Science BINGO with “key words”

Anna, Eva 

Adam, Adele, Aisha, 
Amelie, Anna, Brooke, 
Clara, Daisy  

Aisha, Amelie, Clara 

Brooke, Daisy 

Brooke, Clara, Daisy 

Writing Class notes and lab reports All teachers 

Sentence and grammar frames Aisha, Amelie, Brooke, 
Clara, Daisy, Eva, Frank 

Use of templates or exemplars Aisha, Brooke, Clara, 
Daisy, Eva, Frank 

Visual-to-text supports (PowerPoints with notes) 
- Teacher provides students with class notes

(on PowerPoints) and leaves space on the
right side for them to take their own notes
and/or to translate them into their mother
tongue.

Research outlines and essays 

Adele, Aisha, Anna, 
Brooke, Clara, Frank 

Clara 



193 
SCIENCE LITERACY FOR ENGLISH LANGUAGE LEARNERS 

Speaking Ways to engage ELLs to speak in the science class 
- White boards

- Use of chips (tokens)

- Video or audio recordings to avoid having to
speak out loud in front of the class.

- Movement: Have students move to different
parts of the room to talk in small groups.

- Oral presentations

- Think-pair-share

- Questioning (students ask questions of each
other)

- Teacher questioning

- Argumentation/debate

- Role play

Daisy, Eva, Frank 

Daisy 

Clara, Daisy  

Aisha, Clara 

Adele, Aisha, Adam, Anna, 
Brooke, Clara, Daisy 

All teachers  

Aisha, Clara, Frank 

All teachers 

Adele, Anna 

Clara 

Purposeful grouping 
- Clustering versus non-clustering of ELLs

- Mix of native and non-native speakers

Adele, Amelie, Clara, 
Daisy, Eva, Frank  

All teachers 

POGILs (Process-Oriented Guided Inquiry 
Learning).  

- This is a student-centered approach which
helps to develop content as well as
communication, critical thinking and
problems solving within a group of students.
Students are able to work at their own pace,
hence reducing the time pressure. This is one
way to scaffold labs for ELLs. Students work
in teams of 3 or 4 and have assigned roles
(such as a speaker, recorder etc.) which are
rotated for every new activity. It is a guided
form designed to develop “critical thinking.”

Brooke, Eva 
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Celebrating cultural and linguistic diversity in the 
classroom 
- Sustainability project: research and present an

environmental problem currently affecting your 
country (Eg. Slash-and-burn deforestation in 
Brazil; ocean pollution by cruise-liners in 
Portugal). 

- Making a food item from their own country
(“Making an Energy Bar”)

Adele, Clara, Daisy, Eva 

Daisy 

Listening Use of technology 
- Subtitles on YouTube

- Narrated PowerPoints: since these can be
repeated as reinforcement for ELLs.

- Ask questions at the end of a PowerPoint or
video. (Ex. Paul Hewitt (Hewitt Drew-It) in
Physics, asks a question at the end of his
videos in order to ensure that students are
listening.

- ComPADRE: Use of animations and videos
with transcripts and texts so that the ELLs can
be exposed to a combination of visual, audio
and texts.

Aisha, Anna, Clara, Daisy 

Adele, Anna 

Anna 

Anna 

Using “grouping” as a way to maximize listening 
skills 
- Summarize what you heard/understood by

sharing it with the person near you. 

- Use of exit cards

- Questioning

- Word Game: Students cross out the “key words”
when they hear the teacher use it.

- Break up information (chunking) and have the
students teach each other.

Aisha, Eva 

Aisha, Daisy  

Aisha, Clara, Frank 

Brooke 

Aisha, Amelie, Clara 

Dictogloss: an effective tool for promoting listening 
skills amongst ELLs.  

Clara, Daisy 
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Doing Science inquiry and experimentation (lab work) All teachers 

Flipped Classroom 
- A pedagogical approach which promotes student

engagement and active learning. It is student-
centered instead of teacher-centered and content 
is learned predominantly via videos or third 
parties (such as guest speakers etc.). 

Brooke, Eva 

Use of technology (Virtual labs, simulations and 
animations) 
- Virtual labs (Eg. Lactose enzyme)
- Simulations
- Animation
- Virtual dissections

All teachers 

Adam, Adele, Brooke 

Interpreting Use of technology 

- PhET (Physics Education Technology) but
PhET site now includes simulations about other
subjects besides Physics.

- Use databases (Eg. Engineering Toolbox)

- Use Excel to collect and work with data (make
graphs).

