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ABSTRACT 

This inquiry focused on the implementation of an instructional innovation with 

6th grade English language learners (ELLs) learning science through inquiry and 

discourse practices. The innovation consisted of using modeling and argumentation 

through Systemic Functional Linguistics – a functional approach. Findings suggest a 

promising model for using the functions of language to engage ELLs in the process of 

modeling. Argumentation is a part of the modeling process and occurs mostly within 

the evaluation stage and was analyzed as a discourse practice. The context for 

implementing this specific type of instruction consisted of a unit on matter specifically 

comprising of evidence of chemical changes in the formation of a precipitate, 

temperature change, color change, and the production of a gas in addition to testing 

the physical properties of minerals and differentiating between elements and 

compounds. Findings concluded from the study include students’ scientific 

explanations from more descriptive text types to more explanatory text types. This was 

aligned with students’ concept of a model from more illustrative purposes to 

causal/explanatory purposes. Findings revealed positive outcomes in their ability to 

engage in arguing from evidence to evaluate and critique their models and 

acknowledge the scope and limitations of their models. Implications suggest the 

necessity of differentiated model-based instruction and professional development in 

teacher content knowledge, pedagogical knowledge and pedagogical content 

knowledge for instructional practice that engages students in inquiry and discourse 

practices.  
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CHAPTER I 

INTRODUCTION 

Science education reform has shifted within the last decade to be more 

inclusive in promoting equity to a high quality education for all students. This includes 

equal opportunities to learn science for linguistic and culturally diverse students. With 

persistent gaps in the academic achievement of “non-dominant” groups such as 

English language learners (ELLs), as shown by state and national assessment data, the 

Common Core State Standards (CCSS) and the release of the Next Generation Science 

Standards (NGSS) are aligned to promote science literacy in all students in an effort to 

bridge the gaps in academic achievement. Researchers have also revealed how the role 

of language in learning discipline specific concepts places high demands on all 

students, and even greater ones on ELLs. Within the last decade, there has been a 

recent shift in science education research to explore the type of discourse that should 

occur within the science classroom to promote in-depth conceptual understanding of 

complex and challenging science concepts.  

This shift has important implications in teacher education relevant for this 

study including teachers’ pedagogical knowledge, second language pedagogy, and 

pedagogical content knowledge. Researchers argue that discourse influences teachers’ 

decision making and planning for engaging students in inquiry and discourse practices 

in order to create equal opportunities to learn for ELLs (Lee, Quinn, & Valdés, 2013; 

Lee & Fradd, 1998; Aguirre-Muñoz, 2014). Gee (1990) argues that to become 

competent users of classroom science discourse, student must adopt communicative 
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practices, such as evaluating claims and applying scientific principles. Teacher 

practice should then be centered around the use of language and content-specific 

strategies, such as concept sorts and semantic sorts, along with the creation of concept 

maps to interrelate science concepts, as a scaffold to create causal explanations for 

why natural phenomena occur. With science education reform focusing more on 

scientific and engineering practices as they occur in the real world, it is essential to 

explore what practices create opportunities for all students to engage in deep 

conceptual understanding and in authentic science discourse. Fang and Schleppegrell 

(2008) argue that such disciplinary specific language must be made explicit to increase 

students’ language awareness and to guide them through linguistically challenging 

tasks (In, Lee, Quinn & Valdes, 2013). Important also is the necessity to explore how 

ELLs engage in science talk as a result of differentiated instruction and use of content-

specific language strategies. Two of the performance expectations in the domain of 

scientific and engineering practices within the NGSS are the expectation for science 

students to construct models and create arguments from evidence through inquiry 

investigations (NGSS, Appendix F, 2013). Thus, instructional practice targeting model 

constructing and argumentation should be explored to examine how it impacts ELL 

outcomes in science discourse, content knowledge and academic achievement. 

Background to the Problem 

 Research targeting academic achievement in ELLs has also shifted from the 

use of general ESL strategies to content-specific language strategies. Past empirical 

research has focused on ELL student ability to produce output in the English target 
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language through structural approaches. This type of approach is based on teaching 

specific language elements such as vocabulary, pronunciation, and grammatical forms 

which over time are expected to lead to fluency, greater complexity and grammatical 

accuracy (Lee et al, 2013). This form-focused approach however, does not target the 

types of language essential in science learning, nor does it capture authentic science 

discourse. In science, language is the medium used to make and challenge claims, 

record data (Carlsen, 2007) and engage in inquiry investigations, leading to 

argumentation, explaining of natural phenomena, using models and collecting relevant 

and sufficient evidence in support of model use. Language teaching in science should 

focus more on the functional role of language to make sense and create meaning for 

aspects of reality to be communicated to others. Within the discipline of science as the 

specific context in which knowledge is constructed, this translates into using inquiry 

investigations in search of meaning through abstract representation by modeling 

aspects of real systems and natural phenomena. Research focused on language use and 

inquiry practices such as modeling and argumentation represents a shift that is new to 

science education research. Empirical studies are focusing more on exploring teacher 

practices that positively impact students’ ability to engage in inquiry and discourse 

practices. Teacher preparation and professional development research, in an effort to 

move away from more traditional instruction that utilizes structural approaches and 

where inquiry is not present in the classroom, is now more focused on the use of 

inquiry and discourse practices.  
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Despite reform efforts and research shifts from traditional classroom 

instruction towards more constructive and innovative ways of teaching to support 

language learning within the discipline of science, teachers are often confronted with 

pedagogical dilemmas involving the use of language in science discourse. One 

dilemma Windschitl (2002) addresses is the understanding of content. A teacher’s lack 

of content knowledge in certain fields within their discipline may control the direction 

of discourse in the classroom. Carlsen (2007) refers to this as controlling discourse. In 

traditional teaching for example, teachers’ authority is reflected and reinforced 

through teacher questioning (Carlsen 1991). When teachers are unfamiliar with 

specific subject matter, they may direct discourse by questioning in such a manner as 

to avoid unfamiliar topics. By controlling discourse teachers end up privileging facts 

rather than treating concepts in a dialogic and interactive manner (Carlsen, 1991; 

McLaughlin & Talbert, 1993). When concepts are treated as a static body of facts, 

opportunities for mainstream students and ELLs to engage in science talk become 

limited due to the controlled direction of discourse by the teacher. According to Wong 

Fillmore (1992), there are two conditions necessary to acquire a second language: (a) 

learners must have available to them speakers of the target language, and (b) the social 

setting must bring second language learners and target language speakers into frequent 

contact to make language learning possible. Teacher controlled discourse as described 

above, denies ELLs the two essential conditions for acquiring a second language as 

both target language speakers (non-ELLs) and ELLs are denied the opportunity to 

interact in a dialogic manner. 
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 In addition to not engaging in science talk, traditional teaching that is 

characteristic of rote memorization of facts, denies students the opportunities to 

engage in investigative inquiry practices in science and engineering. Such practices 

envisioned by the NGSS include asking questions, developing and using models, 

planning and carrying out investigations, analyzing and interpreting data, using 

mathematics and computational thinking, constructing explanations, engaging in 

argument from evidence, and obtaining, evaluating, and communicating information 

in science. In engineering these would include practices such as defining problems and 

designing solutions, which would require the integration of mathematics and science. 

If students are to engage in science discourse similar to how real scientists and 

engineers do, it is necessary for students to be provided with those opportunities 

through which they can become engaged in inquiry practices meaningfully and 

communicate in this manner. 

 The idea is for students to engage in inquiry practices and investigations in the 

same manner as in a real-world context. In order to do so, content must be meaningful 

to linguistically and culturally diverse students so they may also engage in inquiry 

practices within science. The language development of ELLs must be incorporated 

into teachers’ lessons. Emphasis on inquiry practices such as, the use of models and 

argumentation is one area of research that should be explored closely to find 

innovative ways for students to engage in science discourse and allow them to co-

construct knowledge through inquiry investigations. The use of models in science 

inquiry will allow students to communicate evidence-based explanations to their peers 
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through argumentation. A functional approach to language use includes content-

specific language strategies within specific subject content that would differentiate 

instruction to accommodate the needs of ELLs both linguistically and academically. 

One linguistic approach that takes the functional role of language use to create 

meaning for a social purpose is Systemic Functional Linguistics (Halliday & Martin, 

1993). This approach utilizes the functions of language to make meaning for an 

intended social purpose. Within science education, the science classroom is the 

specific social context that influences such sense and meaning making for the social 

purpose of explaining, arguing, justifying, and predicting aspects of natural 

phenomena. More on this approach to language use will be discussed. 

Definitive Problem Statement 

 The problem is few teachers are engaging their ELLs in inquiry investigations 

and inquiry practices such as model constructing and arguing from evidence and even 

fewer consider the role that language plays in such practices. Deep rooted-beliefs held 

by science teachers about teaching practices and the role of language in science, have 

resulted in little to no change in positive ELL student outcomes. ELLs continue to 

underperform their non-ELL counterpart students in state and national assessments. 

U.S. researchers have reported that non-mainstream students have positive attitudes 

towards science and aspire to science careers, but have limited exposure and access to 

the knowledge necessary to realize this aspiration (In Lee & Lykx (2007); Atwater, 

Wiggins, & Gardner, 1995; Rakow, 1985). While enrollment in high school science 

courses, bachelor’s, master’s, and doctoral degrees awarded in science and 
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engineering fields have increased, there are still gaps that persist (National Science 

Foundation [NSF], 2002; Oakes, 1990). Thus, teacher beliefs about acquiring the 

English target language before subject matter must change to prevent ELLs from 

falling behind their English-speaking peers (August & Hakuta, 1997). Teacher beliefs 

should center on inquiry investigations in science that interrelates concepts in addition 

to the construction of a revised belief system about the role of language and language 

development for ELLs in science learning.  

The National Assessment of Educational Progress (NAEP), 2009 and 2011 

ELL & non-ELL eighth grade science test takers, reported 86% and 83% of ELLs for 

2009 and 2011 respectively to have performed below the basic level compared to 34% 

and 32% for non-ELLs. In other words, less than one fifth of the ELL population met 

the science standard in science academic assessment nationally, while two-thirds of 

non-ELLs met the standard. This is partly due to many reasons. Teachers are 

influenced by their deep rooted beliefs about the nature of science and the lack of 

knowledge on the role of language in science inquiry for the construction of 

knowledge in science. Windschitl (2002) discusses a list of pedagogical dilemmas in 

which teachers are often confronted with specific challenges that impact teaching 

practice and in turn influence how children construct knowledge. Such dilemmas 

include teachers’ own subject content knowledge. Shulman (1986; 1987) explains how 

teacher comprehension is even more critical for the inquiry-oriented classroom than 

for the traditional alternative. “Insufficient knowledge of the subject matter can lead to 

misconceptions by both teachers and students.” (Carlsen, 1991; McLaughlin & 
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Talbert, 1993) Teachers must have knowledge about how to promote the development 

of language and content-specific academic language functions, such as describing, 

explaining, comparing, and concluding (Wong Fillmore & Snow, 2002). Finally, both 

teacher and student views about science influences how science is taught and learned. 

Teachers and students often view the learning of science as a static body of facts and 

fail to recognize the social process through which knowledge is constructed (McNeill 

& Krajcik, 2008). 

Purpose of Study 

 This study investigated and explored the effect of instruction focused on 

utilizing inquiry practices, such as creating models and arguing from evidence, 

through an SFL approach and how this type of instruction accommodates the language 

and academic needs of ELLs. This study explored how ELLs view learning science 

through the scientific practices of modeling and arguing from evidence through a 

functional approach to language use in science. As stated previously, teacher 

comprehension of subject content is key to implementing inquiry-based practices such 

as modeling and argumentation. The lack of knowledge to language use in science 

discourse also influences how students construct knowledge. Given the recent and 

limited area of research and teacher practice utilizing both inquiry and an SFL 

approach in science education, the instruction innovation was implemented by the 

researcher and author of this study. The study was guided by the following framing 

questions in mind:  
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1. How does model-based instruction, through a functional approach to 

language use, influence science learning through inquiry-based and 

discourse practices such as modeling and arguing from evidence? 

2. How do ELL students’ views about learning science through model-based 

instruction change when supported by a functional approach? 

Significance of Study 

 This study aimed to explore how 6th grade ELLs learn science and view 

science learning when provided with equal opportunities to learn through inquiry and 

discourse practices, such as modeling and arguing from evidence. In doing so, the 

study also aimed to explore how a functional approach to language use in science 

facilitates how ELLs engage in discourse practices such as argumentation and how it 

meets their linguistic and academic needs. Through this study ELLs were provided 

with frequent opportunities to communicate evidence-based findings in science 

through inquiry investigations. 

 This study proposes an opportunity for reflection and change in teacher 

practice to include more inquiry and discourse practices in the science classroom. 

Inquiry practices are offered through the process of modeling and model constructing 

and language patterns for science discourse are made explicit through the construction 

of scientific explanations and arguing from evidence. Through a functional approach 

to language use teachers may offer the language resources necessary to construct 

meaning through scientific explanations within the social context of the science 

classroom. The study provides teachers with the knowledge bases necessary to select 
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effective strategies and activities that provide content and language development to 

ELLs.  

 This study highlights the knowledge bases necessary in professional 

development for effective teacher practice that accommodates the content and 

linguistic needs of ELLs to engage in reasoning through modeling and arguing from 

evidence. Those knowledge bases are pedagogical content knowledge, subject content 

knowledge, pedagogical knowledge and linguistics knowledge. Shulman (1986; 1987) 

argues that effective teaching is characterized by the successful integration of 

teachers’ subject content knowledge and pedagogical knowledge as pedagogical 

content knowledge. When taken together as PCK, teachers may select the most 

appropriate activities and set their classroom structure to be conducive to learning 

through inquiry and discourse based practices. A linguistics knowledge base offers 

teachers with the grammar patterns and language systems as genre and language 

register needed for selection of language-based content strategies (Z. Aguirre-Munoz, 

personal communication, May 25, 2016). 

Definition of Terms 

Arguments – indicators for or against the fitting of a model according to its logical 

coherence or in comparison to empirical data (Bottcher & Meisert, 2011) 

Argumentation – a process of critical evaluation of models in the sense of verifying 

the appropriateness of one or multiple rival models according to their logical 

coherence and the available, empirical data 

English language learner – A person who is in the process of acquiring English 
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and has another language as their native language; the terms English language 

learner and limited English proficient are used interchangeably (Adaptations for 

Special Populations, Chapter 89, 2012). 

Model-based Instruction – Model and argumentation-based instruction supported by 

a Systemic Functional Linguistics approach 

Model – (Giere, 1988) any representation, using any symbolic means, which allows 

one to think, talk, and act rigorously and in-depth on the system being studied; an 

abstract, simplified, representation of a system of phenomena that makes its central 

features explicit and visible and can be used to generate explanations and predictions 

(Harrison & Treagust, 2000). Models are specialized representations that embody 

aspects of mechanism, causality, or function to illustrate, explain, and predict 

phenomena (Schwarz, Reiser, Davis, Kenyon, Acher, Fortus, Shwartz, Hug & Krajcik, 

2009). 

Non-ELL – any student whose native language is English or any ELL who has been 

re-classified as “fully English proficient” 

Register – a set of meanings that is appropriate to a particular function of language, 

together with the words and structures which express these meanings (Halliday, 1978)  

Scientific modeling – the process of constructing, using, evaluating, and revising 

scientific models 

Systemic Functional Linguistics (SFL) – SFL is a theory of language centered on the 

notion of language function, placing the function of language as central, in preference 
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to more structural approaches that place elements of the language and their 

combinations as central  

Assumptions 

 This study was guided by the assumption that ELLs have certain views about 

science learning they will want to communicate in addition to holding certain beliefs 

about learning science in a different language that is not their native language. In order 

to do so, they may feel more comfortable using their native language to express 

meanings about their views in the implementation of model-based instruction and 

science learning. Assumptions for engaging ELLs in reasoning prove to be 

challenging as studied through recent and few empirical research studies available in 

this field of research.  

Limitations 

 One limitation for this study is that of time. The expected duration of the study 

for implementing an innovative strategy such as modeling and argumentation through 

an SFL approach was expected to last between 12-17 days. However, due to the 

decrease in instructional time the study took place over one entire six weeks unit from 

start to finish for an approximate 30 days. While the research shows promising 

outcomes when utilizing modeling and argumentation in the science classroom, many 

challenges were encountered as there were limited resources in the availability of 

instructional materials and resources in addition to a lack of fully equipped science 

laboratories to conduct lab investigations.  Thus, time was expected to be a limitation 

of the extent of outcomes and processes explored through this study and amplified 
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further by the lack of resources available and the accommodation for the lack of 

resources and instructional materials available.  

 Another limitation was the number of ELLs in the classroom of interest. Due 

to a limited number of ELLs disbursed over several campuses of the school district the 

number of ELLs available within the one classroom of interest was minimal with only 

seven ELLs present. Four assented and parents consented to participate in this study. 

Thus, the findings focused on an in-depth analysis using a limited sample of ELLs.   
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CHAPTER II 

LITERATURE REVIEW 

Introduction 

 This review of the literature is focused on two historical perspectives in the 

philosophy of science. The statement view and non-statement view about the 

philosophy of science offer a representation or a rationale for the recent shift in 

science education. The non-statement view is also referred to as the model-based 

view. By contrasting the two perspectives, a theoretical framework utilizing the 

model-based view with ELLs is proposed for the inquiry of this study utilizing inquiry 

practices put forth by the model-based view such as using models and arguing from 

evidence to learn science. The role of language is discussed and inquiry practices are 

explained through an SFL approach.  

Historical Views in the Philosophy of Science 

Statement View 

Different views about the nature of claims to scientific knowledge have 

influenced how scientific knowledge is perceived. Giere (2006) discusses how within 

each view, scientific theories are viewed differently as they are attributed certain 

authority and viewed as linguistic entities or universal statements of truth. The first is 

the statement view to scientific theories and laws, developed by proponents of logical 

empiricism and accepted in the early twentieth century, “the axioms of a theory are 

essentially understood as immediate descriptions of the real world and as statements of 

universal scope, verifiable through logical and empirical proofs, the experience of the 
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sense is thus posited both source and ultimate verification of scientific knowledge” 

(Develaki 2007, p. 276). Scientific laws for this matter are attributed truth through 

logic and empirical testing of observable phenomena.  

Consider the first law of thermodynamics.  This law states that the energy of 

the universe is constant and energy can neither be created nor destroyed but can be 

transformed and transferred. The law states that as heat moves from a warm room to a 

hallway that is less warm, the total amount of energy in the universe remains 

unchanged. In this case, there has been a transfer of energy from one location to 

another, but no change in the net quantity of energy in the universe. Repeated trials of 

experiments of heat flow and energy calculations will demonstrate that as heat flows 

from one object or place to another, the total amount of energy is conserved. A 

limitation of the first law, however, is that it only describes energy in terms of 

quantity, transfer and transformation, but in this example the law does not explain the 

cause for the direction of heat flow from a warm room to a less warm hallway. It takes 

the second law of thermodynamics to explain that the reason the heat transfer process 

occurs in this direction is because heat transfer is a spontaneous process where heat 

flows from warmer objects to cold objects increasing the entropy within a system or 

collection of systems. Thus, the hallway presents a surrounding filled with particles 

with less energy and when warmer particles exit the room to flow into the hallway a 

greater variation of particle arrangements and motion may take form increasing the 

entropy or disorder of the hallway. In essence, the direction of heat transfer is 

explained as a spontaneous process as warm (room) particles collide with less warm 
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(hallway) particles and another process occurs through the second law of 

thermodynamics, which would be convection or one form of heat transfer. If the first 

law is attributed truth and universal scope, then it can only be true when it comes to 

those specific physical quantities it can describe, like in the example of quantity of 

energy and energy transformation or transfer. As Giere (1999) would argue, nature is 

filled with many quantities that interact with one another, and there are few, if any, 

truly isolated systems. Thus, to attribute universal scope and truth to laws and theories 

would be warranting that systems indeed can exist in isolation in a non-relational 

manner. 