- Use of Vernier probes and data-loggers (such as
Logger Pro)

Adele, Aisha, 
Anna, Brooke 

Anna 

All teachers 

Adam, Adele, Aisha, 
Anna, Brooke, Daisy, Eva, 
Frank 

Predicting and making inferences 

- Summarize a graph in one sentence

All teachers 

Frank 

Use of metaphors and analogies Adam, Clara, Daisy 
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Representing 
(with or 

without the use 
of technology) 

Making of models, (Making mobiles, dioramas, 
protein-folding with paper, making models using 3-D 
printers). 

Using of Science Kits (DNA kits, molecular kits 
etc.). 

Drawing (Figures, cartoon strips, comics, posters, 
energy diagrams, drawing of seed germination etc.) 
Consider the effective use of whiteboards. 

Aisha, Brooke, Clara, 
Daisy, Eva, Frank 

Adam, Aisha, Anna,  
Brooke, Daisy, Eva, Frank 

Adele, Aisha, Amelie, 
Anna, Brooke, Clara, 
Daisy, Eva 

Gestures and role play (i.e., students in ESS assume 
acting roles as reporters to present an environmental 
problem; to portray functions of a “Cell” or the 
circulatory system; or to demonstrate the movement 
of particles). 

Adele, Aisha, Brooke, 
Clara 
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Research Question 3: What do science teachers need in order to effectively integrate science 
literacy for ELLs (e.g., structures, resources, administrative support, types of professional 
development, “other” needs etc.)? 

Themes: Teacher Comments: Teachers: 

Administrative 
Support and 
Scheduling of 
Collaborative Time 

- Administrative support and scheduling of collaboration.
- Co-teach with an ELL/ELD teacher.
- Collaboration with the ELL/ELD teacher.
- Collaborate with ESS colleagues at other schools.
- Collaborative time with science colleagues (Biology,

Chemistry, Physics and ESS) would be extremely useful.
- Collaborate with Math colleagues.
- Open door policy; peer coaching; greater collegiality.

All teachers 

Professional 
Development and 
the Need for 
Specialized Courses 
to Teach ELLs 

- Hands-on activities to promote speaking of ELLs.
- Take the ESL in the Mainstream course.
- Long-term PD; conferences; webinars.
- Access to specialized PD books on teachings ELLs.
- Targeted PD opportunities for science/ELLs.
- Learn specific strategies & tricks to teach ELLs.
- PD on tools for teaching Content-Based Learning (CBL).
- ELLs would benefit from a programme with a focus on

technical words for ELLs.
- Teacher resources about environmental issues for my ESS

class.
- Specific science training (Eg., Astrophysics/Cosmology).

Adele, Aisha 
Anna, Brooke 
Daisy, Eva, 
Frank 

Time - Time for making of differentiated resources.
- Have a period with an ELL/ELD teacher to make

material/resources.
- Our curriculum is already over-challenging for

mainstream students. This makes it especially challenging
for ELLs; more time is needed.

- Reflection time is important for teachers to improve their
practices with a focus on ELLs. We don’t have much of
this.

Adam, Aisha, 
Amelie, Brooke, 
Clara, Daisy 

Aisha, Brooke, 
Clara, Daisy, 
Eva, Frank 
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Appendix F 

Timeline of Field Work (January 6, 2020 to June 30, 2020) 

TIMELINE OF FIELDWORK Jan-20 Feb-20 Mar-20 Apr-20 May-20 Jun-20
Anna
Adam
Adele
Aisha
Amelie
Brooke
Clara
Daisy
Eva
Frank
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Appendix G 

Example of a POGIL in Chemistry 

PERIODIC TRENDS 
Can the properties of an element be predicted using a periodic table? 

Name: 

The periodic table is often considered to be the "best friend" of chemists and chemistry 
students alike. It includes information about atomic masses and element symbols, but it can 
also be used to make predictions about atomic size, electronegativity, ionization energies, 
bonding, solubility, and reactivity. In this activity you will look at a few periodic trends that 
can help you make those predictions. Like most trends, they are not perfect, but useful just 
the same. 

Use information shown on the interactive Periodic Table to answer the following questions. 
http://www.ptable.com/ 

Atomic Radius 

a. Write a complete sentence defining atomic radius. Note: You may not use the word
"radius" in your definition, but be sure to use terms like nucleus, electrons, and atom.

b. i. Look at the Interactive Periodic Table. In general, what happens to the value for
atomic radius as you go down a group on the Periodic Table?