Non-Statement View 

 An alternative to the statement view about the philosophy of science 

beginning in the 1970s is the non-statement view or the model-based view. The 

model-based view (van Fraassen, 1980a; Giere, 1988) is based on the semantic view 

or non-statement view of theories (Suppe, 2000) and is more closely oriented towards 

processes of scientific practice (Giere, 1988, 1999, 2004). For Giere (2006) 

representing is one such scientific practice in which multiple components are related 

to represent certain aspects of the world. These components are: 1) the agents 

(scientist, scientific group, or a larger science community), 2) the goals and purpose 

for representing, 3) the aspect of the world being represented, and 4) the abstract 

construction that is utilized to represent. He uses the following form to look at the 

relationship between the stated components: S uses X to represent W for purposes P, 

where S can be a scientist, scientific group or a larger scientific community, W an 
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aspect of the real world, P the purpose, and X to do the representing for a specified 

purpose (Giere, 2006, p. 60). By representing through the use of abstract constructions 

such as models, certain aspects of the real world and specific features about those 

aspects are represented for specific purposes. Rather than treating scientific 

representation through the statement view as a two place relationship between 

statements and the world, through a model-based understanding of scientific theories 

scientists generate models using scientific principles and specific conditions to 

represent particular aspects of the real world. Thus, the laws of thermodynamics 

presented in the earlier example would be examples of scientific principles and 

specific conditions closely considered when applying such principles to explain 

something like the heat flow phenomenon.  

One definition of a model is an abstract, simplified, representation of a system 

of phenomena that makes its central features explicit and visible and can be used to 

generate explanations and predictions (Harrison & Treagust, 2000). They are 

specialized representations that embody aspects of mechanism, causality, or function 

to illustrate, explain, and predict phenomena (Schwarz et al, 2009). Giere (1988) 

defines a model more generally as any representation, using any symbolic means, 

which allows one to think, talk, and act rigorously and in-depth on the system being 

studied. Rather than attributing truth and universal scope to scientific theories and 

laws, instead models are evaluated in terms of model fit according to the aspect of a 

real system that is represented and the application of scientific principles under 

specific conditions. When a model fits a particular system, it is understood as the 



Texas Tech University, Magdalena Pando, August 2016 

18 

model applies to such a system and while no model may perfectly fit a real system, 

when we say a model fits that system we are agreeing that it fits in terms of similarity 

to the real system and aspects of that system. Judgement of model fit is mediated by 

models of data generated by applying techniques of data analysis to actual 

observations. According to model fit, specific hypotheses and claims may then be 

generalized on previously designated classes of objects (Giere, 2006). Figure 2.1 is 

Giere’s overview of a model-based account of theories.  

 

Principles Plus Specific Conditions 

       

Representational Models 

 

Specific Hypotheses and Generalizations 

 

Models of Data 

 

World (Including Data) 

 

Figure 2.1. Overview of a model-based account of theories 

 

Within the model-based view, it is the relationship of several components at play that 

encompass the practice of representation and not a focus on representation as a two 
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place relationship between linguistic entities and the world. Linguistic entities, such as 

scientific theories and laws, are not a direct representation of the world. Instead, they 

are scientific principles that are applied and represented through modeling over a 

limited range of phenomena under specified conditions and language is the medium 

used to create meaning of such a representation using those scientific principles. A 

discussion on the role of language in science discourse is offered next.   

Role of Language Use in Science Discourse 

According to Sutton’s Framework (1998) for language use in science 

education, language is a system for transmitting information and it is an interpretive 

system for making sense of experience. Carlsen (2007) adds a third articulation to 

Sutton’s framework – language is a tool for participation in communities of practice. 

This framework is realized through different perspectives. One perspective is that 

language carries meaning from one place to another, from the field of expert science to 

the field of school science (Espinet, Izquierdo, Bonil, & Ramos De Robles, 2012). For 

Lemke (1993) language as theory and action translates into knowing science is talking 

science. Language as theory is considered a specialized system of interpretation: it is 

an active modeler of experience (Sutton, 1998). Language as action in science 

classrooms implies giving students a voice, enabling them to use language not only to 

capture the truth but also to build personal and shared systems for interpreting natural 

phenomena. Modeling shapes language as much as language shapes models and 

modeling (Carlsen, 2007).  
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 Several studies conducted explore discourse in science classrooms from 

several theoretical perspectives such as social semiotics (e.g. Halliday & Martin, 1993; 

Lemke, 1998), sociolinguistics (e.g., Bleicher, 1994; Carlsen, 1991), 

ethnomethodology (e.g., Lynch & Macbeth, 1998; Macbeth, 2000), cognitive science 

and psycholinguistics (e.g., Yore, Bisanz, & Hand, 2003), rhetoric and writing (e.g., 

Bazerman, 1988; Keys, 1999a), and critical discourse analysis (e.g., Hughes, 2001; 

Moje, 1997). From a social semiotic perspective Lemke (1990) studied secondary 

science classrooms with the initial premise that science lessons are social activities 

constructed through human action. Through his analysis he found thematic and 

organizational patterns in science dialogues in the classroom (In Kelly, 2007). 

Thematic patterns represented semantic relationships comprising of scientific 

knowledge discussed while organizational patterns fell into the common pattern, 

format of question – answer – response. By studying the thematic and organizational 

patterns of science classroom dialogues he concluded that learning science is learning 

to talk science which involved observing, describing, comparing, classifying, 

discussing, questioning, challenging, generalizing, and reporting among other ways of 

talking science (Lemke, 1990, pp. 1). He further argued that over time strict adherence 

to this type of patterned language would limit students’ opportunities to justify, 

discuss, and re-examine science concepts. A critical discourse analysis by Fairclough 

(1995) and Moje (1995) discovered how certain discourse processes centered authority 

on science teachers such as the use of the first person plural and precision in language 

use (In Kelly, 2007, pp. 446).  
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 From a sociolinguistic perspective Carlsen (1991) considered the multiple 

functions of classroom conversations and found that teacher’s subject matter 

knowledge influenced how teachers opened up conversations to student participation, 

range and type of questions posed to students, and teachers’ willingness to diverge 

from specific and defined curriculum goals. Carlsen (2007) building from Sutton’s 

(1998) framework included four features for the role and function of language in 

science teaching and learning – (a) what a speaker appears to be doing, (b) what 

listeners think they are doing, (c) how language works in learning, and (d) how 

language works in science. For the first feature, Carlsen discusses the constant 

tensions for balanced control over teacher-directed discourse that is heavily influenced 

by the teacher’s subject matter knowledge. Within this same feature he argues for 

creating opportunities for meaning-making for students to create a local context that 

will lead to appropriate scientific discourse. For the second feature, Carlsen argues 

that students should have communicative competence which involves multiple turn-

taking without the teacher’s direction, knowing how to hold and yield the floor, and 

how to make sense to and of others (pp.66). 

 The third feature consists of how students make meaning from different 

perspectives such as cognitive perspectives to emphasize thinking and sociocognitive 

perspectives to highlight the role of language in stimulating and supporting thinking. 

A second component of this feature is how students represent knowledge in science 

education settings. Concept mapping is a popular tool for representing relationships 

among concepts (Fisher, Wandersee, & Moody, 2000) in addition to the use of models 
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(Windschitl, 2008). The final feature discussed by Carlsen is how language works in 

science to make and challenge claims using evidence collected from empirical 

methods and recorded data. The ultimate role and function of language in science is 

that it be used to make generalizations based on data collected. The first three features 

discussed by Carlsen are mainly scaffolds to learners and speakers of science to reach 

the ultimate goal of engaging in scientific discourse. 

 Further studies conducted discourse analyses using argumentation to examine 

student reasoning, how students engage in scientific practices, and the development of 

conceptual and epistemic understandings (Driver, Newton, & Osborne, 2000; 

Jimenez-Aleixandre, Rodriguez, & Duschl, 2000; Richmond & Striley, 1996). Using 

argumentation analysis dates back to Toulmin’s (1958) layout of arguments. The 

central components of an argument consist of claims, relevant data and warrants 

supported by theoretical backings. More significantly, argumentation refers to the 

ways in which evidence is used in reasoning. From this standpoint additional and 

recent studies have emerged using argumentation as a form of analysis to examine 

student learning and teacher practices (Zohar & Nemet, 2002; Sandoval, 2003; 

Sandoval & Millwood, 2005; and McNeill & Krajcik, 2008). In addition to utilizing 

argumentation, few empirical studies have gained research interests on studying the 

effects of scientific practices on students’ ability to argue from evidence (Schwarz et 

al., 2009; Bottcher & Meisert, 2010; Pluta, Chinn, & Duncan, 2011; Mendonca & 

Justi, 2014). One such practice includes the use of models to explain natural 

phenomena. From a model-based perspective, argumentation is a critical component 
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of model evaluation, which is only one of the four stages of the scientific modeling 

process discussed next. 

Research on Modeling 

 Scientific modeling is the process of constructing, using, evaluating, and 

revising scientific models. Recall that a model is a representation of a system, using 

any symbolic means, which allows one to think, talk, and act rigorously and in-depth 

on the system being studied. Such a representation of a system through modeling 

makes its central features explicit and visible and is used to generate explanations and 

predictions (Harrison & Treagust, 2000). More specifically, models are specialized 

representations that embody aspects of mechanism, causality, or function to illustrate, 

explain, and predict phenomena (Schwarz et al. 2009). Justi and Gilbert (2002) 

propose the “Model of Modeling Diagram” where they propose the modeling process 

to consist of the following six stages – 1) deciding on a purpose for model use, 2) the 

production of a mental model, 3) the expression of a model, 4) conducting thought 

experiments, 5) designing and performing empirical tests and 6) fulfilling purpose. 

These stages can be summarized into four stages that are central in the process of 

modeling: 1) the production of a mental model, 2) the expression of the model, 3) 

testing of the model, and 4) evaluation of the model based on the purpose of it and 

whether that purpose has been fulfilled (see Figure 2.2). This is not a linear process 

but rather an iterative process between stages for the practice of modeling to evaluate 

that the model fits the aspect of the phenomenon or system represented.  
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 During the production stage, a mental model is generated through personal 

reasoning and the individuals’ prior background knowledge and experience. The 

production revolves around the purpose for the production. In essence, a phenomenon 

or an aspect of a real system is considered and a purpose is established before the 

production of the mental model. For example, a teacher may suggest a group of 

students to think about and compare particle arrangement and motion between solids, 

liquids and gases. More specifically, the teacher asks them to think of water in the 

three different states, ice, liquid water, and water vapor. Within such a teaching 

instructional context , Justi, Gilbert & Ferreira (2009) would state that students’ 

previous ideas are essential for inclusion of fundamental attributes in their models. For 

this example, students’ previous ideas on kinetic molecular theory and personal 

experience with different states of water would be necessary elements prior to the 

production of a mental model. The internal representation is then externally 

represented during the expression stage using one or more than one combined modes 

of representation – material, visual, verbal, gestural, virtual, or mathematical – and is 

made accessible to others (Mendonça & Justi, 2014). 

 During the testing stage, experiments whether thought or empirical or a 

combination of both, will determine the appropriateness of the model with the 

phenomenon or aspect of a real system in light of sufficient and relevant evidence 

obtained to determine the fitness of the model. At this stage, individuals must ask 

themselves what variables within the aspect of reality must be tested and which should 

be controlled. Designing of experiments should take place through careful thought 
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experiments and selection of variables to be tested. Careful examination of evidence 

that is relevant and a sufficient amount of evidence collected will determine whether 

the model has fulfilled its purpose during the evaluation stage. During the evaluation 

stage, the model may be rejected or accepted on whether it has fulfilled its purpose. If 

accepted, then the scope and limitations of the model should be brought to light during 

the evaluation stage. If the model is rejected, it should be modified and re-testing 

should take place until the model is a fit. It is during the testing and evaluation stages 

where scientists or any agent of representation (scientist, scientific community, 

student, etc.) will engage in argumentation to evaluate the role of evidence in the 

production and purpose of models (Berland & Reiser, 2009; Duschl & Osborne, 2002; 

Khishfe, 2012).  

 
 Figure 2.2. Four central stages in the modeling process  
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 In a study conducted by Schwarz et al (2009), researchers developed a learning 

progression for scientific modeling describing levels of progress along two 

dimensions: 1) scientific models as tools for predicting and explaining and 2) models 

change as understanding improves. Results within this study showed how 5th & 6th 

grade students moved from illustrative towards more explanatory models, shifting 

from models as correct or incorrect towards models as encompassing explanations for 

multiple aspects of a target phenomenon. Along the first dimension, students used 

models to predict and explain phenomena and through the dimension of models 

changing as understanding improved, students acquired scientific knowledge in a 

meaningful manner through the inquiry practice of modeling. In another study 

conducted by Justi, Gilbert & Ferreira (2009), data from six lessons dealing with 

chemical equilibrium yielded positive results in students’ understanding of chemical 

equilibrium through the modeling process. A third study conducted by Pluta, Chinn, & 

Duncan (2011), analyzed the epistemic criteria for good models generated by 324 

middle-school students. Epistemic criteria referred to the clarity, pictorial form, and 

explanatory function of models. Students included criteria dealing with the role of 

evidence in supporting models. Within aforementioned studies, empirical data 

demonstrated an increase in content knowledge for science learners, students’ 

realization about the function of models as explanatory and used for predicting 

phenomena, and even some of the epistemic criteria students believed were important 

for evaluating what good scientific models include. Modeling is one scientific practice 

through which knowledge is constructed. However, it is the testing and evaluation 
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stages of the modeling process that allows individuals or agents of representation to 

engage in argumentation to evaluate the fitness of a model with its intended purpose. 

Research on argumentation is discussed next.  

Research on Argumentation 

 From a model-based perspective, an argument is an assertion with a 

justification (Kuhn, 1991) or a standpoint that is justified or defended for a particular 

audience (Van Eemeren, Grootendorst, Henkemans, Blair, Johnson, Krabbe, Plantin, 

Walton, Willard, Woods, & Zarefsky, 1996). Bottcher and Meisert (2011) propose to 

understand arguments as reasons for the appropriateness of a theoretical model 

explaining a certain phenomenon. They consider the process of argumentation as the 

critical evaluation of such a model in relation to alternative models. The goal of 

argumentation is the evaluation of models to determine their “fit”. According to Giere 

(2010), “a hypothesis is a claim that a fully interpreted and specified model fits a 

particular real system more or less well” (p. 271). From this point of view Bottcher 

and Meisert (2011) define arguments as indicators for or against the fitting of a model 

according to its logical coherence in comparison to empirical data. They define 

argumentation as a process of critical evaluation of models in the sense of verifying 

the appropriateness of one or more multiple rival models according to their logical 

coherence and the available empirical data (p. 110-111). Thus, argumentation is a 

critical evaluation process occurring within the testing and evaluation stages of the 

modeling process through which established claims are justified using appropriate 

evidence and scientific principles. By engaging in argumentation, students interact 
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dialogically with one another discussing the scope and limitations of their models and 

determining the “fit” of their models or lack of “fit”. In doing so, they engage in the 

revision and modification processes of the testing and evaluation stages of the 

modeling process.  

 Additionally, scientific argumentation is directly related to justifications and 

persuasions (Jiménez-Aleixandre & Erduran, 2008). “Argumentation as justification 

implies a commitment to evidence in theoretical choices based on the rationality 

employed in the process. Argumentation as persuasion involves employing rhetorical 

devices in speech and writing aiming at weighing up and strengthening claims to 

convince others” (Mendonça & Justi, 2014). When compared to students’ arguments 

Mendonça & Justi (2014) state that scientists’ arguments are more solid in that their 

claims are properly supported by justification of an empirical or theoretical nature. 

Providing students with opportunities to establish connections between theoretical 

structures and evidence may lead to better-quality student arguments (Jiménez-

Aleixandre, 2008), resembling more closely those of real scientists.  

 A study conducted by Zohar and Nemet (2002) found that students who 

engaged in a unit on argumentation skills through dilemmas in human genetics learned 

greater biological content knowledge when compared to a group that learned about 

genetics in a more traditional manner. Other studies have shown how engaging in 

argumentation is a difficult process for students. Sadler (2004) found that students 

often experience difficulty articulating and defending their own knowledge claims. 

Kuhn (1991), found that both children and adults’ ability to construct arguments did 
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not come naturally to them and often experienced difficulty coordinating their claims 

and evidence. Students often have difficulty using appropriate evidence (Sandoval, 

2003) and providing sufficient evidence for their claims (Sandoval & Millwood, 

2005). McNeill, Krajcik, Lizotte, & Marx (2006) found that students had the most 

difficulty selecting and using scientific principles to justify why their evidence 

supported their claims. While argumentation promotes a deeper understanding of 

content the process also presents itself challenging to students as a practice. While the 

mentioned studies presented challenges to students engaging in argumentation from 

evidence and the use of scientific principles, there is an absence in the present 

literature involving the use of modeling and argumentation practices specifically with 

English language learners, ELLs.  

English Language Learners 

 Areas of research existent in science education that do focus on ELLs 

specifically deal with the role of language in science learning. Lee et al (2013) 

highlight the linguistic challenges and resources that ELLs and other traditionally 

marginalized students bring to the science classroom. In the Chèche Konnen body of 

work, involving case studies of students from African American, Haitian, and Latino 

backgrounds in both bilingual and monolingual classrooms, researchers and scholars 

have explicitly considered the role of language in scientific sense making by 

investigating how ELLs’ home languages and discourse styles are used as resources to 

understand and gradually take ownership of the discourse patterns of scientific 

communities (Buxton & Lee, 2010).  For example, Haitians engage in argumentative 



Texas Tech University, Magdalena Pando, August 2016 

30 

discussion as a major feature of their social interaction (Hudicourt-Barnes, 2003) and 

this can be used as a language resource to practice argumentation in the classroom. 

Moje, Collazo, Carrillo, and Marx (2001) documented how multiple discourses can 

conflict with one another between different modes of representation and argued for a 

hybrid space where these could be productively integrated in the science classroom. 

Other studies examined how participation in collaborative science inquiry shaped ELL 

students’ conceptual knowledge and use of hypotheses, experiments, and explanations 

to organize their reasoning (Rosebery, Warren, & Conant, 1992). Other studies 

documented the levels of low reasoning rather than higher levels of reasoning in 3rd 

and 4th grade ELLs (Buxton and Lee, 2010) and challenges in selecting ambiguous 

objects, where the feature structures were unspecified and relationships not explicitly 

realized to reason and create arguments about the different states of matter. While all 

of these studies are focused on language use in science concerning the ELL 

population, they show some of the resources that can be brought by specific groups of 

ELLs but also present some of the challenges in reasoning and using language in 

science. None of the mentioned studies take a linguistic approach to the practice of 

modeling and argumentation combined for the representation of real systems and 

natural phenomena. Studies have centered too often on the use of English as a second 

language, ESL strategies that focus on teaching specific language elements such as, 

vocabulary, pronunciation, grammatical forms, assuming that over time these elements 

lead to grammatical accuracy, greater complexity, and increased fluency (Lee et al, 

2013). Research within the last decade has shifted to more experiential and functional 
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approaches which focus on students’ ability to do things with language and to engage 

them in purposeful activities and opportunities for language use. One such approach is 

through Systemic Functional Linguistics (SFL) as discussed next.  

Systemic Functional Linguistics 

 Systemic Functional Linguistics (SFL) is a theory of language centered on the 

notion of language use for making meaning, placing the function of language as 

central in preference over more structural approaches that place elements of the 

language and their combinations as central. Halliday (1993) states that language is a 

“theory of human experience” that children learn as they enact their culture, and that 

understanding language better can help us understand how this learning happens 

(Schleppegrell, 2004). SFL is utilized as a social semiotic tool as language is used to 

make meaning. In treating SFL as the “theory of human experience” it is with no 

question that social context determines how language is used to make and 

communicate meaning. SFL consists of three language functions that work 

simultaneously as we use language in spoken and written text types (Droga & 

Humphrey, 2005). Halliday describes these functions as the experiential, interpersonal 

and textual functions. Through the experiential function, language is used to represent 

personal experience of the world. The interpersonal function consists of how language 

is used to interact with others, while the textual function involves how language is 

used to create spoken and written, organized and cohesive texts. Together, the three 

language functions serve to create and communicate meaning for a specific social 
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purpose and context. That specific purpose for which language is used determines the 

appropriate register used to communicate within a given social context.  

Register is defined as a functional variety of language (Halliday, 1978) – the 

patterns of instantiation of the overall system associated with a given type of context 

or a situation type (Halliday & Mathiessen, 2004). That is, the specific language 

features that realize the text to accomplish the social act. Modality is a linguistic 

resource within language register for presenting propositions (claims), enabling the 

expression or probability, certainty, necessity and other meanings. Appropriate choice 

in linguistic register will allow the communicator to communicate with his/her 

audience with the intended social purpose in mind. If you recall Lemke’s findings on 

secondary science classroom dialogues, he found thematic and organizational patterns 

in student dialogues. Thematic patterns consisted of semantic relationships comprising 

science knowledge and organizational patterns fell into the common format of 

question – answer – response. He argued that strict adherence to this type of patterned 

language would limit students’ opportunities to justify, discuss and re-examine science 

concepts. He is correct in saying so, if students adhere to the same thematic and 

organizational patterns as discussed by Lemke (1990). However, through a functional 

approach to modeling and argumentation, students in general will be empowered to do 

just that – justify, predict, explain, discuss, re-examine, etc. – because the approach 

does not limit students to structures or patterned language, but rather the approach 

makes explicit  the language register necessary to create and communicate meaning in 

science classrooms. Furthermore, SFL makes the language features of the disciplinary 
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language of science explicit (Fang & Schleppegrell, 2008). Disciplinary language 

must be explicitly taught in order for students to complete linguistically challenging 

tasks. Thus, the science specific disciplinary language also becomes a language 

resource within register for the purpose of communicating in the social context of the 

science classroom. 

CER Framework 

McNeill & Krajcik (2008) propose a framework for student talk and writing in 

grades five through eight that allows students to create scientific explanations. They 

propose that a scientific explanation should consist of having three parts: 1) claim – a 

conclusion to a question or problem, 2) evidence – scientific data that supports a 

claim, and 3) reasoning – a justification that links the evidence to the claim. The 

reasoning component involves the application of scientific principles to make claims 

and why or how the evidence supports a claim. They also include a fourth and more 

complex component which is rebuttal. Rebuttal involves the practice of ruling out 

alternative explanations for a science phenomenon (McNeill & Krajcik, 2008).  

This instructional framework adapted from Toulmin’s (1958) model of 

argumentation offers students opportunities to engage in academic talk and science 

discourse. Secondly, the framework is compatible and adequate to be used along with 

all stages of the modeling process and especially during the testing and evaluation 

stages to construct and revise knowledge following the non-statement view or model-

based view to the philosophy of science. Thirdly, the framework requires active 

student engagement in establishing claims to find answers to questions, gathering 
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sufficient and appropriate evidence to support established claims and through the 

application of scientific principles, justify why or how the evidence supports their 

claims. It would be logical to say that through the discourse of rebuttal, students 

reinforce prior and new conceptual understanding by either reinforcing prior 

understanding or by expanding understanding of new concepts introduced. Through 

reasoning and rebuttal, students are able to understand a more complex interrelated 

web of concepts and the links and relationships between concepts. Finally, the 

framework can be specifically taught to all students and especially ELLs through a 

functional approach to equip ELLs with the language base necessary to construct 

explanations utilizing specific language resources and features. For this reason the 

following theoretical framework was selected to guide this study.  

Theoretical Framework 

  Considering the shift in the role that language plays in science for engaging in 

inquiry practices such as modeling and arguing from evidence and considering the 

challenges that ELLs are confronted with in using the English language to engage in 

such practices, it was necessary to develop a theoretical framework that would allow 

instruction to be focused on the construction of models and argumentation through an 

functional approach. The Modeling through a Systemic Functional Linguistics 

Approach (see Figure 2.3) model provides a framework for teachers to provide 

students with opportunities to utilize the three functions of language to engage in the 

four different stages of the modeling process. The experiential function of language 
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Modeling through a Systemic Functional Linguistics Approach 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3. Modeling through a Systemic Functional Linguistics Approach 
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serves to facilitate the creation of mental models, while the interpersonal function 

serves for determining those relationships between the modeler and the audience of 

the modeler. Between the two functions the agent doing the representing or the 

modeler, begins to think about the constituents and features of his/her model and 

begins to form initial claims related to the system or phenomenon being represented 

during the first two stages of the modeling process. The interpersonal function aids the 

modeler on deciding which mode of representation to utilize - visual, verbal, virtual, 

gestural, material, or mathematical. For the purpose of this study, ELLs were provided 

with opportunities to construct models in three different modes of representation – 

visual, verbal, and material – and were expected to utilize both oral and written texts 

to explain their models. Within these texts ELLs made use of the language meta-

functions of explaining and justifying mostly, utilizing the CER framework, and 

considered the appropriate register to use in light of collected and relevant evidence to 

support their claims through reasoning. In doing so, the combined functions 

(experiential, interpersonal, textual) of language from an functional perspective come 

together during the last two stages of the modeling process as students engage in 

testing and evaluation of their models through argumentation to determine whether the 

models fit the phenomenon or real system being represented.  

 Recall that in evaluating whether the model fits the phenomenon being 

represented, relevant and sufficient evidence must be collected in support of claims 

developed by students. In doing so careful selection of variables to be tested and 

experimental design are necessary. English language learners should be equipped with 
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the language resources necessary through a functional approach to select the technical 

vocabulary in the form of nominal groups and abstract verb groups that represent 

abstract processes in science allowing them to explain their models. In doing so, they 

are provided with linguistic resources scaffolding tools for utilizing abstract 

vocabulary and technical language used in science. Finally, ELLs must be provided 

with language resources for constructing organized and cohesive texts as arguments to 

convince others of the fit of their models along with informing others about the scope 

and limitations of their models. Students accomplished this mostly through creating 

oral and written scientific explanations to explain their models using the CER 

framework  

 Finally, in utilizing models to represent an aspect of reality, real systems or 

phenomena, SFL provides a model-based view to the philosophy of science by 

allowing several components to create a meaning of representation through language 

rather than treat scientific laws and theories as direct linguistic entities that are 

immediate descriptions of reality. These components are: an agent (scientist, scientific 

community, student), a model that does the representing (internal “mental” model & 

externally expressed model), a goal and purpose for representing, and the aspect of the 

real world being represented. In SFL terms, the agent is the communicator that uses 

language to represent and communicate meaning. The model is an abstract creation 

that aids the agent with expressing meaning. The goal and purpose components allow 

the agent to select from a variety of text types to express meaning.
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Summary 

 A model-based view to theories centers more on the relationship between 

multiple components in scientific practice. In contrast to the statement view, the 

model-based view centers on scientific practice, whereas the statement view treats 

theories as immediate descriptions of reality. The scientific practice of modeling 

consists of four stages – the production of a mental model, expression of a model, 

testing of the model and the evaluation stage of a model. It is at the evaluation stage 

that students engage in arguing to defend their model fit on how well students are 

representing an aspect of reality. Research shows that a recent shift in teaching 

English as a second language to ELLs requires more functional approaches to equip 

students with using language for a purpose. Systemic Functional Linguistics is one 

approach that uses language as a theory to center on the functions of language to make 

sense and provide meaning when communicating. Along with the CER framework and 

the language resources through language register, the discourse patterns of scientific 

explanations equip with students to engage in discourse practices. A theoretical 

framework is offered that captures the interplay between the modeling process, 

argumentation and systemic functional linguistics to engage ELLs in scientific 

processes such as modeling and arguing from evidence through scientific 

explanations.
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CHAPTER III 

METHODOLOGY 

Research Paradigm 

 This study made use of a constructivist-interpretive qualitative paradigm to 

uncover how the actors within the setting of the classroom created a multi-voiced 

reality of the elements that are representative of having students engage in inquiry 

practices such as modeling and arguing from evidence; specifically how those 

elements represent equal opportunities to learn for ELLs. The constructivist-

interpretive paradigm is compatible with ontological and epistemic beliefs that are 

relativist and subjectivist. Guba (1994) states, “realities exist in the form of multiple 

mental constructions, socially and experientially based, local and specific, dependent 

for their form and content on the persons who hold them” (p. 27). Lincoln & Guba 

(1985) state, “social reality is a construction based upon the actor’s frame of reference 

with the setting” (p. 80). The researcher’s aim was to discover these realities by 

immersing herself in the science classroom setting as complete participant while using 

a constructivist-interpretive methodology and employing a case study design.  

Rationale for Design 

 The rationale for selecting a qualitative research design is attributed to the 

many elements within a classroom that make up this setting. Science classrooms have 

varied levels of dialogicality and inquiry. Some are more dialogic while others are less 

dialogic. In some, inquiry is manifested, in others there is an absence of inquiry. For 

example, traditional classroom instruction centers on lesson delivery that is 
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characteristic of transmitting a static body of knowledge that is directed from the 

teacher to the student. Contrarily, inquiry-oriented classrooms are more dialogic and 

interactive in nature, displaying teacher-student interaction as well as student-student 

interaction. In an inquiry-oriented classroom knowledge is not transmitted as a static 

body of facts but rather knowledge is co-constructed by the roles of its actors and the 

relationships between multiple events and elements within the setting. The dialogic 

nature of a classroom consists of multiple individual constructions of knowledge and 

negotiations of ideas through inquiry for the co-construction of knowledge. 

 The approach that this study undertook by implementing model and 

argumentation-based instruction supported by SFL was to resemble the inquiry-

oriented classroom by giving voice to all of the actors belonging to the class setting. 

This is specifically relevant to this study as traditional classrooms are more 

characteristic of resembling a teacher-directed discourse (Carlsen, 2007; Fairclough, 

1995; and Moje,1995). While a teacher-directed discourse limits the opportunity for 

students to engage in science talk, these limits have greater consequences on ELLs as 

they are denied the conditions necessary to acquire the English language; the 

availability of target language speakers and the social setting offering frequent 

opportunities for ELLs to interact with target language speakers. This study employed 

a qualitative case study design and the researcher participated as complete participant. 

The researcher ensured that the educational setting and all of its elements combined 

gave voice to ELLs who would otherwise remain voiceless as a result of traditional 

classroom settings and expected to learn science in a language that is not their native 



Texas Tech University, Magdalena Pando, August 2016 

41 

language. As the researcher and inquirer immersed herself within this field focused 

investigation as complete participant, a meaningful representation of the classroom 

reality, comprised of multiple dialogues representative of science learning through 

inquiry, was better negotiated and co-constructed through the implementation model-

based instruction. 

Research Questions  

This investigation was organized with the following framing questions in mind 

through and ELLs were the primary informants that constructed a meaningful reality 

through instruction that was based on the use of models and argumentation through a 

functional approach implemented by the researcher. The study was guided by the 

following framing questions in mind:  

1. How does model-based instruction, through a functional approach to 

language use, influence science learning through inquiry-based and 

discourse practices such as modeling and arguing from evidence? 

2. How do ELL students’ views about learning science through model-based 

instruction change when supported by a functional approach? 

Through this study, the researcher’s aim was for ELLs to be the primary informants 

about their response to the model-based instruction implementation. In addition, the 

aim of the researcher was to uncover students’ beliefs about inquiry and discourse 

practices, such as modeling and arguing from evidence in science learning. In doing 

so, some of the attitudes towards these practices when learning science were explored. 

These beliefs and attitudes were not only explored on how ELLs learn science but also 
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on how learning the language of science through a functional approach aided them in 

the learning process.  

Research Design 

Case Study As mentioned previously, this study utilized the case study 

research tradition for an in-depth analysis of a case in which ELLs learned science 

through model and argumentation-based instruction supported by SFL. The case study 

design shares the five features of qualitative research by Bogdan and Biklen (1992). 

These are: (1) the natural setting (a classroom setting) is the data source and the 

researcher is the key data-collection instrument; (2) the primary attempt is to describe 

and the secondary attempt is to analyze; (3) the concern is with the process as much as 

with product or outcome; (4) data is analyzed inductively; and (5) it is concerned with 

the meaning of things.   

Setting. This study was intended to be conducted in one sixth grade science 

classroom with the science teacher and the researcher as co-teacher and co-planners. 

Due to teacher classroom management and behavioral issues additional settings were 

included and took place during during lunch, morning and a daily scheduled tutorial 

session where the researcher could meet in small group to implement the model-based 

instruction with the participants that assented and whose parents consented to 

participate in this study. The classroom of interest was selected out of a middle school 

campus belonging to a district in the west Texas region. The district averages a ratio of 

14.8 students per teacher. The district has a 57.2% Hispanic population for the entire 

district. ELLs comprise 3.5% of the total district population. English-as-second-
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language (ESL) or bilingual education programs are offered by the district to meet the 

educational needs of ELLs. For the classroom setting within the campus under study, 

ESL was the method of instruction.  

Participants. Researcher. The researcher and author of this study took on the 

role to participate as a complete participant within the setting. Due to limited 

professional development in modeling and argumentation-based instruction supported 

by a functional approach, the researcher took the ‘complete participant’ role, as 

science co-teacher and co-planner. The researcher completed education courses, 

qualitative research methods courses and student teaching requirements in a teacher 

certification program at a higher education institution and was qualified to take on the 

role of co-teacher & co-planner. In addition, the researcher held two years of science 

teaching experience at the secondary level at the time the study was conducted. The 

researcher was also an intern where she co-taught a professional development course 

for teachers on science teaching. One 6th grade science teacher was recruited so that 

the researcher could gain entry into the instructional setting. Teacher certifications 

held by the teacher included Science certification in grades four through eight. The 

teacher was practicing her first year as science teacher within the campus where the 

study took place. At the time of entry, the teacher had covered one six week period of 

instruction. The researcher entered the setting at the start of the second six week 

period. The criteria for the selection of the teacher was that the teacher had at least 

three ELLs enrolled in the classroom. The teacher had a total of 7 ELLs. 
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Students. Four ELLs were selected from the teacher’s class and this total 

represents the total number of ELLs for the duration and completion of the study. The 

ELLs selected were Spanish native speakers with English being their second language. 

Throughout their elementary years, they all attended schools where they were 

instructed through dual language programs. The four ELLs are given the pseudonyms 

of Andrea, Barbara, Cynthia and Roberto throughout this paper to protect their true 

identity. The school district utilizes the Texas English Language Proficiency 

Assessment System to assess and determine ELL proficiency level. Each student’s 

proficiency rating is found below.  

Andrea was at a composite English language proficiency level of 4 which is 

advanced high and the last level before being classified as fully English proficient. 

Within each language skill Andrea had an individual rating of 4 for listening, 4 for 

speaking, 3 for writing, and 4 for reading, which is advanced high for all ratings of 4 

and advanced level in writing. Thus, Andrea had the lowest individual language skill 

rating in writing. However, this student had the highest proficiency overall rating from 

all four ELLs. 

Barbara was at a composite English language proficiency level of 3 which is 

advanced and is the second last rating before being classified as fully English 

proficient. Within each language skill Barbara had individual ratings of 3 for listening, 

3 for speaking, 2 for writing, and 4 for reading. Like Andrea, Barbara also had the 

lowest individual language skill proficiency rating for writing and the highest rating in 

reading.  
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Cynthia was also at a composite English language proficiency level of 3 

similar to Barbara for an advanced level. Individual ratings in each language skill were 

4 for listening, 3 for speaking, 4 for writing, and 2 for reading. Interestingly, this 

student was strongest in writing and weakest in reading.  

Roberto was at an overall English language proficiency rating of 4 for an 

advanced – high level. Individual ratings were 4 for listening, 3 for speaking, 3 for 

writing, and 4 for reading. While Andrea and Z had the same overall composite rating, 

Andrea was at a slightly higher proficiency level due to high individual ratings in three 

of the 4 language skills, whereas Roberto had high scores in only two of the four 

language skills.  

Event. Using case study research methodology, the foci of this study were the 

everyday experiences and events of ELLs in a learning context and setting and the 

perceptions and meanings of these experiences as expressed by the researcher. The 

primary event and experience lived by the ELLs was that of the learning context and 

setting that took place during school hours. The events took place during normal 

science instruction implemented by their everyday science teacher for all four ELLs. 

Other events took place during lunch and morning tutorials and advisory periods with 

the researcher and Andrea, Barbara and Cynthia. During these sessions the researcher 

implemented model-based instruction. Roberto was not exposed to the instructional 

innovation given that the original setting should have been the science classroom for 

the entire time of the study. As mentioned previously the teacher struggled with 

student behavior during science classroom instruction and because of the necessity of 
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the researcher having to change the setting during tutorial sessions, Roberto was not 

exposed to the model-based instruction. The researcher did, however, allow him to 

construct the artifacts as all three other ELLs did. Comparison between model 

construction and arguing from evidence with and without model-based instruction 

highlighted key differences in student performance when explicitly taught through 

inquiry and discourse practices and when taught through traditional instruction. These 

events included making sense of critical issues that arose during the study as the 

researcher immersed herself in the process of inquiry.  

Processes. Specific attention was paid to how model-based instruction 

supported through a functional approach influenced how ELLs learn science through 

model constructing and arguing from evidence. More specifically, attention was 

placed on ELLs learning about matter and the changes that take place in it through the 

use of models and arguments to engage in the process of modeling and argumentation 

with the use of language in science inquiry. The functional approach was taken by the 

researcher in order to explore the process of ELLs engaging in science inquiry by 

accommodating their linguistic needs along with their content needs to facilitate their 

engagement in modeling and argumentation when provided with model-based 

instruction. For Roberto, the process is explored through exposure to instruction that is 

more traditional. Roberto is allowed to learn science through model constructing and 

scientific explanation constructions. He is just not exposed to model-based instruction 

and only attends daily science classroom instruction with this science teacher. Andrea, 
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Barbara and Cynthia also receive daily classroom instruction with their science teacher 

in addition to receiving model-based instruction with the researcher. 

Through model-based instruction with the researcher Andrea, Barbara and 

Cynthia learned explicitly about what models are, what explanations are and the 

necessary language features required to produce such explanations. Explicit 

instruction to what a model is and the CER framework was introduced to these three 

students. Content and linguistic activities and a large extent of higher order 

questioning engaged students them in critical thinking skills and in the process of 

modeling and arguing from evidence. In addition these three students were exposed to 

inquiry investigations through lab demonstrations, model constructions, and the 

creation of oral and written explanations using the CER Framework and language 

scaffolding through a functional approach. Thus, the exploring how the ELLs 

responded to the scaffolding was also a process expected to be explored.  

Roberto, however, was not explicitly introduced to what models are, nor to the 

CER framework or what components explanations include. Instead, the researcher 

explored Roberto’s own perceptions of what he perceived a model to be and what 

components a model should have. In addition, he was expected to provide his own oral 

and written explanations to explain his model constructions without explicit 

introduction to the CER framework or without any of the linguistic and procedural 

scaffolding. Rather, he utilized his own learning experiences from the instruction 

received in his daily science classroom.  
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Data Sources and Collection 

Observations 

Spradley (1979) emphasizes the use of descriptive observations and classifies 

them as grand tour and mini tour observations. Through grand tour observations as 

complete participant the goal was to begin the case investigation by identifying the 

general features of the situated classroom setting as well as some of the general 

features about the instructional practice implemented within the classroom. Some 

general features to focus on included place, actor, and activities that helped form 

initial grand tour questions for interviewing. Contrastingly, mini-tour observations 

included a smaller unit of experience to draw on specific information discovered 

through grand tour observations. These observations also guided in formulating more 

situational specific questioning on specific units within the setting. For example, some 

of the grand tour observations within the beginning stages of this inquiry investigation 

included the classroom setting and how it was set up to promote learning by the 

teacher, how the actors within the setting were situated (seating arrangements) and 

observations on how some of the daily routines and procedures utilized by the teacher 

created a positive learning environment.  

Some examples of mini-tour observations included the effect of some of the 

activities on specific groups of students. For example, within the classroom setting 

several observations were made of appropriate voice levels to be used by students. 

While frequently the voice level attributed to students by the teacher was zero, which 

translates into no authority to speak, students remained talking throughout the 
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instruction, which in turn affected instructional time as the teacher would frequently 

reiterated what the appropriate classroom voice level should be. Fifteen teacher 

observations were collected by the researcher to uncover the general classroom 

structure, features, lesson layout, and curricular scope and sequence. 

 Science Planning Period Observations. The researcher accompanied the 

teacher to 15 science planning periods. The researcher observed and contributed with 

suggestions on the use of certain activities and suggested instructional practices to 

teach certain concepts such as density and physical and chemical changes in matter. 

Most importantly, the researcher attended these planning sessions to follow proper 

curricular scope and sequence as discussed daily in these meetings. In addition, other 

sixth grade science teachers provided the teacher and the researcher with copies of 

resources to utilize in the classroom, such as completed lesson plans, formative 

assessments to be used on a daily basis and guided practice handouts. In addition to 

discussing content on a daily basis, the assistant principal also attended these meetings 

regularly to offer ways to increase critical thinking skills using benchmark assessment 

data and also questioned teachers on what strengths and weaknesses they identified in 

their teaching and students using assessment data. Field notes and the researcher’s 

journal supplemented these observations.  

Science Classroom Observations. As mentioned previously a total of 15 

grand tour observations were made by the researcher. These observations were made 

in the classroom of interest to observe teacher practice and classroom structure 

involving the unit of interest on classifying and identifying changes in matter. Each 
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observation lasted between 40-45 minutes in duration daily and these were audio 

recorded and transcribed for analysis. The researcher conducted these grand-tour 

observations at least 3 days prior to start of the unit in order to reduce the 

obtrusiveness of the researcher at the immediate beginning of the unit. A researcher’s 

journal and field notes supplemented each observation. 