Support your answer, using examples from two groups. 

ii. Using your knowledge of Coulombic attraction and the structure of the atom,
explain this trend in atomic radius. Hint: You should discuss either a change in
distance between the nucleus and outer shell of electrons or a change in the
number of protons in the nucleus.
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c. i. Look at the Interactive Periodic Table. In general, what happens to the value for 
atomic radius as you go across a period from left to right on the Periodic Table? 
Support your answer, using examples from three periods. 

ii. Using your knowledge of Coulombic attraction and the structure of the atom, 
explain this trend in atomic radius. 

d. For each pair of atoms listed below, circle the atom with the larger atomic radius. 
 i. Argon and Sodium ii. Fluorine and Bromine iii. Aluminum and Calcium 
 
 
First Ionization Energy 
 

The first ionization energy is the amount of energy needed (absorbed by an atom) to 
remove the first electron from an atom. 
a. Using your knowledge of Coulombic attraction, explain why ionization — removing 

an electron from an atom requires (absorbs) energy. 

b. Which takes more energy removing an electron from an atom where the nucleus has 
a tight hold on its electrons, or a weak hold on its electrons? Explain. 

c. i. Look at the Interactive Periodic Table. In general, what is the trend in ionization 
energy as you go down a group? Support your answer using examples from three 
groups. 

ii. Using your knowledge of Coulombic attraction and the structure of the atom, 
explain the trend in ionization energy that you identified above. 
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d. i. Look at the Interactive Periodic Table. In general, what is the trend in ionization
energy as you go across a period? Support your answer using examples from two
periods.

ii. Using your knowledge of Coulombic attraction and the structure of the atom,
explain the trend in ionization energy that you identified above.

e. Atoms with loosely held electrons are usually classified as metals. They will exhibit
high conductivity, ductility, and malleability because of their atomic structure. Would
you expect metals to have high ionization energies or low ionization energies?
Explain your answer in one to two complete sentences.

f. Circle the atom in each pair with the highest ionization energy.
i. Beryllium and Fluorine      ii. Oxygen and Selenium iii. Chlorine and Calcium

Electronegativity 

Electronegativity is a measure of the ability of an atom's nucleus to attract electrons 
from a different atom within a covalent bond. A higher electronegativity value 
correlates to a stronger pull on the electrons in a bond. This value is only theoretical. 
It cannot be directly measured in the lab. 

a. Using the definition stated above, select the best visual representation for
electronegativity. Explain your reasoning.
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Look at the Interactive Period Table information that represents electronegativity. 
b. i. What is the trend in electronegativity going down a group on the Periodic Table?

ii. Explain the existence of the trend described in part a in terms of atomic
structure and Coulombic attraction.

c. i. What is the trend in electronegativity going across a period on the Periodic Table?

ii. Explain the existence of the trend described in part c in terms of atomic
structure and Coulombic attraction.

d. Rank the following elements from smallest to largest electronegativity based on the
trends you have discovered thus far in the periodic table: barium (atomic number 56),
bromine (atomic number 35), and iron (atomic number 26). Explain your reasoning.

4. The two diagrams below can summarize each of the three trends discussed in this
activity. Write "atomic radius," "ionization energy," and "electronegativity" under the
appropriate diagram.
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Appendix H 
 

“Top-Three” Teaching Modalities for ELLs in Science 
 

Anna 
 

1. Reading 
2. Interpreting 
3. Speaking (asking questions) 
 

Frank 1. Doing 
2. Reading 
3. Writing 

 
 

Daisy 
1. Representing (with the use of technology) 
2. Doing 
3. Speaking 
 

Brooke 1. Doing 
2. Speaking 
3. Listening 
 

Adele 
 

1. Doing 
2. Representing (with the use of technology)  
3. Speaking (emphasizing certain words) 

 
 

Aisha 
 

1. Doing 
2. Interpreting 
3.  Representing with the use of technology 
 

Eva 
 

1. Speaking 
2. Writing 
3. Interpreting 
 

Adam 
 

1. Representing (with the use of technology) 
2. Speaking 
3. Listening 
 

Amelie 
 

All seven modalities (reading, writing, speaking, listening, doing, 
interpreting, and representing with or without the use of technology). 