Mini tour Observations. In addition to grand-tour observations, 26 mini-tour 

observations were also audio recorded. Contrastingly to grand tour observations mini-

tour observations provided the base description of the effectiveness of modeling and 

arguing activities on ELL engagement. This base description was supplemented by the 

participants as primary informants to the researcher through content-specific semi-

structured interviews. The unit on matter from which this investigation was conducted 

was expected to last initially anywhere from 12-17 days. However, the study lasted 

one entire six weeks for 30 instructional days. This was a decision taken by the 

researcher as the campus principal agreed to allow the participants to partake in small 

group science instruction for an average of 22 minutes a day for a total of 26 

observations over a span of 30 days through a combination of lunch and/or morning 

tutorials and advisory periods in addition to classroom observations with Andrea, 

Barbara and Cynthia. The remaining days were used to uncover the general features of 

the regular classroom setting before small group instruction began with the 

participants.  

Teacher Instruction. Instruction began with the content objective of 

differentiating between elements and compounds. During science classroom 
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instruction students learned that the difference between an element and a compound is 

that elements are made up of only one element and compounds are made up of two 

more elements that are chemically combined. Ms. Smith offered students the tip of 

counting upper case letters in a symbol or formula. If students located more than one 

upper case letter in a formula then that would be their cue that the substance was a 

compound. If only one upper case letter, then that would remind students that the 

symbol represented an element. In a brief instant of science classroom instruction the 

researcher was able to model building physical models of compounds using unifix 

cubes. During this opportunity, questioning was made to ask students to count the 

number of atoms in compounds when building physical models of compounds. 

Students were asked what their conceptions of models were. The majority of students 

responded that models were visuals or a design of something. The following day, 

students had the opportunity to draw models for a given compound. One compound 

they were expected to draw was carbon dioxide. The students were provided with the 

compound name, they were required to write the formula and then draw the model 

(see Figure 3.1). 

 
Figure 3.1. Model of compound. The compound is 

       carbon dioxide. 
 

The following day students were to be allowed the opportunity to conduct an edible 

marshmallow lab during which they would build models of elements and compounds 
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using marshmallows and toothpicks. Ms. Smith denied the students this opportunity 

due to behavioral issues and punished them by removing the lab activity from her 

lesson. She then transitioned to a video on physical and chemical changes and 

properties. Similarly, students were denied the opportunity to conduct a lab testing the 

physical properties of minerals and also a lab for evidence of chemical changes such 

as production of a gas. Due to the absence of inquiry lab investigations and students 

rarely having authority to engage in discourse, small group instruction was conducted 

by the researcher with the ELLs only during tutorial periods.  

 Interviews. Interviewing was another data source collected within this study. 

As mentioned previously grand-tour and mini-tour observations described by Spradley 

(1979) formed the basis for developing interview questions in addition to depth and 

specificity. Seidman (2006) describes, a basic assumption, “interviewing research is 

that the meaning people make of their experience affects the way they carry out that 

experience. To observe a teacher, student, principal, or counselor provides access to 

their behavior. Interviewing allows us to put behavior in context and provides access 

to understanding their action.” (p.4) It is important that the behavior observed in a 

school setting such as a 6th grade science classroom be put into context in order to 

understand and interpret meaning as the actors within the setting construct it to 

represent a meaningful reality that is conducive to learning science through inquiry.  

Seidman (2006) also suggests the use of structured and unstructured interviewing. 

Structured interviewing involves more preset, standardized and normal closed 

questioning while unstructured interviewing is more open-ended. However, most 
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common is the semi-structured interview that is guided by a set of basic questions and 

issues to be explored, but neither the exact working nor the order of questions is 

predetermined (Merriam, 1998). As interviewing progresses throughout the 

interviewing process, questions that allow the participant to reflect on meaning should 

be asked as suggested by Seidman (2006). Based on meaning communicated from the 

informant, further open-ended questioning may take place based on issues explored.  

 Semi-Structured Interviews. For this study the researcher implemented a four 

by three interviewing design for the data collection process. In other words, each 

participant was interviewed three times and since there were four ELL participants a 

total of 12 semi-structured interviews were conducted, one at the beginning of the unit, 

another at the middle and one towards the end of the unit. Each semi-structured 

interview lasted anywhere between five to 25 minutes with interviews two and three 

lasting close to an average of 20 minutes in comparison to semi-structured interview 

number one. These interviews were semi-structured due to the fact that the interview 

protocols were specifically related to their model constructions, yet open-ended in the 

manner for which ELLs explained their models. Questions like, “What is your claim 

or your hypothesis?” or “How do you use models in science?” were asked (see 

Appendix A). 

Focus Group Interviews. Two focus-group interviews were conducted at the 

beginning and end of the unit with Andrea, Barbara and Cynthia. The semi-structured 

interviews were conducted in order to build on the participants’ perspective on 

modeling and argumentation through an SFL approach for an initial and final focus-
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group interview. The first focus group interview was conducted immediately after one 

model construction and introduction to models and explanations in science. These 

interviews lasted between 20-22 minutes in length and took place during scheduled 

tutorial periods with these three students. A second focus group interview was 

conducted at the end of the unit on matter and after all three semi-structured 

interviews were conducted. At this point, students had been exposed to multiple 

opportunities to practice constructing models and explanations to support their 

arguments during the final focus group interview. Thus a total of 14 interviews were 

collected for this study and transcribed for analysis, 12 semi-structured and two focus 

group interviews. Roberto was not included in the focus group interview as he was not 

exposed to model based instruction to argue explicitly using the CER framework. 

 Documents and Records. Other data sources collected for this investigation 

included documents and records. These included three types: 1) records, 2) personal 

documents and 3) physical material or artifacts.  Guba and Lincoln (1981) refer to 

official records as traces of an event happening and some record of it existing. 

Examples include data from statistical data bases like the Center for Educational 

Statistics or data available through state education agencies. Personal documents, on 

the other hand, “refer to any first-person narrative that describes an individual’s 

actions, experiences, and beliefs” (Bogdan & Biklen, 1992, p.132). Examples include 

letters, journals, diaries, scrapbooks, photo albums, etc. “Personal documents are a 

reliable source of data concerning a person’s attitudes, beliefs, and views about the 

world” (Merriam, 1998, p. 116). These data sources inform the researcher of the 
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participants’ personal perspective. The third type is physical material or artifacts. 

These consist of physical objects as physical traces found within the study setting for 

potential sources of information. Artifacts are often referred to as mute material 

evidence. Specific interest in physical materials or artifacts would be to note what 

Merriam (1998) refers to the erosion or accretion of the artifacts used within a science 

classroom.  

 Proficiency Level Records. Records collected for this study included TELPAS 

(Texas English Language Proficiency Assessment System) proficiency ratings for 

each ELL participant. These were collected at the beginning of the unit and were 

collected only once, due to the implementation of one sole unit and the low probability 

of that implementation increasing their proficiency level. Another record collected 

prior to the start of the unit was their 5th grade STAAR (State of Texas Assessments of 

Academic Readiness) assessment data in order to identify achievement by each 

standard included in the unit on matter. Since 6th grade is not a testing grade for 

STAAR, assessment data when ELLs while in 5th grade were collected and only 

collected once.  

District Benchmark Assessments. Other records collected consisted of student 

performance assessments during the entire unit on matter. When students were 

assessed by the teacher, copies of these assessments were collected for all four 

students for the duration of the unit. In addition two district benchmark assessments 

were collected for the unit of study on matter during the first six-week and the second 

six-week periods. Other records collected were the teachers’ lesson plans as these 
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documented the events that should have taken place during the teaching of the unit. 

However, these were not provided by the teacher. On the other hand the lesson plans 

were obtained from attending the science planning periods. Copies were made by 

other teachers and provided to the researcher and the teacher.   

 Science Notebooks. ELL science notebooks were collected as personal 

documents. Since personal documents reveal subjective information regarding the 

informant’s actions, beliefs and views about the world, these were collected as the 

practice of modeling and arguing from evidence is very subjective in how ELLs 

viewed aspects of the world and natural phenomena. In their notebooks, ELLs were 

expected to create explanations for their own data collection in support of established 

claims and hypotheses set to explain and evaluate their models. Their notebooks 

included arguments created in support of their models. Thus, collection of their 

science notebooks were collected as personal documents for the duration of the unit 

for Andrea, Barbara and Cynthia. The science notebooks also served as storage for 

resources provided by the researcher with reference to model constructing and the 

CER framework. In this manner, the three students always had access to resource 

materials provided through the model-based instruction. 

 Models. Finally, all four ELLs constructed four different models for this unit 

and these were collected as personal documents. The models consisted of four 

different constructions in relation to classifying matter and identifying physical and 

chemical changes in matter. The model constructions were physical constructions or 

physical models, visual models in the form of drawings, verbal models or a 
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combination of verbal/visual models. With each model the ELLs were expected to 

make some form of claim or hypothesis. The researcher presented the students with a 

question and through a model construction they offered a response to the question in 

the form of a claim. In addition, ELLs represented their own individual conceptual 

understanding of their claim through collection of relevant evidence to include in their 

model to support their claim. Finally, through the application of scientific principles 

ELLs engaged in reasoning to make arguments to justify how their evidence supported 

their claims and whether their models captured this type of representation after 

reasoning through the application of scientific principles. ELLs were allowed to 

represent their models in a visual, verbal, or material manner. Other modes of 

representation include virtual, gestural, or mathematical modes of representation. 

However, for this study students were provided only the first three choices as the 

technology and mathematics background knowledge was never expected to be 

included as part of the instruction implementation. The gestural modes of 

representation do not yield a physical product, however ELLs were allowed gestural 

modes of representation when explaining their physical production in the verbal, 

visual, or material modes.  

 Oral Explanations. Oral explanations were captured via audio recordings 

during advisory periods and lunch/morning tutorials with each student and through 

semi-structured interviews. Explanations by Andrea, Barbara and Cynthia involved 

utilizing the CER framework in which ELLs were expected to first make a claim. This 

was accomplished by providing a statement that was an answer to a specific question 
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in which the content was related to the unit on matter. An example of a question by the 

researcher was “Are mineral 8 and mineral 13 the same substance?” In this instance, 

the claim made by the student could either be that both minerals are the same or they 

are not the same substance. The second component of their explanation was to 

highlight the evidence that supported their claim. For example Andrea might say that 

mineral A and B are the same substance because from her observations, she sees that 

both minerals are black in color and because of this she concludes that they are the 

same substance. Finally a third component to explanations would be the reasoning 

component through which an application of a scientific principle engages the student 

in higher order thinking to apply in-depth and abstract conceptual understanding and 

provide a justification linking the evidence selected that supports their claim. These 

oral explanations were collected through extensive questioning by the researcher with 

each student individually. Oral explanations were audio recorded and transcribed for 

analysis. All four ELLs provided one oral explanation for each model construction. 

Thus, a total of four explanations per student for a total of 16 oral explanations were 

collected.  

 Written Explanations. Explanations in the written language mode were much 

more challenging for students due to the more challenging cognitive ability in the 

language skill of writing. Due to the challenge encountered by the researcher in 

getting students to write their explanations using the CER framework, more language 

practice in the oral language mode was necessary to allow for language practice before 

constructing explanations in writing. As a result of this challenge in writing skills only 
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two student written explanations were collected, one guided by the researcher and one 

written independently by each ELL.  

Researcher’s Journal and Field Notes. Due to the researcher’s role as 

complete participant a researcher’s journal and field notes were kept and recorded as 

data sources for the study. The researcher’s journal was utilized to capture the 

researcher’s process as complete participant within the setting, events, processes and 

interaction with participants. Field notes were utilized to supplement observations and 

interviews by time and date. The researcher’s journal and field notes were utilized 

from the time of entry into the setting until exiting the setting. In addition the 

researcher’s journal and field note entries guided and assisted the researcher through 

the coding process during the analysis. This includes documented journaling and field 

notes for the duration of the unit (30 days) and 5 days prior to the start of the unit as 

the researcher was gaining entry into the setting. The researcher’s journal and the field 

note entries also guided the researcher through the complete analysis and 

interpretation of data.  

Data Analysis Approach 

 For analysis of the data the researcher employed the constant comparative 

method where the process of reviewing evidence with an assertion in mind, revising 

the assertion in light of evidence, and reviewing the evidence again was conducted 

(Glaser & Strauss, 1967). Goetz and LeCompte (1981) describe it as a strategy that 

combines inductive category or theme coding and simultaneously comparing all of the 

social incidents observed. A comparison across established categories or themes 
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occurs and discovery of relationships between these are classified and recorded in 

light of collected evidence. Ongoing comparison further refines those categories or 

themes and relationships established for hypothesis generation. According to Merriam 

and Tisdell (2015), the overall process of data analysis begins by identifying segments 

in the data set that are responsive to the research questions in mind and they call this a 

unit of data that can exist in its simplest form as a word or phrase from a participant to 

describe a feeling or a phenomenon or it can be several pages of field notes that 

describe a particular incident. Lincoln  and Guba (1985) state “the unit must meet two 

criteria – 1) it should be heuristic meaning that it should provide information relevant 

to the study and 2) it must be interpretable in the absence of additional information 

other than a broad understanding of the context in which the inquiry is being carried 

out” (p. 345). These units of information are then constantly compared against or with 

one another and organized into categories through constant comparison.  

Data Management Plan 

For this study data collection spanned from a period of 30 days. Initially the 

study was expected to only last between 12-17 days. A couple of circumstances set the 

stage for a need to add to the setting from which the data was collected. One of the 

circumstances was the teacher’s control over student talk in the classroom. The 

science teacher, who will be given the name Ms. Smith from this point forward, rarely 

allowed students opportunities for oral language practice. During 15 observations in 

her classroom the students were allowed to think-pair-share three times for a short 

duration between 1-3 minutes. A second circumstance was that Ms. Smith was not 
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exactly following the same scope and sequence as planned in the science planning 

periods with other 6th grade science teachers due to falling behind in daily lesson 

delivery. It was clearly evident through observation that Ms. Smith’s classroom 

management and strict adherence to voice level zero use took time away from 

instruction. As a result, Ms. Smith would not follow the sequence of the curriculum as 

planned and often times would not cover critical material from the curriculum in an 

effort to catch up with the remainder of the 6th grade science teachers. Due to these 

circumstances, and given the purpose of this study centered on student discourse, the 

school principal allowed the researcher to implement the instruction innovation with 

Andrea, Barbara and Cynthia during tutorial sessions outside of science classroom 

time. Since Roberto was not exposed to the model-based instruction, the researcher 

kept conducting classroom observations to collect data on class content, lesson 

delivery and classroom structure in Ms. Smith’s class.  

As a result of the mentioned circumstances, both classroom and small group 

observations were conducted. However, classroom observations informed the 

researcher of the type of content knowledge ELLs selected from the science classroom 

to share in small group observations, interviews and to interact with the researcher in 

general. Thus, collecting evidence from two different settings, yet similar in that they 

are both learning contexts for science learning, lead the researcher to find similar and 

different elements to learning and student engagement between the two settings. 

Regardless, the greater emphasis of this analysis and management of the data was 
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placed on how model-based instruction influenced ELL engagement in modeling and 

arguing from evidence and how they responded to it.  

Data Analysis 

Researcher’s Step-by-step Process 

Merriam & Tisdell (2015) offer a step-by-step process to guide analysis in 

qualitative research. These qualitative researchers first suggest researcher place into 

perspective the purpose of the qualitative study. Secondly, it is suggested to think 

about the epistemological framework being utilized and for the researcher to look 

through that lens. Given that this study utilizes a constructivist-interpretative paradigm 

and how people construct knowledge or make meaning, the researcher looked through 

this lens for conducting the analysis. 

Step three consists of organizing and preparing the data for analysis as it is 

collected. This was accomplished by immediate transcriptions of interviews, scanning 

of documents and artifacts, cataloguing, sorting and arranging the data into different 

types depending on the source of information. Coding of the data begins by focusing 

on patterns and insights related to the purpose of the study and the theoretical 

framework used. This step is referred to as open coding (Merriam & Tisdell, 2015). 

Once open coding begins, then constant comparison between codes or units is 

conducted for the construction of categories or themes. For this study the researcher 

created categories supported through multiple open codes and organized into themes. 

Merriam & Tisdell’s (2015) fourth step involves identifying emerging themes from the 

data, potential answers to the research questions. For this study the researcher treats 
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themes as more abstract constructs of interpretation only after thick description of 

codes and categories through the theoretical lens of a constructivist-interpretative 

theoretical framework that gives voice and meaning of constructed realities to the 

participants. Only after thick description of the units of data and established 

relationships between codes to generate categories can abstract constructs of 

interpretation be identified in the form of recurring themes that are fully and 

exhaustively supported by the data. This would be step five, ensuring that all 

categories and themes are supported by individual bits of data. The final step is to do 

this recursively and repeatedly through constant comparison. Steps three through six, 

while listed linearly are not followed in this manner. It was a constant circular and 

non-linear process where codes were established and when data did not fit the coding 

process, renaming of codes or properties of codes changed as the researcher continued 

scanning data sources through the constructivist – interpretative epistemological 

framework. Creswell (2007) suggests a seventh step which consists of establishing 

validity and reliability. Recursive data analysis through constant comparison will 

accomplish just that. Lincoln and Guba (1985) prefer the terms credibility, 

transferability, dependability and confirmability which is discussed later. 

Computer Assisted Data Analysis 

The use of ATLAS.ti, a CAQDAS (Computer Assisted Data Analysis 

Software) qualitative software program allowed sorting and organizing of data for 

coding, triangulation and identifying points of researcher member checking with 

participants for referential adequacy. It is noted by Bogdan and Biklen (2011) that 
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“assisted” is operative because “the computer program only helps as an organizing or 

categorizing tool, and does not do the analysis for the researcher” (p. 187). Gibbs 

(2013) concurs that a major function of this type of software is to assist with 

organizing the analysis only and not conducting the analysis. Systematic labeling of 

data organized by date, source, codes, and themes created an audit trail of how the 

data was coded, organized, categorized, reviewed and revised through the process of 

recursive data analysis. ATLAS.ti indices of codes saved by date also assisted the 

researcher in creating an audit trail with the formation, revision and renaming of 

codes.  

Trustworthiness 

Credibility 

Lincoln, Lynham & Guba (2011) suggest conducting activities within the data 

collection and analysis part of the investigation to establish qualitative credibility 

through the use of strategies. Credibility is established through prolonged engagement, 

persistent observation, triangulation, peer debriefing, negative case analysis, 

referential adequacy, and member checking. Throughout this study persistent 

observations served to guide how questions during the interview process were 

formulated to conduct member checking for the accuracy of participant perspectives 

and constructions of meaning. Credibility was also established through the sorting and 

synthesis of data by unitizing bits of data from all data sources and creating coding 

indices for triangulation in support of categories and emerging themes.  
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Triangulation. Credibility is most commonly and best established through 

triangulation. Triangulation is a method through which two or more measurement 

points enable convergence on a site or a finding. Denzin (1978) proposes four 

different types of triangulation, 1) the use of multiple methods, 2) the use of multiple 

sources of data, 3) multiple investigators, and 4) the use of multiple theories to 

confirm emerging findings. This study employs the triangulation types of multiple 

methods and multiple sources of data the most. Peer debriefing through multiple 

investigators is another triangulation strategy utilized in this study. Lincoln & Guba 

(1985) define peer debriefing as the “process of exposing oneself to a disinterested 

peer in a manner paralleling analytical sessions and for the purpose of exploring 

aspects of the inquiry that might otherwise remain only implicit within the inquirer’s 

mind” (p. 308). As the analysis unfolds, triangulation types utilized are made explicit 

for congruency of research findings.  

Dependability & Confirmability 

 The establishment of qualitative dependability and confirmability depends on 

replication with the assumption being that repeated application of the same 

methodology and analysis with the same participants and under the same conditions 

will yield similar measurements. Guba & Lincoln (1989) refer to this type of 

consistency as dependability and can be established by creating a dependability audit. 

Through dependability audit a researcher must make it possible for an external check 

to be conducted. This is accomplished by creating an audit trail that provides 

documentation and a running account of the process of the inquiry (Guba, 1981). This 
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study established dependability through the creation of the audit trail mentioned 

previously as the analysis is conducted in addition to the process of inquiry and 

documented through the researcher’s journal (see Appendix B for Audit Trail). 

Similarly, due to the rigorous process of recursive analysis, coding of data should also 

be dependable and consistent. Gibbs (2007) suggests several procedures for ensuring 

consistency in the coding of data. One is to ensure there is no drift in the definition 

and meaning of codes. This was prevented from happening in this study by constantly 

comparing data and writing memos about the codes and their meanings using the 

ATLAS.ti memo and code description functions. Transcripts were also checked to 

ensure there were no mistakes made during the transcription process. Several errors 

were identified and corrected. Peer debriefing was utilized to uncover researcher 

biases in the formation, organization and sorting of codes, categories and themes. In 

essence, dependability was established through triangulation, peer debriefing and the 

creation of an audit trail for consistency and to concur that the data collected were 

consistent and dependable.  

Transferability 

 Lincoln and Guba (1985) suggest the notion of transferability, where “the 

burden of proof lies less with the original investigator than with the person seeking to 

make an application elsewhere. The original inquirer cannot know the sites to which 

transferability might be sought, but the applier can and do” (p. 298).The investigator 

provides descriptive data that is sufficient to make transferability possible. In this 

study, transferability is made possible through rich, thick description and rigor in the 
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researcher’s description of the setting, its participants and detailed description of the 

findings with adequate evidence from multiple sources and through triangulation. 

Lincoln & Guba (1985) state, “thick description of the sending context so that 

someone in a potential receiving context may assess the similarity between them and 

the study” (p. 125). Thus, rich and thick description of the findings in this study allow 

the design used and findings be made transferable to other studies.  

Trustworthiness 

 Finally, all of the above mentioned techniques serve to establish 

trustworthiness. Establishing credibility through three different triangulation types – 

multiple methods, multiple sources, and multiple investigators in the form of peer 

debriefing – helped establish trustworthiness in this study. Through persistent 

observation in the research setting, prolonged engagement, peer debriefing, and 

referential adequacy and triangulation the study establishes credibility and 

trustworthiness. Dependability and confirmability through inclusion of an audit trail 

for consistency and dependability of findings also played a role in establishing 

trustworthiness. Finally through rich and thick description, transferability is made 

possible to other studies by making the context clear to the receiver and each 

researcher make transferable findings from this study to their own studies and 

research. Finally, a researcher’s journal and extensive field notes kept throughout this 

investigation served as reflection tools to question moments of biases which were also 

uncovered and addressed through peer debriefing.  
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 Therefore, a constructivist-interpretive paradigm allowed for a more 

appropriate interpretation of the elements that comprised the investigation of the 

setting, the type of instruction taking place, the type of learning taking place, 

implementation of inquiry practices such as modeling and argumentation through an 

SFL approach, seating arrangements, and how these elements created equal 

opportunities of learning for ELLs. With a recent shift in science research and the 

release of the NGSS aligned with the CCSS, science literacy is promoted and places 

high linguistic and content specific demands on students, and even greater ones on 

ELLs. All students are expected to engage in more scientific and engineering practices 

as they occur in the real world. Persistent gaps as shown by national and state data 

have shown that ELLs are underperforming academically in comparison to other 

student groups. Thus it was of utmost importance to investigate how implementing 

this instruction innovation centered on inquiry practices through an SFL approach 

influenced how ELLs learn science and demonstrate how this implementation met the 

linguistic and academic needs of ELLs. 

Summary 

 A case study design is employed through a constructivist-interpretive paradigm 

to implement model-based instruction through a functional approach to four ELLs. 

The model-based instruction calls for collection of specific sources of data to be 

collected. These included grand-tour classroom observations to explore the classroom 

setup and structure of a sixth grade science classroom. Through mini-tour observations 

the researcher takes the role of complete participant to interact with the ELLs to 
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implement model-based instruction. Documents collected were artifacts as model 

constructions, oral explanations for their models and written explanations. TELPAS 

records were collected to determine students’ proficiency levels. Trustworthiness was 

established through credibility, dependability, confirmability and transferability. 

Credibility was established through persistent observation lasting 30 days, prolonged 

engagement, triangulation through multiple sources, peer debriefing, referential 

adequacy. An audit trail supplements the study for dependability and confirmability. 

Transferability is established through thick description of the setting and the findings. 

A recursive data analysis plan was employed to conduct the analysis.   
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CHAPTER IV 

FINDINGS 

Classroom Observations 

 The researcher attended the science classroom on a daily basis for 15 

consecutive instructional days where all four ELLs received science instruction from 

Ms. Smith. In addition to attending the 15 instructional observations, the researcher 

also attended 15 science planning periods with Ms. Smith in which curricular scope 

and sequence was discussed, lesson plans shared amongst teachers and the researcher, 

formative assessments planned and shared, and discussion of effective activities to 

utilize to cover specific content. The unit on matter specifically involved the Texas 

Essential Knowledge and Skills state standards. The following TEKS were included in 

the unit of interest. 

 Matter & Energy. The student knows the differences between elements 

 compounds. The student is expected to: 

 6.5 C Differentiate between elements and compounds on the most basic level. 

 6.5 D Identify the formation of a new substance by using the evidence of a  

 possible chemical change such as production of a gas, change in temperature, 

 production of a precipitate, or color change. 

(19, Texas Administrative Code, Chapter 112.18 (b)(5), 2009) 

Due to the circumstances of having to implement the instruction innovation during 

scheduled tutorial sessions and an extension of the duration of the study, TEKS from 
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the next unit were also included. Listed below are the TEKS included for the entire 

duration of the study in addition to the two listed above.  

 Matter & Energy. The students knows matter has physical properties that 

 can be used for classification. The student is expected to: 

6.6 B Calculate density to identify an unknown substance 

 6.6 C Test the physical properties of minerals, including hardness, color, luster 

 & streak 

(19, TAC,Chapter 112.18 (b)(5), 2009) 

Classroom Observation Findings 

Classroom Management 

 The most discernible finding from the science classroom observations was the 

teacher’s lack of classroom management through control over student discourse. 

During all 15 classroom observations there were 78 instances in which the teacher re-

directed students continuously to the appropriate voice level in the classroom which 

was zero. A voice level of zero is equivalent to having no authority to speak. Out of 

these observations, the teacher granted students authority to speak through a think-

pair-share activity only three times, once to think-pair-share with their shoulder 

partner about the evolution of a gas.  

A second opportunity for language practice was provided by the teacher where 

students were asked to do a card sorting activity with different minerals paired up with 

their physical properties. Students were then asked by the teacher to explain to their 

partner why they had paired the minerals in the manner they did. Ms. Smith soon 
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thereafter rushed the students to finish their card sorts so they could do the explaining 

on their own. On a third occasion she allowed students to talk in order to activate prior 

knowledge on some of the physical properties of minerals. All other times students 

were expected to maintain a voice level of zero.  

In addition to controlling student talk and the teacher constantly reminding 

them to use voice level zero, about 50% of the time this was accompanied by a 

warning for punishment, removal of privileges or issuance of behavioral warning 

cards and referral forms to the parents. While the teacher warned the students 

continuously, students continued to talk. Ms. Smith followed through on her warnings 

only six times in some form of punishment. One punishment was the opportunity to 

conduct an edible lab investigation with marshmallows to differentiate between 

elements and compounds. Due to students talking and not listening to her instructions, 

she removed the privilege of conducting a lab investigation. Thus, due to the teachers’ 

poor classroom management opportunities for inquiry and language practice were 

removed as punishment for not following the teacher’s proper voice level. However, 

the voice level was always zero. Thus, her classroom management did not include the 

use of learning and behavioral expectations or routines and procedures that were 

conducive to student engagement in inquiry & discourse practices. On the contrary, 

punishment removed inquiry activities such as lab investigations or discourse practices 

such as providing language opportunities for student interaction. She would not 

overlook inconsequential behavior and as a result there were many unnecessary 

disruptions during instructional time. 
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Classroom Activities and Strategies 

 Classroom observations also revealed patterns in the types of strategies or 

activities utilized by Ms. Smith to engage students in thinking. The teacher frequently 

offered acronyms or mnemonics as recall strategies to recognize and memorize the 

five different evidence types to look for in a chemical reaction. The teacher offered the 

acronym CGLTP which stands for City Girls Love Their Phones. Each first letter of 

the mnemonic phrase stands for one evidence type of a chemical change in a chemical 

reaction. These include color change, production of a gas, light, temperature change 

and the formation of a precipitate. In addition to mnemonics offered as a recall and 

memorization tool, Ms. Smith also offered analogies to help students recall procedural 

tasks such as calculating density. For example, she offered students the visual below:  

  I      Density  

This visual was offered as a recall tool for students to memorize the formula for 

calculating density which is mass divided by volume. The top of the heart above the 

division symbol resembles an M for mass in the numerator of a fraction. Likewise, the 

bottom of the heart below the division symbol resembles a V for volume in the 

denominator of a fraction. She also utilized analogies such as filling a bath tub with 

water and sitting in it to explain how the water rising is an example of water 

displacement. While the bath tub example was an anchoring example that relates to 

personal experience with water displacement the mnemonic and the visual were not so 

clearly anchoring examples and were only offered as tools for memorization and recall 

but were absent of conceptual understanding or context. Additionally, many of the 
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activities in class consisted of watching videos, singing songs about the elements to 

fill in a formative assessment, taking notes in their notebooks and creating foldables 

for physical/chemical changes and properties.  

Teacher Content Knowledge 

 There were several instances of coding in which the teacher was unsure of 

content. For example, in one instance the teacher made reference to reactions 

absorbing heat and feeling warmer and then retraced her thoughts and asked the 

researcher if endothermic felt hot or cold. In multiple instances the teacher used 

unclear language or language that could lead to the formation of misconceptions. One 

such example included how the mixing in two substances in a glow stick create light 

instead of stating in specific language that the chemical combination of two substances 

release energy in the form of light. During another instance Ms. Smith informed 

students that one cannot order substances that have the same density. While equivalent 

densities cannot be ordered in descending or ascending order, they can be ordered as 

equivalents and if all three substances are equivalent, it is most likely that all three 

unknown substances are the same substance since they share the same exact density. 

Reference to the identification of an unknown substance was never made by Ms. 

Smith. She also constantly made reference the mnemonic CGLTP when covering 

content related to chemical changes. She made it a point to always ask “what phrase 

do we use to determine if a chemical change has occurred?” As a result, students 

always responded with the mnemonic and the teacher would follow with the symbolic 

representation of each letter in the mnemonic all over again. The teacher made 
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reference to the acronym so many times that, as researcher, inadvertently used this as a 

recall strategy during tutorial session twice.  

 Teacher questioning found in the data was characteristic of close-ended 

questions. Examples of such questions included, “What phrase do we use to determine 

if a chemical change has occurred? Is fizzing an example of a gas release? What does 

O stand for? What does C stand for?” Her questioning was low level, absent of the 

need for critical or higher order thinking by the students. In addition, the teacher 

evaded answering questions in unfamiliar content areas. One student asked why the 

suffix of –ide was added to chloride in sodium chloride and carbon dioxide. The 

teacher refused to answer by stating “This you will learn later in chemistry. Later, 

later, later. You don’t need to know why it is –ide. Does that make sense? It’s too 

confusing and it will not make sense anymore.” This statement was offered as students 

were learning about nomenclature common compounds such as sodium chloride, 

carbon dioxide, calcium carbonate for which they also wrote chemical formulas. A 

simple focus to the number of chlorine atoms and oxygen atoms could have offered 

students at least some understanding for the name change from chlorine to chloride.   

Science Planning Observations 

 During the science planning observations it was decided and agreed upon that 

the TEKS covered in the unit would be 6.5 C & D and 6.6 B & C as mentioned 

previously. In observing the classroom teacher and attending the daily science 

planning periods, it was discovered that Ms. Smith was always a day or two behind in 

the scope and sequence of the curriculum in comparison with the other sixth grade 
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science teachers. During planning sessions one of the assistant principals at this 

campus held what she called “data dialogues.” During these dialogues teachers would 

discuss student assessment data and teacher practices to increase student achievement 

in assessed content that yielded low scores. They also strategized on how to increase 

critical thinking skills. These dialogues were also held to identify standards teachers 

felt they taught more effectively and standards they felt were not taught as effectively. 

During these meetings, Ms. Smith participated minimally in the data dialogues and 

other sixth grade science teachers participated more frequently. One observation that 

was striking during these planning periods was the fact that the district provided 

teachers with sixth week assessments beforehand to organize their teaching of the 

standards. It was documented how sixth grade teachers agreed to not fully teach about 

mixtures due to the fact that it would not be tested on district the benchmark 

assessment. On a separate occasion, again they agreed to not calculate density with 

decimals, since decimal problems calculating density were not a part of the district 

assessment.  

Model-Based Instruction Implementation and Findings 

 The most critical data collection took place through the implementation of the 

model and argument based instructional innovation with ELLs using a functional 

approach to language use. During the implementation with Andrea, Barbara and 

Cynthia each constructed four models that were supplemented with four oral 

explanations, one for each model construction respectively. Two written explanations 

were also constructed by each ELL. Model-based instruction included the use of 
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linguistic and procedural scaffolding that supported content understanding, higher 

order thinking skills and critical thinking skills through questioning by the researcher. 

Linguistically, ELLs were explicitly introduced to the CER framework for which an 

explanation, whether oral or written, had to include a claim, evidence, and reasoning 

through the application of scientific principles.  

The scientific principle that connected and interrelated all four standards 

within this unit was that of particle arrangements and motion determining the chemical 

composition and properties of matter. Since energy was not a large or obvious part of 

this unit, this principle was reduced of particle arrangement or structure determining 

the chemical composition and properties of matter. Motion was only discussed as 

kinetic energy when describing the motion of molecules in three different states of 

matter – solid, liquid, gas. All of the linguistic scaffolds were researcher-generated. 

Activities and tasks were developed to support content understanding for the 

informants both through procedural and linguistic scaffolding as content and linguistic 

specific activities. While content and language were developed through researcher-

generated scaffolding tools, they were student-centered in the aspect that the scaffolds 

required extensive student thinking be made explicit in order to complete content and 

language tasks. Each is discussed in depth from implementation to data findings. 

 It is important to mention that during each of the 26 observations with Andrea, 

Barbara, and Cynthia, prior to beginning the instruction of the day, content and 

language objectives were carefully selected and communicated. For each model 

construction each ELL was required to read content and language objectives to 
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document them in their science notebooks. The researcher conducted extensive 

planning prior to implementing lessons. Lab demonstrations were conducted outside 

of the school setting in order to discover and address any gaps in content knowledge or 

misconceptions held by the researcher prior to teaching about the related content. 

Trials of data collection were conducted repeatedly to plan for the best questioning 

that yielded higher order and critical thinking skills. Linguistic scaffolds such as word 

banks were generated to supply students with the key vocabulary and language 

resources necessary to complete linguistically challenging tasks. Concept maps and 

Venn diagrams (accompanied by linguistic scaffolds) were also generated and only 

partially completed by the researcher so that students could complete them 

individually.  

Researcher Instruction 

Models. ELLs were provided the opportunity to construct four different 

models. One specifically dealt with creating a model to differentiate between elements 

and compounds. The second was constructing a model to demonstrate that two 

different minerals were not the same mineral. The third and fourth models consisted of 

drawing models to identify whether a new substance was produced through a chemical 

reaction. In addition to the construction of models students were allowed to explain 

their models orally and in writing. Model constructions and findings are discussed 

next. 

Marshmallow Model. Since the unit began with content on differentiating 

between elements and compounds the first model construction ELLs were allowed to 
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build was a physical model utilizing marshmallows and toothpicks. Prior to beginning 

their model constructions, ELLs were asked to create a Venn diagram to compare and 

contrast between elements, compounds, and mixtures. To complete this task, they 

were provided with a word bank that would help them find the similarities and 

differences between elements, compounds, and mixtures (see appendix C). Table 4.1 

shows each student’s model construction for differentiating between elements and 

compounds along with explanations of their models. Due to photo equipment 

malfunction a sketch of Roberto’s model was documented in the researcher’s journal. 

That image is also included in Table 4.1. Roberto is only allowed to construct the 

models along with the other three ELLs and to explain them orally and in writing. He 

is not provided with the linguistic and procedural scaffolding.  

Marshmallow Model Explanations. Marshmallow Explanations. Table 4.1 

shows the explanations offered by students Andrea, Barbara, Cynthia, and Roberto for 

their model constructions. All students shared commonalities in claiming that their 

marshmallow models included elements and compounds with only Andrea and 

Cynthia including mixtures into their model constructions. There were misconceptions 

in the manner in which students Barbara, Cynthia, and Roberto differentiated between 

elements and compounds. Barbara mistakenly treated the compound of salt or NaCl as 

a compound made up of four different elements representing each letter in the formula 

as a separate element when in fact this compound is made up of only two different 

elements that are chemically combined. However, she did appropriately model water 
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Table 4.1. Marshmallow Model and Explanations. 
ELL and 

Proficiency 
Level 

Model Construction Oral Explanation of Model 

Andrea 

Advanced 

High 

 

 

In my model I have compounds, elements and mixtures. There’s 
compounds because, there’s a compound where it has two different 
colors that are put together cause the toothpick is putting them 
together. My mixture has different kind of stuff in it. Like, it’s not 
put together but like it’s mixed. So I have different elements that are 
mixed together but not together like a compound….Well, it’s an 
element because the marshmallows are the same colors. 

Barbara 

Advanced 

 

 

 
Some of them stand for compounds and some of them stand for 
elements (referring to marshmallows). I was thinking about when I 
was doing a compound like N – A – C – L. So this one is like a 
compound because it had more than one substance and then it 
needs oxygen, I mean like, yeah oxygen, so I was thinking about 
one. Two hydrogen and then oxygen (water). 

Cynthia 

Advanced 

 

 
The marshmallows represent elements, compounds and mixtures. 
This one is an element and this one is a compound. This one’s a 
mixture because mixtures are like, mixed up together and stuff. The 
toothpick is the thing that will hold them together, like compounds, 
and mixture. 

Roberto 

Advanced 

High 

 

 

 
This is the elements because it doesn’t combine with other and if it 
did it would be the same element and this is a compound because 
every marshmallow represents, if it’s a different color, represents a 
different element and the toothpick combines them. 

Compounds 

Mixture 

Elements 

N-A-C-L 
Water 

Elements 

Mixture 
Element 

Compound 

Element Compound 
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or H2O as a compound where two hydrogen atoms are combined with one oxygen 

atom. Barbara made no reference to what the toothpick represented in her model.  

Cynthia made the claim that toothpicks hold compounds and mixtures together. 

In her model she represented a compound by connecting two marshmallows of the 

same color held together by a toothpick. She made no distinction between 

marshmallows of different color. Furthermore, she represented a mixture to be made 

up of different colored marshmallows to represent different elements and held together 

by a toothpick. There is no clear explanation of what the constituents in her model are 

representing consistently because in the mixture she represents different elements by 

different colored marshmallows. In the compound she does not make this distinction. 

She also has the misconception that only compounds and mixtures are held together by 

toothpicks, yet places a toothpick on the item she has identified as element as if it 

should be combined with something else.  

 Roberto explains his model as elements only combining with other elements 

and compounds being a combination of different elements held together by a 

toothpick. The image classified as compound is made up of two different elements 

because there are filled circles representing one element and there are non-filled 

circles representing a different element. The image classified as element is a 

combination of multiple atoms of the same element according to his explanation. He 

states that toothpicks represent what combine elements and compounds. Roberto 

appears to show misconceptions in the chemical combination of compounds versus 

elements. While there are diatomic molecules and allotropes of certain elements, the 
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image classified as element clearly demonstrates Roberto’s misconceptions about the 

general atomic structure between elements and compounds.  

 Andrea demonstrated the more adequate representation in differentiating 

between elements, compounds and mixtures. In Andrea’s explaining of her model she 

makes a couple of statements to make explicit what the model constituents in her 

model are representing. She clearly states that different colors of marshmallows 

represent different elements. She also makes explicit that elements and mixtures are 

not combined by a toothpick, only compounds. To make the distinction between 

elements and mixtures she utilizes the same color of several marshmallows to 

represent an element and a variety of colors mixed together to represent a mixture, but 

in neither representation are the elements combined by a toothpick.  

 Explanations. In addition to holding misconceptions about differentiating 

between elements, compounds and mixtures it was also evident that students hold 

language misconceptions about what constitutes an explanation in science. It is 

evident that students are describing their models more than they are explaining them. 

Their explanations were more illustrative in identifying what their models included 

and what each model constituent represented. As a result of this Andrea, Barbara, & 

Cynthia were introduced to the CER framework and explicitly introduced to what an 

explanation is in science and what the components of an explanation are. The claim 

component was introduced as an answer to a question or and conclusion to a problem 

as defined by McNeill & Krajcik (2008). Evidence was introduced as scientific data 

that supports the claim. All three ELLs were informed that evidence must be 
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appropriate and sufficient in order to fully support their claims. Finally, reasoning was 

defined as a justification that links the claim and evidence and includes the application 

of scientific principles to defend the claim and evidence components. 

Explanations using CER Framework 

 Upon introducing the CER framework to Andrea, Barbara, and Cynthia it 

became clear that students hold certain language beliefs about what an explanation is 

in general. All three students agreed that when you explain something you must 

explain by providing some form of justification. An example of this is in the following 

statements:  

Andrea:  Elements and compounds are different because compounds can 

be broken down chemically; elements can’t be broken down 

because its broken down as much.  