 
Clara 

 
All seven modalities + socialization & interaction 
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Appendix I 

Ethics Approval Certificate 
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Appendix J 
 
 

Scientific Root Words, Prefixes, and Suffixes 

 
https://www.biologyjunction.com/scientific-root-words-prefixes-and-suffixes/ 

https://www.biologyjunction.com/scientific-root-words-prefixes-and-suffixes/
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Appendix K 

Sample of a Unit Plan on Plant and Animal Cells 

 UNIT PLAN TEMPLATE FOR SCIENCE TEACHERS 

Unit or 
Topic 

Variety of Life: Cell Types, Structures, and Functions 

Content 
Objectives 

• Summarize the structures and functions of the major parts of plant and
animal cells (cell wall, cell membrane, nucleus, nuclear membrane,
chloroplasts, chlorophyll, cytoplasm, mitochondria, and vacuoles).

• Recognize the relationship between the structure and function of cells
• Compare plant and animal cells
• Compare the structure and function of specialized cells
• Calculate cell magnification
• Learn how to make a wet mount

Language 
Objectives 

Shape: Oval, round, rectangular, amorphous (no specific shape). 
Size: Large, larger, largest; big, bigger, biggest; and small, smaller, smallest. 
Functions: Enters, exits, protects, stores, provides, controls, uses, and 
photosynthesize. 

Language 
Supports 

Key Vocabulary Roots 
(Prefixes and Suffixes) 

Sentence Frames 

- cells
- cell membrane
- cell wall
- chlorophyll
- chloroplasts
- cytoplasm
- mitochondrion

(singular)
- mitochondria

(plural)
- nuclear

membrane
- nucleus
- photosynthesis
- vacuole

cell – Latin "storeroom or 
chamber" 
cyto - Greek kutos "vessel" 
chloro - Greek khlōros “"green" 
khondrion - Greek "little 
granule" 
micro -Greek mikros "small" 
membrana - Latin "thin layer of 
skin or soft tissue of the body" 
mitos - Greek mitos "thread" 
kary - Greek karyon "nut or 
kernel"  
photo - Greek phōs, "light" 
synthesis - Greek "putting 
together" 
plasma - Greek "something 
molded or created" 

All living things 
are made of 
____________. 
The 
_______________ 
protects the cell. 
The ___________ 
is present only in 
plant cells; not in 
animal cells. 
__________ is the 
green fluid present 
in the chloroplasts. 
____________ use 
sunlight during the 
process of 
photosynthesis. 
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phyll - Greek phyllon "leaf" 
vacuus - Latin "empty" 

The ___________ 
keeps all cell parts 
together and gives 
cells their shape. 
The mitochondria 
provide 
__________ for the 
cell. 
The __________ 
protects the nucleus 
of a cell. 
The __________ is 
the “brain” of the 
cell. 
______________ is 
when plants use 
carbon dioxide, 
water and sunlight 
to make food. 
The __________ 
stores water and 
minerals. 

Teaching Modalities 

Reading 

- Students will read about plant and animal cells in their science textbook.
This will be assigned for homework.
- Students can read a website on plant and animal cells.

Writing 

- Students will write a paragraph on the differences between plant and
animal cells. They will also research and write five examples of specialized
cells.
- Write a narrative (story) about a plant and animal cell. Be creative!

Speaking 

- Students will split into pairs and discuss the differences between plant and
animal cells.
- Using flashcards, they will play a game on the differences between plant
and animal cells.

Listening 

- The students will see a YouTube titled Plant and Animal Cells.
https://www.generationgenius.com/videolessons/plant-and-animal-cells-
video-for-kids/ 
- Students will listen to a rap song on plant and animal cells. They will also
get a copy of the song’s text.
https://englishthroughmusic.bandcamp.com/track/cells-rap-animal-plant

https://www.thoughtco.com/anatomy-and-biology-of-tree-leaves-1343507
https://www.generationgenius.com/videolessons/plant-and-animal-cells-video-for-kids/
https://www.generationgenius.com/videolessons/plant-and-animal-cells-video-for-kids/
https://englishthroughmusic.bandcamp.com/track/cells-rap-animal-plant


208 
SCIENCE LITERACY FOR ENGLISH LANGUAGE LEARNERS 

Doing 
       (Science 
Inquiry) 

- Do a lab titled “Human Cheek and Onion Cells”. Students will make their
own wet mounts.
- Observe plant and animal cells using a microscope.

Interpreting 

- Draw the cell slides in science notebooks.
- Identify the difference shapes between plant and animal cells.
- Identify the relationship between cell shape and function.

Representing 
(with or 
without the 
use of 
technology) 

- Draw a Venn diagram to show the similarities, differences and
commonalities between plant and animal cells.
- Compare a cell to a factory (i.e., analogy activity)
- Make a 3-D model of a plant or an animal cell.