Barbara:  Elements and compounds are different because an element only 

has one symbol and a compound has more the a symbol. 

Cynthia:  Elements and compounds are different because compounds 

cannot be broken to smaller pieces. Elements cannot be broken 

down further then already. 

All three students began their justification with the causal conjunction ‘because.’ 

Understanding of content set aside and the specific type of justification provided by 

the students, they all agreed that any justification begins with the word ‘because’. 

While in every day to day explanation this would suffice as an explanation, it was 

required to make explicit that scientific explanations differ from everyday 
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explanations. Explicit instruction on the discourse patterns around scientific 

explanations was necessary, and for this the CER framework was utilized as a tool to 

learn about the discourse patterns in science to generate scientific explanations. It was 

also necessary to provide ELLs with the appropriate linguistic register by highlighting 

specific language features when establishing claims, when communicating meaning 

about evidence, and when persuading others through arguments and reasoning. 

Discourse Patterns 

 As mentioned previously, ELLs struggled with the components of evidence 

and especially with reasoning. Reasoning was a component foreign to all three ELLs. 

More so, they were unfamiliar with the concept idea of a scientific principle and were 

absolutely uncomfortable with the idea of applying a scientific principle to justify and 

provide a link between evidence and claims. To address the issue, I modeled using a 

personal experience. I asked the question, “Is Ms. Sanchez a science teacher?” I 

provided sentence strips for claims, sentence strips for evidence and sentence strips for 

reasoning. Through the task of sorting, the students managed to come to a consensus 

for the following explanation: 

 Claim:   Ms. Sanchez is a science teacher. 

 Evidence: Ms. Sanchez taught us about physical and chemical changes. 

   I learn about science every day in Ms. Sanchez’s class. 

 Reasoning: Since… I know that… 

For reasoning, the above sentence frame was provided. This was done intentionally, so 

that students could recognize the use of a causal conjunction, such as ‘since’ with the 
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idea that this would facilitate their thinking and allow them to think of a reasoning 

statement. Regardless of this students found it challenging to write a reasoning 

statement as part of their explanation. After extensive researcher reflection it became 

clear that students were lacking the content knowledge for identifying and applying 

scientific principles to provide a justification or reasoning statement as part of their 

argument.  

Scientific Principles 

 Scientific principles were introduced to Andrea, Barbara, and Cynthia as a very 

important scientific idea and were told that these ideas would be difficult to learn. By 

reviewing them on background knowledge on elements and compounds Andrea 

mentioned the idea that compounds are made up of more than one element that are 

“chemically combined.” From this point forward the researcher introduced the 

important scientific idea as understanding how atoms are arranged in elements and 

compounds. The researcher exposed students to different substances such as oxygen 

gas (O2) and water (H2O). Through questioning focused on counting atoms of 

elements in each substance and providing real life examples, students were able to 

perceive that oxygen gas and water were indeed two different substances due to the 

atomic arrangements and their physical properties. The researcher asked if the oxygen 

atom in water shared the same properties as oxygen gas. Attention was paid to the 

states of matter of each, oxygen gas being a gas and drinking water in the liquid form. 

Students were then posed with the following question, “Can you breathe in the oxygen 

in water when submerged in water?” Students immediately realized that because the 
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oxygen is arranged differently in oxygen gas than it is in liquid water, both substances 

have different physical properties, one being their state of matter. From this point 

forward the scientific principle came to be understood as the particle arrangement of a 

substance determining the identity of a substance and when different arrangements are 

observed in different substances, the two will have different physical properties. Thus, 

not only was the scientific principle made explicit but also the type of evidence that 

would be collected in order to provide a justification for an argument, and that 

evidence collected would be the physical properties of substances.  

Linguistic Register 

 In a science classroom register-specific language features within the text are 

necessary to accomplish a social purpose. Within the science classroom these features 

consist of the use of academic technical and abstract vocabulary in addition to specific 

verb, noun and adjectival phrases. Noun groups capture nominalizations of abstract 

processes, such as nominalizing a chemical change as an atomic re-arrangement. 

Attention to specific verb tenses when collecting and analyzing evidence as data in 

support of an argument is necessary. When utilizing the past verb tense to discuss data 

collected as evidence, language signals the task of data collection as a completed task. 

Together, noun, verb, and adjectival phrases communicate tasks specifically and in a 

certain manner. Modality is a linguistic resource within language register for 

presenting claims, enabling the expression or probability, certainty, necessity and 

other meanings. Given that students were challenged by the use of scientific principles 

and discourse patterns in scientific explanations, linguistic scaffolds through a 
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functional approach were provided to enable students to recognize for themselves 

some of the language features in register to construct their explanations. Rather than 

explicitly teaching the students about register, linguistic scaffolds with the appropriate 

register in mind were generated and provided by the researcher. These were provided 

in the form of word banks that were specific to the content related to the task (see 

Appendices C, D & G). 

Mineral Model 

 The second model construction allowed students to explore the different 

physical properties of minerals to make the claim that mineral 8 and mineral 13 were 

not made of the same substance. As documented previously, Ms. Smith covered 

properties of minerals in science class but again denied students the opportunity of 

testing the physical properties of minerals in a lab investigation. The day prior to 

constructing this model, Andrea, Barbara and Cynthia practiced collecting evidence to 

identify an unknown mineral during a session with the researcher. By recording 

evidence as data on a data table, they were able to investigate the properties of 

hardness, luster, streak, and color to determine that the unknown mineral was calcite. 

Using this data collection table and a reference sheet, all three ELLs were able to 

identify the unknown mineral as calcite. Given that ELLs had practiced the day prior, 

they were provided the next day with two different minerals – mineral 8 and mineral 

13. They were both black in color. Their objective was to draw a model to represent 

that mineral 8 and 13 were or were not the same substance. They would do so by 

testing the physical properties of both minerals. Prior to beginning their model 
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construction they had to make a claim. They were provided with the following 

sentence frame, “I can draw a model to represent that mineral 8 and mineral 13 

________the same substance.”  

Students were asked to make their claim whether mineral 8 and 13 were or 

were not the same substance. Afterwards, they were to construct their model to 

represent that both minerals were either identical or the same. In addition students 

were provided with a linguistic scaffold that included necessary language elements as 

part of register to talk and write about minerals and their physical properties in 

addition to making claims, gathering evidence and applying scientific principles (see 

Appendix D). These were pasted by the researcher in each student’s science notebook 

as a resource to utilize.  

 Andrea constructed a t-chart within her model (see Figure 4.1) to highlight the 

differences in the physical properties of mineral 8 and mineral 13. She drew mineral 

13 and mineral 8 on separate sides of the poster paper and began to record her 

observations while testing for hardness using a nail, observing for color, magnetism 

using a magnet, and testing for streak using a ceramic plate. The researcher 

intentionally provided each student with the density and hardness of each mineral. 

Mineral 8 had a density of 5.17 g/cm3 while mineral 18 had a density between 1.9-2.3 

g/cm3. Mineral 8 had a hardness of 6 and mineral 13 a hardness of 1-2. Mineral 13 

varies in density and hardness as there are different allotropes of it that exist in nature. 

Prior to testing the physical properties of both minerals, Andrea made the initial claim 

the both minerals were different substances. 
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Figure 4.1. Mineral Model Construction by Andrea. Student’s true identity has been removed from the poster. Mineral 8 is  
is Magnatite made up of Iron (III) Oxide (Fe3O4) and mineral & 13 is graphite an allotrope Carbon (C).
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After testing for the physical properties, the researcher provided the students 

with an additional piece of evidence, the formula and chemical symbols for the 

minerals. This led Andrea to incorporate into her model that mineral 13 was an 

element and mineral 8 was a compound. In addition she drew atomic arrangements 

based on the chemical symbol for the element and the chemical formula for the 

compound for minerals 13 and 8 respectively. In representing the atomic arrangement 

she drew circles to represent atoms and labeled them with the element symbol. For 

example, mineral 13 was carbon so she drew one circle to represent one carbon atom 

and labeled it with the chemical symbol for carbon, C. She did the same for mineral 8 

which had the chemical formula Fe3O4, drawing four circles to represent four atoms 

of oxygen and three circles to represent three atoms of iron. She offered an 

explanation within her model claiming that mineral 8 and 13 are not the same 

substance, documented through a t-chart to show that both minerals had different 

physical properties and applied the principle of particle (atomic) arrangement to show 

that due to the differences in atomic structure, both minerals would have different 

physical properties and be classified as two different minerals that are not the same 

substance. 

Similarly, Barbara also drew each mineral on opposite sides of her poster paper 

(see Figure 4.2). While she did not construct a t-chart like Andrea she did list the 

properties of each mineral as tested by herself on the corresponding side of her model 

under the appropriate mineral drawing. She also represented density by filling in 
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mineral 8 with many dots representing particles and more density than mineral 13, 

which had fewer dots to represent less density.
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Figure 4.2. Mineral Model Construction by Barbara. Student’s true identity has been removed from the poster. 
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Contrastingly to Andrea, Barbara did not apply a scientific principle to justify why her 

evidence supported her claim. She only stated her claim within the model that mineral 

8 and mineral 13 were not the same substance and justified only by documenting two 

pieces of evidence as relevant evidence in support of her claim, density and hardness.  

Cynthia, titled her model Different. Cynthia also drew images of mineral 8 and 

mineral 13. She also listed some of the properties observed and tested under each 

corresponding mineral. She classified magnetite (Fe3O4) as a compound adequately 

and graphite (C) as an element. She did not explicitly make a claim or mark what 

evidence she selected to support her claim that mineral 8 and 13 are different. Like 

Barbara, she did not apply a scientific principle to include reasoning nor did she 

include any part of an explanation in her model (see Figure 4.3).  

Figure 4.4 includes the mineral model drawn by Roberto. While Roberto was 

not exposed to the model-based instruction on the use of models and arguing from 

evidence, he was provided with the opportunity to test the physical properties of 

minerals along with students Andrea, Barbara and Cynthia. Roberto also drew images 

of mineral 8 and mineral 13 on opposite sides of his poster paper. This student recalled 

from science class that a nail has a hardness of 5 on the Mohs hardness scale and 

decided to include this in his model. He also documented that mineral 8 did not leave a 

streak on the ceramic plate, yet he drew a light streak. He states that the nail does not 

leave powder behind when scratching mineral 8. In other terms, the nail did not 

scratch mineral 8 to show evidence of mineral 8 residues from the scratch. In his 

model he includes the claim, “Mineral 8 is not the same as mineral 13.” 
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Figure 4.3. Mineral Model Construction by Cynthia. Student’s true identity has been removed from the poster. 
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Figure 4.4. Mineral Model Construction by Roberto. Student’s true identity has been removed from the poster. 
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Mineral Model Explanations 

 While Andrea was the only ELL that included a full explanation within her 

mineral model this was accomplished through much scaffolding and use of the 

linguistic scaffold provided in appendix D. Barbara and Cynthia were unable to write 

a complete explanation comprising of the three components – claim, evidence, and 

reasoning. In order to address this, the researcher decided to provide students with a 

partially completed concept map so that together with all three ELLs the group, using 

the linguistic scaffold, could complete the remainder of the concept map. Once the 

concept map was completed using their mineral models an example of an explanation 

was offered by the researcher. As the researcher read the explanation, she asked 

whether students agreed or disagreed with her claim, the evidence selected, and the 

scientific principle applied in reasoning. All three students were in agreement (see 

Figure 4.5 and Table 4.2) for images of the concept map and the scientific explanation 

offered by the researcher. The researcher reflected that students had not been exposed 

to a modeled of scientific explanation with content that was familiar to them. After 

exposure to a researcher generated explanation using their mineral models, students 

appeared to be more at ease. ELLs pasted their concept map and a copy of the 

researcher generated mineral explanation in their science notebooks as a resource.  

Physical and Chemical Changes 

 To teach about physical and chemical changes Ms. Smith had students 

construct a foldable. In one section of the foldable were physical properties, the 

definition, and examples of physical properties. Underneath that folded section were 
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Physical Properties of Minerals Concept Map 

 
Figure 4.5. Researcher-Student Generated Physical Properties of Minerals Concept Map. Items in yellow indicate concept bubbles completed by 
students. Words in red indicate adjectives used to compare physical properties of minerals. Original concept map recreated using Cmap Tools for clarity
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Table 4.2. Researcher Generated Mineral Model Explanation 
Mineral 8 and Mineral 13 Explanation 

Are mineral 8 and mineral 13 the same substance? 
Mineral 8 and mineral 13 are different substances. Mineral 8 is Fe3O4 and mineral 
13 is carbon or C. 
 
The evidence showed that mineral 8 and mineral 13 have different physical 
properties. Both minerals looked black. Both produced a black streak. Mineral 8 
looked metallic and shiny. Mineral 13 looked dull. Mineral 8 is harder and more 
dense than mineral 13. Mineral 8 is made of two or more elements that are 
chemically combined. Mineral 13 is made of only one element.  
 
Since mineral 8 and mineral 13 have different physical properties, I know that they 
are different substances. Mineral 8 is made up of a compound that has 3 atoms of 
iron chemically combined to 4 atoms of oxygen. Mineral 13 is made up of an 
element that has 1 atom of carbon and is not chemically combined to another 
element. When substances have different arrangements, they have different physical 
properties. 

 

physical changes. Similarly on the opposite side of the foldable were chemical 

properties, a definition, and examples of chemical properties. Underneath this folded 

section were examples of chemical changes such as color change, light, temperature 

change, formation of a precipitate and the production of a gas. She rapidly covered 

each example of a chemical change by offering examples without any visual, video or 

lab demonstration. For the formation of the precipitate she borrowed a lab 

demonstration to show students how a precipitate forms when you combine a 

carbonated soft-drink with milk and leave it standing overnight. Students were not 

exposed to the demonstration but only allowed to see the end product, a brown 

precipitate that looked like sand inside the soft-drink bottle. Finally she offered her 

students the acronym CGLTP (City Girls Love Their Phones) as mnemonic to help 

students remember the five evidence types for a chemical change. The following day 

she reviewed students on the five evidence types of chemical changes by also showing 

them videos of each change. Students were then expected to compose an open ended 



Texas Tech University, Magdalena Pando, August 2016 

99 

response. The researcher collected writing samples composed by all four ELLs. The 

writing samples to the open-ended response revealed that all ELLs but Barbara made 

the claim that a chemical reaction did indeed occur (see Table 4.3).  

Table 4.3. Open Ended Response Writing Composition 

Student 

Student Response to the following Prompt 
 
Johnny mixed two unknown substances together. The mixture fizzes and 
becomes cloudy. After a few moments a different color solid forms at the 
bottom of the beaker. Identify if this is a chemical reaction and give two 
pieces of evidence to support your hypothesis. 
 

Andrea 

 
It is a chemical reaction because it changed color. It is also gas because it 
say’s it fizzes. My evidence is that the word City girls love their phone I 
remember and it helps me. 
 

Barbara 

 
it’s using perticipit and color changing also it might as well be using gas 
because it seprates and at the same time its changing and maybe lating a 
little bit of gas. 
 

Cynthia 

 
It is a chemical reaction because like a glow stick there’s something inside it 
and when you snap it it breaks the things then gives it a chemical reaction 
that’s what supports my evidence. 
 

Roberto 

 
It’s a chemical reaction is because it changed color. It also starts being 
cloudy. It also starts to fizz. 
 

 

In addition, all ELLs but Cynthia documented at least two types of evidence, color 

change and production of a gas. Barbara includes in her evidence the formation of a 

precipitate, but has made no claim whether a chemical reaction has occurred. Andrea 

provides color change and production of a gas as evidence and states that the acronym 

CGLTP is her evidence. All four writing samples are devoid of any application of 
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scientific principles or big ideas. Needless to say, the assignment instructs students to 

read the prompt carefully, pay attention to key points in the prompt, determine what 

the prompt is asking, brainstorm by using t-charts, bubble maps or lists to help 

organize their thoughts, answer the question using words from the prompts, support 

with evidence, connect evidence to big ideas, edit/revise, and reread and finalize their 

response that is expected to be a paragraph in length. Ms. Smith gave students the 

remaining five minutes of class to construct their response. She did not read the 

instructions to them nor did she remind them to read instructions. Additionally, during 

all 15 observations, there was no evidence collected where the teacher offered 

language opportunities for writing and opportunities were rarely provided for 

speaking. There was also a lack of evidence in the use of bubble or concept maps, t-

charts, or lists to aid students in organizing their knowledge about content. 

Glow Stick Models 

 It was noted that students recalled the five evidence types for a chemical 

change through an acronym that was not related to content and was out of context. The 

researcher decided to have students construct next a model in which a release of 

energy in the form of light would aid students in understanding this specific type of 

evidence of a chemical change. Recall that Ms. Smith only showed students videos of 

the five types of evidence for a chemical change and one of the videos she selected 

was breaking a glow stick, which emitted light once it was broken. As a review to 

physical and chemical changes, the researcher had students sort out different examples 

of physical and chemical changes and classify them as either physical or chemical. 
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The researcher stressed the idea of identifying whether a new substance had been 

produced through evidence collected for a chemical change prior to allowing students 

to construct their models. Thus, their objective was to construct a model to represent 

that a new substance had formed to answer the question, “Why do glow sticks glow?” 

 Andrea and Cynthia constructed their models during the same tutorial period. 

The researcher had to meet with Barbara and Roberto during two other separate 

tutorials. Regardless, each student was provided with the opportunity to construct their 

glow stick model by conducting an inquiry investigation through observations of a 

glow stick before and after snapping it (see Appendix E). They each provided oral 

explanations and some included written observations, claims and evidence in their 

models as well. Tables 4a and 4b include each student’s oral explanation of their 

model to represent whether a new substance has formed through a chemical reaction 

and provide a response to the question, “why do glow sticks glow?” 

Glow Stick Explanations 

This model yielded the weakest student oral explanations. This model 

construction revealed a misconception students held. The students explained or 

represented in their models that when the two different substances inside the glow 

stick combined they formed a mixture. Andrea drew triangles to represent one 

substance and circles to represent a different substance (see Table 4.4a). She also 

made it clear that substance triangle is inside of a clear inner tube and labels in her 

model that the inner tube is not yellow. After snapping of the glow stick she represents 

a 
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Table 4.4a. Glow Stick Models and Oral Explanations 
Student Glow Stick Model Oral Explanation 

Andrea 

 

 
 

 
The tube inside broke, broken and now there’s two pure 
substances together to make a blue color. The tube was 
keeping them apart (prior to snapping the glow stick) when 
you snapped it, the tube inside have broke and you took 
shaked it for them to mix all together for it to make the color 
all blue. The result was a new color and it was blue. We use 
the evidence to find the chemical change what happened to it. 
It’s like we can see like the color of what happened with the 
gas, or the light, or the temperature. 

Barbara 

 

 
 

 
Two substances combined together to make the new 
substance. They formed light. A chemical reaction happened 
in this experiment. 

Note: See Appendix E for larger images of the glow stick models.
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Table 4.4b. Glow Stick Models and Oral Explanations 
Student Glow Stick Model Oral Explanation 

Cynthia 

 

 
 

 
They like mixtures now. Like they combined so it’s kind of 
mixture. The chemical turn bright green. You can still kind 
of hear it (when shaking broken glow stick). It did break. It 
was kind of hard to break in the stuff. 

Roberto 

 

 
 

 
I think glow sticks glow because inside a capsule is a liquid 
that gets released and once you shake it, it starts mixing 
together with the first liquid you can see.  

Note: See Appendix E for larger images of the glow stick models.
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mixture of circles and triangles in the color of blue due to her glow stick emitting blue 

light and calls this a color change in her oral explanation, without making any 

reference to light. In her model she does write color and light next to the color blue. In 

addition she mistakenly applies the scientific principle of particle arrangement as 

substances now mixed due to their arrangement of being mixed versus applying the 

concept of arrangement as a re-arrangement of atoms in those substances. Barbara 

provides a very short explanation devoid of detail and reasoning. She makes the claim 

that a chemical reaction has occurred due to the combining of two substances. Her 

evidence is that they formed light.  

 Cynthia makes the claim that two chemicals combined and classified them as a 

mixture in her oral explanation. She offers one piece of evidence and that is that the 

chemicals turned bright green. Her model seems to be only a replica of what she has 

observed in a glow stick but no representation of different chemicals in the glow stick 

like Andrea. Roberto provided an exact replica drawing of what he observed. He also 

provided the claim that two liquids mixed and caused the glow stick to glow. None of 

the students clearly provided any reasoning to demonstrate that what occurred was a 

chemical combination and a rearrangement of atoms that formed a new substance 

evidenced by the emission of light in the process as energy was released. The 

researcher observed how the reasoning component proved to be difficult to grasp with 

new content on evidence types for chemical reactions. Thus, the next model 

construction was planned with the intention of making the reasoning component 

explicit with this content.  
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Chemical Reaction Models 

 Given the challenges encountered by students to produce scientific 

explanations that include scientific reasoning with content related to chemical 

changes, the researcher planned to conduct two lab demonstrations for students. One 

was classified as reaction two and the other as reaction three. These were classified in 

this manner since reaction one consisted of the combination of two unknown 

substances during the snapping of a glow stick. Reaction two consisted of combining 

solid baking soda and vinegar in sealable bag. Reaction three consisted of combining 

dissolved baking soda in water and dissolved calcium chloride in water. Reaction two 

consisted of combining a liquid (vinegar) with a solid (baking soda powder). Reaction 

three consisted of combining a solution of baking soda and water with a solution of 

calcium chloride and water (two liquids). The lab demonstrations were conducted by 

the researcher for lab safety with students. Students were enlisted to assist during the 

lab demonstrations and asked to record their observations and construct their model of 

reaction two and three to represent that a chemical reaction occurred and a new 

substance was formed (see Appendix F). Students were allowed to feel the sides of the 

containers and sealable bags for a temperature change observation. For this model 

construction Andrea, Barbara and Cynthia were provided with another linguistic 

scaffolding tool, a word bank to include specific language features such as content-

specific noun groups, causal verbs, relating verbs, observing verbs, abstract verbs, 

content- specific adjectives and other noun and verb groups (see Appendix G). The 
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word bank also includes a visual representation of an object shows the relative density 

in terms of particle compactness. 

Written Explanations 

 For these model constructions, the students were asked to provide a written 

explanation to claim that a chemical reaction occurred. Prior to writing an explanation 

the researcher guided Andrea, Barbara and Cynthia through the construction of a 

concept map for reaction two, baking soda and vinegar. Using the language scaffold 

(Appendix G) provided the researcher placed in the center of their concept map a 

concept bubble with the words baking soda + vinegar. Through extensive questioning 

and utilizing their model constructions for what they observed in this reaction, 

students began creating the links between concept bubbles. Utilizing their models, 

concept maps and their language tools students A, B, and C constructed a researcher-

guided written explanation to make the claim that a chemical reaction occurred when 

baking soda and vinegar were combined. Roberto was not guided by the researcher 

through the creation of a concept map nor was he provided with the language scaffold. 

As a result of this, Roberto only wrote one explanation as the final task for this 

research inquiry for which he was allowed the use of his model construction for 

reaction three. 

 As a final task Andrea, Barbara and Cynthia were asked to create a concept 

map for reaction three without the assistance of the researcher (see Appendix H). 

Along with the creation of their own concept map and the language scaffold provided, 

they were asked to compose a written explanation to make the claim that a chemical 
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reaction occurred when liquid baking soda solution and liquid calcium chloride 

solution were combined. This writing task was completed by these three students 

independently and without any assistance from the researcher. Their writing prompt 

explicitly stated: 

Did a chemical reaction occur? If so, how do you know? Write an explanation 

to answer the question. Be sure to make a claim answering the question and us   

 evidence that supports your claim. Also, be sure to explain why your evidence  

 supports your claim using scientific principles for reasoning. Use your model  

 and thinking map to help you with your explanation. 

The same prompt was provided to Roberto, minus the use of a thinking map or the 

language scaffold. He was only allowed to use his model construction. Table 4.5 

shows each student’s written composition.  

 Andrea and Barbara explicitly wrote what their claim, evidence and reasoning 

was. All students, including Roberto, made the claim that a chemical reaction 

occurred. All of them included evidence of chemical changes such as the production 

of a gas, the formation of a precipitate and a color change. Barbara provided the best 

reasoning component to her explanation by explicitly stating that the properties of 

baking soda and calcium chloride would not be the same as the new substance that 

was produced. Andrea was not as explicit but did write about a difference in physical 

properties. Cynthia and Roberto’s explanations did not include a reasoning 

component. In addition, Roberto provided a justification statement with the acronym 
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CGLTP and sequentially wrote about his evidence. He also classifies his claim as a 

prediction.  

Table 4.5. Calcium Chloride & Baking Soda Written Explanations (Precipitate Reaction) 
Student Written Explanation 

Andrea 

 
Claim: A chemical reation did occured. 
 
Evidence: A chemicall reation did occured because there was a precipitate in 
the bottom was a darker color. There was a also a gas I know it was 
production of a gas because there was bubbles. There was also a color 
because before we mix it it was a clear color but after it was a cloudy color. 
 
Reasoning: A chemicall reation happen under there was a new substance 
formed. The new substance is not baking soda or calcium clorine because of 
the new arrangement of atoms. Also there is different arrangements of 
physical properties. 
 

Barbara 

 
Claim: In my model a chemical reaction happen. And the result was that it 
maid a new substance. 
 
Evidence: What I saw in reaction three was that in my new substance there 
were parcipatate there were little chunk’s in the buttom and top and thats how 
I know that it’s parcipatite also. I saw gas in other words I saw the little 
bubbles of gas there was also a color changed both of them were kind of clear 
but when we combined them together it was a cloudy white. 
 
Reasoning: I know that when 2 or more substance are combined they 
produced a new substance Why? Because when they where first different 
substance they both had different physical properties when combineding both 
of those substances it produces a new reaction to causing it to have different 
physical properties and different chemical changes. 
 

Cynthia 

A chemical reaction did occur because when we mixed the chemicals It turned 
with before one compound was clear and the other one was clear dirty and 
before they was no bubbles but it mixed so then they were bubbles and before 
there were no chunks on the bottom so that’s  my answer and the chunk’s are 
called precipitate. 
 

Roberto 

 
I think a chemical change happened because I used City Girls Love Their 
Phones and I saw bubbles. After I saw the bubbles a little bit of time past then 
after a while somthing started to settla at the bottom and I predicted it was a 
new substance. 

Note: Student explanations include original student version with spelling, syntax, and grammar errors.
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based on evidence he considered from the lab demonstration observation and his 

model construction. 

Discourse Patterns & Language Register 

 It is evident that as Andrea, Barbara and Cynthia engaged in the modeling 

process through inquiry investigations, after being introduced to the CER framework, 

and provided with content and language scaffolding to include the technical language 

and language features to produce scientific explanations, they began moving from 

more descriptive explanations towards more explanatory explanations and arguments 

that included reasoning components. Table 4.6 includes data using the Query tool in 

ATLAS.ti for the frequency of claims made by each student, along with evidence and 

reasoning components included.  

Table 4.6. Claims, Evidence, and Reasoning Discourse Patterns 
 Andrea Barbara Cynthia Roberto 

Claims 62 44 27 14 
Evidence 41 26 22 5 
Reasoning 20 14 8 0 

 

Through observations during the model-based instructional sessions it was evident that 

Andrea and Barbara engaged the most in the reasoning component of constructing 

scientific explanations using the CER framework. While Andrea made more claims, in 

the end and through explicit instruction on the use of scientific principles both Andrea 

and Barbara were engaging in reasoning similarly in quantity, demonstrating that 

ELLs at different proficiency levels are capable of engaging in reasoning when 

provided with the content and language accommodations necessary. Cynthia made 
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fewer claims and engaged fewer times in reasoning. This was due in part to 

misconceptions held by Cynthia. She frequently conceived that when a chemical 

reaction occurs two chemicals combine to form a mixture. She did not conceptualize 

the formation an entirely new substance through a chemical change and the change in 

the physical properties of the products versus the reactants. Instances during which 

Cynthia engaged in reasoning were when the researcher explicitly instructed her to 

address the misconception about elements and compounds having the same physical 

properties as elements that stand alone. Recall how this misconception was addressed, 

the researcher asked all three ELLs if they could breathe in the oxygen in water while 

submerged in water. While discussing density in the three different states of matter 

Cynthia reasoned by counting atoms in compounds and by comparing density through 

particle compactness. Roberto did not reason through the application of the scientific 

principle explicitly taught to Andrea, Barbara, and Cynthia. However, this is not 

indicative that he did not reason in any other manner. 

 The strongest evidence demonstrating the appropriate use of linguistic register 

was that all three ELLs were utilizing the technical and abstract vocabulary required to 

talk about science. Examples included the use of a large extent of sensing verbs when 

talking or writing about evidence using the past tense. Table 4.7 includes examples of 

phrases used to engage in discourse and meaning when it came to evidence. The fact 

that students utilized these language features that form a part of register is evidence 

that students were utilizing the language scaffolds provided by the researcher. In 

addition, the researcher always questioned in such a manner as to get students to 
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utilize their five senses when making observations to collect evidence. A second 

finding revealed that as students made claims they responded to a posed question in 

the present tense. For the reasoning component the use of more causal conjunctions 

was utilized such as because and when.  

Table 4.7. Functional language Evidence for Chemical Reactions 
Sensing verbs 
followed by…. 

Nouns/Verb groups Causal verbs & 
conjunctions 
mostly used 

Verb Tense 

I saw… 
 
 
I heard… 
 
 
I felt… 

…bubbles, chunks, the 
bag inflate 
 
…fizzing 
…it fizzed 
 
…it get colder/warmer 
 
…the temperature 
changed. 

Because, caused, 
produced,  

When talking about 
evidence, students mostly 
used the past verb tense as 
it signals that evidence has 
been collected or observed 
and students are making 
reference to it in the past 
tense.  
 
When talking about 
evidence, students mostly 
used the past verb tense as 
it signals that evidence has 
been collected or observed 
and students are making 
reference to it in the past 
tense.  
 

Note: Andrea, Barbara and Cynthia used language through a functional approach when describing  
evidence and when making claims. Appendix B includes excerpts of evidence observations from 
transcripts for Andrea, Barbara and Cynthia. 
 
Semi-Structured Interview Findings 

 Responses from Andrea, Barbara and Cynthia to semi-structured interviews 

revealed certain perspectives about the concept of models and their purpose in science 

learning. Initial coding of student responses through the first interview revealed that 

students’ concept of a model is as a visual or drawing or something that illustrates. 

Roberto provided what he conceived as a model by offering the solar system and the 

planets as examples of models. Andrea and Cynthia revealed that models are used in 
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science as drawings or illustrations and as visuals to assist with learning. All students 

were in agreement that models help students learn and understand science better. 

Students identified that a model’s constituents should include illustrations, 

keys/legends, color, labels, titles, pictures and words. Cynthia mentioned that they 

should include elements and compounds.  

 Further coding of responses revealed that students hold certain beliefs about 

science learning and language. Barbara shared that learning difficult terms such as 

elements from the periodic table are difficult to learn but that models can help her 

visualize elements and compounds better. Cynthia shared that physical models could 

help her understand terms like dioxide but when asked to explain it could not offer an 

explanation for understanding the term better through the use of models. Roberto 

revealed that the most challenging aspect about learning science is memorizing and 

that models could help him learn science better in regards to this aspect. Andrea stated 

that learning science in English is not difficult because she knew English quite well. 

This clearly showed that Andrea had the language belief that knowing English is 

sufficient to learn science. However, she did acknowledge that visuals or pictures in 

models could help her learn science better. The first semi-structured interview was 

administered prior to having any practice with the modeling process aided by 

procedural and linguistic scaffolding. This first interview was organized in this 

manner to collect findings on initial student conceptions of models and their purpose. 

 The second semi-structured interview was administered after Andrea, Barbara 

and Cynthia had practiced constructing and explaining their marshmallow models to 
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differentiate between elements, compounds and mixtures. They were also provided 

with language practice opportunities to explain their models using the CER 

framework. The concept of models changed from the first interview to the next for 

students Andrea and Barbara They added that a model is not only a visual or an 

illustration but a model also helps explain something. Cynthia and Roberto shared the 

same concept of a model from the first to the second interview by referring to models 

as visuals. When asked about model constituents Andrea stressed that models should 

include explanations. She stated models should have an explanation to tell people 

what it is. When asked what each constituent represented in her model Andrea made 

reference to marshmallows representing the number of atoms of elements in elements, 

compounds and mixtures and the toothpick represented elements in compounds as 

“chemically combined.” Andrea was the only student to state this representation 

explicitly.  

 When asked about how models assisted learning science in English Andrea 

shared that her model helped her visualize what “chemically combined” represented in 

compounds and that they would not be classified as mixtures because of the chemical 

combination. Interestingly for Barbara a model evaluation of her model allowed her to 

recognize that she had represented sodium chloride incorrectly by taking different 

colored marshmallows to represent each letter in the formula NaCl. She came to the 

realization that this compound is composed of only two elements and her 

representation in her model illustrated that it was composed of four different elements 

(see Table 4.1 for Barbara). She commented on how to revise her model to reflect this 
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change. Likewise Cynthia realized that her elements should not have a toothpick 

attached to them since they are not combined to anything else (see Table 4.1 on page 

79 for Cynthia). However, she held the misconception that both mixtures and 

compounds are combined by a toothpick, when in fact “chemically combined” as 

represented by a toothpick should only combine elements together to form compounds 

and not mixtures. Roberto represented elements and compounds held together by 

toothpicks sharing the same misconception as Cynthia only with elements and 

compounds versus compounds and mixtures. 

 Semi-structured interview three revealed different findings in Andrea’s 

concept of models. She stated that models are pictures of chemical reactions because 

you could never see it with your own eyes because its extremely tiny. Andrea 

acknowledged that models do in fact help science learners draw or represent a 

phenomenon that is too small to be seen, such as in the re-arrangement of atoms. 

Barbara and Cynthia both conceived models as tools that helped them learn. Cynthia 

stated, A model is something that helps you do something. It’s a helper. Roberto 

maintained that models are a visual way of learning. Roberto remained consistent in 

his concept of a model from the first to the third semi-structured interview. 

 When asked about learning science in English and the use of models, Andrea 

and Barbara shared that models allowed them to pay specific attention to evidence and 

allowed them to see through their models things that are too small to be seen. Cynthia 

shared that models helped her explain things better by making claims and talking 

about evidence. However, she maintained the misconception that when two substances 
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chemically combine they form a mixture. Cynthia also shared that learning through 

models was motivating because it was fun. She stated, using models makes learning 

funner. 

Focus Group Interview Findings 

 Focus group interviews were purposefully designed by the researcher to allow 

students Andrea, Barbara and Cynthia to explain their models to each other. This was 

also an opportunity to engage in model evaluation by critiquing their models through 

arguments and recognizing how each of their peers represented a phenomenon. 

Through the model evaluation stage of the modeling process students were allowed 

the opportunity to recognize the scope and limitations of their models. The first focus 

group interview held with the three ELLs was after they had the opportunity to 

construct their marshmallow model to differentiate between elements, compounds and 

mixtures. Two findings resulted from this focus group interview. One is that Andrea 

posed an argument to Cynthia that she had chemically combined a mixture that by her 

understanding should only be physically combined (see Table 4.8). The second finding 

is that both students Barbara and Cynthia realized the scope and limitations of their 

models in their representation of differentiating between elements compounds and 

mixtures. In addition they each stated how they would revise their models. Barbara 

stated she would represent sodium chloride with two atoms versus four atoms because 

the compound is only composed of two elements and not four as she has represented 

in her initial model. Cynthia responds to Andrea’s argument and acknowledges she 

must remove the toothpick from her mixture model. However, it is not quite clear that 
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Table 4.8. Focus Group Interview Findings 
Student Marshmallow Explanation Finding Marshmallow Model 

Andrea 

This one shows elements, 
mixtures and compounds. 

They’re like different colors 
and toothpicks represents 
them chemically combined 

together. 

Argument from Andrea to Cynthia: 
 
I think is not a mixture because mixtures 
are not chemically combined they’re 
physically combined together. 

 
Researcher: What in her model 
(Cynthia’s model) tells you that she 
chemically combined them? 
 
Her toothpick. 

 
 

 

Barbara 

That’s my model. What I was 
barely noticing this morning 
is that my compound was 
wrong because I was suppose 
to put 2 atoms of the 
compound because I was 
thinking about salt, but when 
I was thiking about when I 
was doing this one, I was 
thinking about 4 atoms 
instead of 2. 

Barbara 
 Evaluates her Model: 

Barbara acknowledges a mistake she has 
made in her model and considers revising 
her model. The mistake is that that she 
has represented sodium chloride also 
known as salt as a compound composed 
of four different elements instead of just 
two (sodium and chlorine) represented by 
the formula NaCl and not NACL as the 
students has misconceived it. 

 
 
 
 

 

Cynthia This is an element, 
compounds and a mixture. 

Cynthia Evaluates her model:  
 
Andrea’s argument to Cynthia allows 
Cynthia to see the limitations of her 
model because she has chemically 
combined a mixture by combining them 
with a toothpick. She mentions that she 
would remove the toothpick and 
acknowledges she has made a mistake.  

 
 

 

 

Compounds 

Mixture 

Elements 

N-A-C-L 

Water 

Elements 

Mixture Element 

Compound 



Texas Tech University, Magdalena Pando, August 2016 

117 

the student fully understands why she has to remove the toothpick due to her holding 

this misconception throughout the entire study. 

The second and final focus group interview also provided an opportunity for 

Andrea, Barbara and Cynthia to share oral explanations of their models for reactions 

two and reaction three. Table 4.9 includes each ELL’s oral explanation extracted from 

the transcription for the focus group interview. The strongest finding in this interview 

is that all three ELLs were very comfortable in speaking about the evidence observed 

in each lab demonstration with reaction two and three. All three clearly stated that a 

new substance is formed due to evidence of chemical changes observed. An 

interesting finding that all three students agreed upon is that modelers represent from 

different points of view. This was due to the fact that Andrea and Cynthia drew the 

chunks or drawings of a precipitate forming in reaction three at the bottom of the 

container (see appendix F) while Barbara drew chunks at the top of the solution. 

Through the focus group discussion and explaining of models, students agreed that 

they had each observed the chemical changes from different angles, students Andrea 

and Cynthia from the side and Barbara from the top of the container. This made 

Barbara realize that when conducting observations, they should be done very closely 

and from different angles to collect better evidence. Roberto did not participate in the 

focus group interviews. Appendix F includes his model representation for reaction two 

and reaction three.
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Table 4.9. Focus Group Interview 2 Oral Explanations 
Student Reaction 2 Oral Explanation Reaction 3 Oral Explanation 

Andrea 

When Ms. Researcher gave us vinegar and baking soda, we did 
the same thing we put vinegar on one side of the bag and 
baking soda on the other of the bag. When we mixed it the 
temperature had changed, there was bubbles, it was like and 
the color was like cloudy. When we mixed it, you can tell that it 
was maybe like a new substance because there was chemical 
changes. 

So we put baking soda on this side but it’s in 
a liquid form and the compound that we 
don’t know on this side, but when we mixed 
it, it made like, it started bubbling, and 
fizzling and then like precipitate went on the 
bottom. And that illustrates that a chemical 
reaction happened and there was a new 
substance formed. 

Barbara 

Once I had vinegar that was a liquid and the other was baking 
soda but it was a solid. But when we put those two together, 
first it was like kind of gas cause it was in bubbles but then I 
heard it fizzle, fizzle more because you could hear those 
bubbles like pop and when you open like a soda. Then it turned 
to a liquid, and when it turned into a liquid all the bubbles 
popped, so then the bag got filled with gas, but it had liquid. It 
got more colder. It made a new substance. 

Well they both have different densities and 
different physical properties so we know that 
these two are not the same arrangement. So 
when we mix these two together and make a 
new substance that it had a little bit of gas 
and it had partici…that word. So then I 
didn’t hear much fizzle but it change the 
color because one was clearer than the other 
and it got more like a milk color…white 
chunks…a new substance happened. 

Cynthia 

The liquid. And this was the baking soda, a solid. When you 
mix them together it made like lots of fizzling, made the bag 
inflated, with air inside. It got colder, it changed. I heard 
fizzling yeah.  
 
Researcher asked: So you agree that a chemical reaction took 
place with both of these? 
 
Yes because this one started to changing…there was like solid 
there and then it kind of became like liquid. 

Like baking soda, the chemicals of baking 
soda. It was clear. This one’s dirty. When 
you put them together they kind of make, they 
didn’t’ made no fizzling, not that much 
fizzling. Little sounds…there was about still 
little bubbles, not fizzling bubbles but 
bubbles instead, and like, little later I started 
seeing some chunks and there was kind of 
like look more like Barbara said kind of milk. 
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Summary 

Classroom and science planning observations revealed curricular scope and  

sequence. Classroom management was structured to where the teacher controlled 

discourse and student-to-student interaction. Most of the time, the classroom structure 

was teacher-directed with the teacher conducting most of the talking. Classroom 

activities and strategies emphasized rote memorization. Observations also revealed 

misconceptions about content in thermodynamic processes. The teacher frequently 

evaded answering questions in areas of unfamiliar content.  