Types of 
Assessment 
(involving 
choice) 

Formative Assessment: 

- Homework assignment on differences
between plant and animal cells

- Venn diagram on plant and animal cells
- 3-D Model of a plant or an animal cell
- Cells Alive online activity and

calculation of cell magnification
- Narrative (story): plant and animal cells
- Drawings of cell slides
- Analogy activity (cells -vs- factory)
- Lab worksheet on “Human Cheek and

Onion Cells”

Summative Assessment: 

- Unit exam on Cells
(written).

AND 
- Option 1: Make a model

of an edible plant and
animal cell. Label it
clearly and orally present
its parts and main
functions to the class
(kinaesthetic and oral).

OR 
- Option 2: Make your own

song (any type) on plant
and animal cells. Make
sure your song contains its
parts and functions
(written and oral).

OR 
- Option 3: Write and act

out a play or skit on plant
and animal cells. Make
sure your skit contains its
parts and functions
(written, oral, gestures,
drama).
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Teacher 
Reflections 

The students were very engaged in this unit. They enjoyed the diversity of 
the tasks provided to them. 
Overall, I feel this unit went well because the students enjoyed the freedom 
and choice of assessments they were provided with. This unit embedded 
multimodality as well as multiple representations. 
Next year, I will need to explain the calculation of magnification in more 
detail. Students seemed to have difficulties with this. The Cells Alive online 
activity was insufficient. 


	Abstract
	Preface
	List of Figures
	List of Tables
	List of Abbreviations
	Acknowledgements
	Chapter 1: Literature Review
	The Need for Greater Science Literacy Integration in Education
	Embedding the Language and Content of Science
	Who are ELLs? Instructional Approaches to Support ELLs in the Science Classroom
	Cognitive Academic Language Learning Approach
	Content and Language Integrated Learning
	Sheltered Instruction Observation Protocol

	Current Challenges and Opportunities for Teaching Science to ELLs
	Teacher Perspectives and Views of ELLs in Science
	Collaboration Between Content and ELL/ELD Teachers
	Scaffolding for Linguistic Purposes
	Use of Multimodality and Multiple Representations to Teach Science to ELLs

	Teaching Modalities Used in Science
	Reading
	Writing
	Speaking and Listening
	Doing (Science Inquiry)
	Interpreting and Representing

	Teaching Science to ELLs: Modalities, Multimodalities or More?

	Chapter 2: Conceptual Framework and Research Questions
	Inspiration for My Conceptual Framework
	Epistemology and Its Relevance on Teaching Practices in Science
	Using a Holistic Model of Teaching Modalities in Science
	Research Questions
	Research Question One
	Research Question Two
	Research Question Three


	Chapter 3: Methodology
	Researcher’s Background, Epistemology, and Research Design
	Research Contexts
	Recruitment of the Participants
	Research Methods
	Data Collection
	Data Analysis
	Ensuring the Trustworthiness of My Data and Findings
	Ethical Considerations
	Limitations of the Study

	Chapter 4: Findings
	Teachers’ Perceptions and Beliefs Regarding Science Literacy for ELLs
	Teaching Modalities: Strategies and Resources Used for ELLs in Science
	Reading
	Writing
	Sentence and Grammar Frames. Writing up a science lab requires complex and
	Visual-to-Text Supports for ELLs. One alternative to traditional notetaking

	Speaking
	Listening
	Doing (Science Inquiry)
	Interpreting

	Needs of Science Teachers to Integrate Science Literacy for ELLs

	Chapter 5:  Discussion
	Multimodality: An Effective Way to Teach ELLs in Science
	Specialised Professional Development in Science
	Promoting Collaboration Between the Science and ELL/ELD Teacher
	Co-teaching: What Is it? Its Affordances and Limitations

	Chapter 6:  Conclusion
	Concluding Remarks
	Implications for Future Practice and Research

	REFERENCES
	APPENDICES
	Teacher Consent Form
	Background, School, Student Context and Views of Science Teachers
	Grid on Effective Practices for Teaching Science to ELLs
	Reflections on Teaching/Instructional Strategies for ELLs in Science
	Data Analysis Grids for the Research Questions
	Timeline of Field Work (January 6, 2020 to June 30, 2020)
	Example of a POGIL in Chemistry
	“Top-Three” Teaching Modalities for ELLs in Science
	Ethics Approval Certificate
	Scientific Root Words, Prefixes, and Suffixes
	Sample of a Unit Plan on Plant and Animal Cells