Procedural and linguistic scaffolding was provided by the researcher. This  

consisted of constructions of four models, four oral explanations and two written 

explanations. Linguistic scaffolding was provided through word banks that highlighted 

the language resources necessary to construct scientific explanations using the CER 

framework. The teaching of scientific principles interrelated all standards covered 

within this unit. Through the gradual release model, the researcher scaffolded and 

modeled activities such as modeling, concept mapping, scientific explanation 

composition and oral explaining. 
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CHAPTER V 

DISCUSSION 

Purpose Of The Study 

The purpose of this study was to explore how instruction focused on the use of 

models and arguing from evidence through a functional approach influenced how ELLs 

learn science by engaging in discourse and inquiry practices. The study also explored 

ELL beliefs about scientific practices such as, modeling and arguing from evidence 

through a functional approach. In doing so this study revealed that students also maintain 

certain beliefs about language. The questions that guided this research were: 

1. How does model-based instruction, through a functional approach to language 

use, influence science learning through inquiry-based and discourse practices 

such as modeling and arguing from evidence? 

2. How do ELL students’ views about learning science through model-based 

instruction change when supported by a functional approach? 

For purposes of conducting this study it was necessary to withdraw from the statement 

view to theories and undertake a model-based view or non-statement view. For this 

reason this study employed a case study design in which the setting would provide its 

participants (ELLs) with a voice to construct a meaningful reality.  

Science Classroom Findings 

 Three themes that are congruent with empirical research resulted from the 

analysis in chapter four. One is that the science classroom teacher experienced 

pedagogical dilemmas as highlighted by research. First, the classroom was not an 
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inquiry-oriented classroom. It was devoid of lab investigations and lacked opportunities 

for students to engage in science discourse practices. The teacher frequently 

demonstrated misconceptions about content, one of them being misconceptions about 

endothermic reactions feeling hot to the touch. While the teacher re-traced her thoughts, 

she frequently sought confirmation from the researcher to confirm her understanding of 

subject content knowledge. The teacher evaded areas of unfamiliar content by refusing to 

answer student questions.  

 A second theme gathered from the analysis was the selection of activities and 

strategies utilized by the science teacher. Not only did the teacher lack subject content 

knowledge, but this influenced her pedagogical knowledge in the selection of classroom 

strategies and activities. The teacher frequently utilized activities and strategies devoid of 

inquiry and centered on the cognitive task of memorization. She frequently utilized 

acronyms and visuals that required students to memorize formulas, such as the formula 

for density, recall the five evidence types for a chemical change through an acronym, 

note taking to utilize as a resource and lists of reference that were expected to be 

memorized by students. Furthermore, the classroom management of the teacher rarely to 

almost never provided opportunities to engage in peer science talk. When students did not 

follow her voice level expectations for speaking she issued multiple warnings and 

punished by removing critical elements from learning such as conducting lab 

investigations. 

 A third theme is that the teacher lacked the language knowledge base necessary to 

provide opportunities for language practices. The teacher never provided any language 



Texas Tech University, Magdalena Pando, August 2016 

122 

discourse patterns to engage any of her students in science discourse nor did she provide 

language scaffolding tools to do so. Through her classroom management, the teacher 

denied ELLs the two conditions that must be met to acquire a second language. These are 

the availability of target language speakers but most importantly, frequent language 

practice opportunities between ELLs and target language speakers. This was reflected in 

her constant use of expectations that reinforced a silent science classroom, devoid of 

inquiry investigations, where teacher controlled discourse. Such pedagogical dilemmas 

influence teacher’s epistemic beliefs about science learning which in turn begin to 

influence how students view learning about science. Students view learning science as 

memorization of facts and view science as absolute. Students have attitudes about science 

being difficult which influences learning and engagement in the science classroom.  

Pedagogical Dilemmas 

 The review of the literature highlights teacher’s pedagogical dilemmas for 

teaching in an inquiry manner as so does this study. One such dilemma is the dilemma in 

pedagogical content knowledge. Shulman (1986;1987) found that teachers’ subject 

content knowledge or lack thereof limits teachers’ ability to create opportunities through 

which students can engage in scientific discourse. Secondly, Aguirre-Muñoz (2016) 

highlights how both linguistics and content knowledge influence teachers’ pedagogical 

content knowledge (Z. Aguirre-Munoz, personal communication, May 25th, 2016). Due 

to a lack in content knowledge and linguistics knowledge, teachers are confronted with 

the dilemma in pedagogical knowledge which affects their decisions and actions utilized 

for incorporating appropriate classroom activities and instruction in addition to 
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organizing classroom management structure. This study revealed the absence of 

discourse and language practice opportunities in a sixth grade science classroom. 

Classroom management was structured to where the teacher maintained control of 

discourse. As a result, ELLs in addition to all other students were denied the opportunity 

to engage in science discourse practices. 

 Carlsen (2007) further adds that discourse is often controlled by a teachers’ 

subject content knowledge and as a result teacher directed discourse tends to privilege 

facts rather than treat concepts in a dialogic and interactive manner. While teacher 

directed discourse limits all science learners it especially limits content and language 

learning opportunities for ELLs as the two conditions to acquire a language are not met – 

1) ELLs should have available speakers of the target language and 2) the setting must 

bring second language learners and target language speakers into frequent contact to 

make learning possible (Wong Fillmore, 1992). This type of controlled discourse also 

results in a statement view to theories as they are attributed universal scope and truth. As 

a result, the absence of inquiry investigations for science learning resolves to 

memorization of facts as was the case for the science classroom observed.  

Model-Based Instruction Findings 

 Three themes also resulted from the analysis conducted from the instruction 

implementation findings. The first theme is that when provided with the opportunity to 

engage in inquiry and discourse practices, ELLs engage in scientific reasoning through 

the process of modeling and arguing from evidence. It was noted that when provided with 

inquiry opportunities that were lacking in the science classroom, students were capable of 
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constructing scientific explanations using the CER framework. This meant that in 

addition to modeling ELLs also required the opportunity for multiple language practice. 

In order to engage ELLs in discourse practices, they required linguistic accommodations 

such as language scaffolds that provided students with the functional meaning of 

language. The language scaffolds provided students with the language resources 

necessary for appropriate register in the science classroom and in the construction of 

science explanations. Fang and Schleppegrell (2008), highlight the importance of making 

the features of science disciplinary language explicit so that students may engage in 

linguistically challenging tasks, such as constructing scientific explanations or creating 

concepts maps. ELLs also required the use of content-linguistic specific procedural 

scaffolding such as concept maps to map their thinking and how they interrelated 

concepts or how they treated concepts in a dialogic and interactive manner.  

 The second theme that emerged is that as students engaged in more practice with 

modeling and explaining their models, their explanations evolved from more of a 

descriptive purpose to resemble more of an explanation and even evolved into arguments 

for Andrea and Barbara. With the explanation of their first model construction, students 

provided oral descriptions talking about what the model represented and what each item 

in their model represented. Students were unfamiliar with the discourse patterns of a 

science explanation and as a result of this, the CER framework was explicitly introduced. 

As they progressed through the modeling process with more model constructions, 

students progressed for more descriptive explanations to making a claim and providing 

some form of justification using evidence. This was more characteristic of a science 
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explanation. However, students were unable to construct arguments due to the lack of 

knowledge in the application of scientific principles to engage in reasoning. Explicit 

instruction of the scientific principle of particle arrangement determining the physical 

properties of substances was necessary, and through practice and language resources 

provided, students A and B were able to construct arguments. Thus, explanation analysis 

through modeling and language scaffolding revealed a discourse learning progression 

from descriptive discourse patterns to more explanatory and argumentative patterns. 

However, Cynthia was unable to successfully engage in reasoning through the application 

of scientific principles to produce an argument. After reflection from the researcher post 

data collection it was determined that this student required more differentiated instruction 

within model-based instruction.  Roberto never engaged in scientific reasoning nor did he 

provide a solid explanation consisting of a claim and evidence explicitly. Findings reveal 

that when denied opportunities for discourse practices, students will engage in less 

reasoning and learning will be characterized as learning through memorization. Empirical 

research shows that engaging in scientific practices such as argumentation, students 

experience challenges in articulating and defending claims (Sadler, 2004), experience 

challenges in coordinating claims and evidence (Kuhn, 1991), and experience difficulty 

selecting and using scientific principles to justify why evidence supported their claims 

(McNeil & Krajcik, 2011).   

 A third theme that resulted from this analysis was the unmasking of elements that 

constitute science learning through modeling and arguing from evidence through a 

functional approach. The findings in the analysis stressed the equilibrium or constant 
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balancing interplay between content knowledge, discourse and language register. There 

were times during which students required content scaffolding through learning and 

application of scientific principles, other times students required discourse patterned 

language through the CER framework in order to construct science explanations, and 

students required linguistic tools providing them with the appropriate language resources 

to communicate meaning about their models or to explain phenomena. The instruction 

required a constant and equal integration of content knowledge, discourse, and language 

register that proved to be challenging but that in the end came together with the students’ 

final model construction and written explanation. Cognizance between the interplay of 

these different types of knowledge bases can lead to a teacher’s pedagogical content 

knowledge reflection and hence influence teacher decision-making and practice to 

increase student engagement in inquiry and discourse practices.  

 Thus to answer the first research question, model based instruction through a 

functional approach provides students with multiple opportunities to engage in learning 

through modeling and arguing from evidence. Model-based instruction through a 

functional approach considers the academic and language needs of ELLs to engage in 

reasoning and learning science. It also provides multiple inquiry and language practice 

opportunities which is exactly what ELLs require to learn science while also acquiring a 

second language. To answer the second research question, ELLs’ views about engaging 

in modeling and arguing from evidence changed through the model-based instruction 

implementation. Students maintained the belief that science was difficult because of 

abstract science words and having to memorize difficult words. This confirms that ELLs 
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maintained beliefs about language within science. They believed that learning science in 

English was difficult because of science words. As students engaged in modeling and 

discourse practices through this study, these beliefs began shifting more towards learning 

through inquiry and how learning through inquiry happens and varies by different 

learning perspectives through the modeling process. They became comfortable in 

acknowledging scope and limitations of their models and considered revising them. In 

essence they realized that learning through inquiry and discourse practices, they co-

constructed knowledge in science and revised it when necessary, an indicator that 

students begin viewing science as a non-static body of facts. The modeling process as 

proposed by Justi & Gilbert (2002) provides students with inquiry learning that allows 

them to accomplish this through the testing and evaluation stages. Without inquiry 

practices such as modeling, students are denied the opportunity to construct knowledge 

through inquiry.  

Interview Findings 

 Analysis of the semi-structured interviews revealed that student views about the 

concept of models changed as they were exposed to model-based instruction. Model 

conceptions went from a “models as visuals or drawings” view towards more of a “model 

helps illustrate and explain something.” Thus conceptions of a model went from a more 

illustrative purpose to a more explanatory purpose in the representation of phenomena. 

Furthermore, this change in conception of models also influenced students’ beliefs about 

modeling and discourse practices. For example, initial interviews revealed the difficulty 

in learning science due to the memorization of difficult science terms. As students 



Texas Tech University, Magdalena Pando, August 2016 

128 

engaged in more practice modeling and arguing from evidence, students beliefs allowed 

room for representing from different perspectives. This finding resulted from the focus 

group interviews, during which students were allowed to argue with one another, 

defending their models or evaluating and recognizing the scope and limitations of their 

models to recognize where they needed to be revised. This finding is congruent with 

empirical studies on the effect of modeling as more understanding of content is gained. 

Schwarz et al (2009) revealed how students’ model use improved from illustrative 

towards more explanatory as understanding improved. Justi, Gilbert and Ferreira (2009) 

found positive results in students’ understanding of chemical equilibrium through the 

modeling process.  

Implications 

 Implications for teacher practice include the incorporation of inquiry and 

discourse practices in science learning for ELLs. A Model-based view to science theories 

as scientific principles ensures that teachers engage students in such scientific practices 

much in the same manner as real scientists do. In addition to a model-based view to 

theories teachers need to be equipped with the discourse patterns of science discourse and 

also have language knowledge to provide language practice opportunities for ELLs to 

engage in discourse. In this manner, teachers are equipped with the language knowledge 

base necessary to make language features of science disciplinary language explicit to 

their students. 

Implications suggest that teachers’ subject content knowledge influences teachers’ 

pedagogical knowledge which in turn affects their overall pedagogical content 
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knowledge. When teachers experience pedagogical dilemmas in their pedagogical content 

knowledge this is often due to subject content knowledge and language knowledge. As a 

result, teachers privilege facts in science and control discourse in such a manner as to 

avoid unfamiliar territory in subject content knowledge. Furthermore, language 

opportunities and inquiry investigations are absent in such a teacher-directed instructional 

setting. Thus, more professional development in pedagogical content knowledge to 

include knowledge bases necessary to instruct the inquiry and discourse – oriented 

classroom with ELLs is necessary. Professional development should include development 

of content knowledge, pedagogical knowledge and language knowledge in order to 

provide opportunities for ELLs to learn and engage in reasoning. 

Finally, future research should explore the effect of professional development on 

model-based instruction through an SFL approach on teacher practice. Furthermore, the 

effect of teacher practice on ELL engagement and reasoning should also be explored. 

Research should also explore in more depth differentiated instruction according to ELL 

proficiency level utilizing model-based instruction. Clemens Noda (2004) found that 

teachers with higher teaching self-efficacy for teaching ELLs have more positive 

attitudes towards providing quality instruction for ELL students. Thus, differentiated 

model-based instruction through a functional approach should be a part of professional 

development programs.  
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APPENDIX A 

Semi-Structured Interview 1 

1. Explain what you think a model is in science.  

2. How do you think models are used in science? Why do you think they are used 

this way? 

3. What do you think a model should have? In other words what are the parts to a 

model? 

4. Tell me about the things you do to help you learn science. What is the hardest part 

about learning science? 

5. Do you have a hard time learning science in English? What is it about learning 

science in English that confuses you? Explain.   

6. Do you think that using models will help you learn science in English better? 

Why or why not? Explain. 
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Semi-Structured Interview 2 

1. Explain what you think a model is in science. 

2. Talk to me about your model? What does it represent? Explain your model. 

3. Has modeling helped you learn science better? How? 

4. Does your model help you understand science vocabulary better than if you did 

not have a model? Explain. 

5. Looking at your model, what claim or hypothesis can you make? 

6. What evidence would you have to collect and why? 

7. Have you collected the evidence that you need? Does the evidence support your 

hypothesis or claim? How does the evidence support your hypothesis or claim? 

8. Do you think you need to make changes to your model? What would you change? 

Why? Is there any more evidence you should collect? Was the evidence you 

collected the right choice? Why or why not? 

9. What scientific principle did we learn about in class this week? How do you think 

your model is related to that principle? Explain. 
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Semi-Structured Interview 3  

1. Explain what you think a model is in science. 

2. Talk to me about the changes you made to your model. How did you decide you 

had to make those changes? Did you change the evidence you needed to collect? 

Please explain. 

3. What did you learn in class that helped you with language? Explain how using 

what you learned about language and models help you learn science in English.  

4. Let’s say I am another student and I don’t agree that your model represents a 

chemical change. Explain your model to me and convince (persuade) me that your 

model does represent a chemical change. In other words, create an argument to 

convince me. 

5. Ok so you have explained your model to me, so you are saying that If….then…. 

(present a new phenomenon)? Explain the new phenomenon using the same 

model you have created. Are there any unanswered questions that you cannot 

answer using your model? Any new evidence you should collect? If yes, what 

evidence? Should you revise your claim or hypothesis? 

6. Talk to me about using models and argumentation by learning about the functions 

of language? Did it help you learn science better? Did it help you with learning 

science in English? Explain how. 
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Appendix B 

Audit Trail 

Teacher Content Knowledge (Transcript Excerpts) 

Primary Document 4 Line 85 (P4 85) 

Ms. Smith: Substances can absorb heat, which means they get hotter. Oh, wait, sorry. 

They get colder, right? Am I backwards? 

P4 101 

Ms. Smith: So, the next thing we want to write is production of light. It creates light. 

P4 107  

Ms. Smith: One is like, in the middle of it, with a, it's like a powder, and the other that's 

outside of it, it's a liquid.  Okay.  When you snap it, your breaking what's inside and those 

two chemicals start mixing together and it produces a light. 

P7 157 

Ms. Smith:  They all have the same answer.  So, how can 1 have a higher density than the 

other?  They're all equal, right?  They all three have the same density.  So, you cannot put 

this in order because they all have the same density. Do you see that? 

P12 105 -119 

Ms. Smith: Okay, can somebody raise their hand and tell me how to tell when a chemical 

change has occurred?  What phrase do I use?  Student, say it louder. 

S:  (Inaudible) 

Ms. Smith: City Girls Love Their Phones.  What does C stand for?  Barbara? 

Barbara:  Carbon. 
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Ms. Smith: No, what does c stand for in City Girls Love Their Phones?  C stands for 

color.  What does it stand for, Barbara? 

Barbara:  Color. 

Ms. Smith: Color.  What does G stand for?  Andrea. 

Andrea: Gas. 

Ms. Smith: Gas release. City Girls Love, what does L stand for? Light. City Girls Love 

Their, what's the T stand for?  Student. 

S:  (Inaudible) 

Ms. Smith: Okay, hold on.  What does T stand for?  Temperature.  Student, what does T 

stand for? 

S:  Temperature. 

Ms. Smith: What does P stand for? 

S:  Precipitate. 

Ms. Smith: Precipitate.  City Girls Love Their Phones.  Anytime it says what chemical 

change has occurred or how do you know if a chemical change has occurred, you look for 

one of those things.  City Girls Love Their Phones.  That will help you with one of the 

quizzes and will help you with what's that thing we did? The OER (Open-Ended 

Response).  Okay? City Girls Love Their Phones.   

P1 80 

Ms. Smith: Okay.  The way the words end, like Chloride and Oxide, that's stuff that 

you'll learn in chemistry when you're in high school, okay?  You don’t have to know why 

it’s named that way, you just have to know what it is, does that make sense? 
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P 82-92 

Ms. Smith: Okay.  So, not only do you need to know that that's salt, but you need to 

know that it’s Sodium Chloride.   

S:  How? 

Ms. Smith: Does that make sense? What? How? 

S:  He said how. 

Ms. Smith: How is it that?  

S:  Yes. Chloride.   

Ms. Smith: Okay.  This part right here.   This you will learn later in chemistry.  Later, 

later, later.  You don’t need to know why it’s ide.  Does that make sense? 

S:  Is that like in 8th grade or what? 

Ms. Smith: Like high school.   

S:  Oh, but you can't teach us a little hint right now, like a little example? 

Ms. Smith: It's too confusing and it will make this not make sense anymore. 

Explanations using CER Framework (Science Notebook Entries) 

ME1A:  

Elements and compounds are different because compounds can be broken down 

chemically; elements can’t be broken down because its broken down as much. 

ME1B: 

Elements and compounds are different because an element only has one symbol and a 

compound has more the a symbol. 

ME1C: 
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Elements and compounds are different because compounds cannot be broken to smaller 

pieces. Elements cannot be broken down further then already. 

Open-Ended Responses (Assessments) 

Open-Ended Response Andrea: 

It is a chemical reaction because it changed color. It is also gas because it say’s it fizzes. 

My evidence is that the word City girls love their phone I remember and it helps me. 

 

Open-Ended Response Barbara: 

it’s using perticipit and color changing also it might as well be using gas because it 

seprates and at the same time its changing and maybe lating a little bit of gas. 

 

Open-Ended Response Cynthia: 

It is a chemical reaction because like a glow stick there’s something inside it and when 

you snap it it breaks the things then gives it a chemical reaction that’s what supports my 

evidence. 

 

Open-Ended Response Roberto: 

It’s a chemical reaction is because it changed color. It also starts being cloudy. It also 

starts to fizz. 

 

Semi-Structured Interview Responses (Transcription Excerpts) 

SSA1 – Concept of a Model and Model Constituents 
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Researcher: So, Andrea, explain what you think is a model in science. 

Andrea:  Well, I think it's a picture where it can explain like what it is and something that 

would help you see it much better. Cause like, some things you can't see, so like, you 

could understand it more better.  

Researcher: Okay. How do you think models are used in science? 

Andrea:  By drawing and putting like the letters of what it means, like elements and all of 

that, and like, putting them in order. 

Researcher: Okay. And why do you think they're used this way, Models? 

Andrea: Maybe because like they want us to understand them better and to know it. 

Researcher: To help you learn? 

Andrea:  Yeah. 

Researcher: Okay, And what do you think a model should have?  In other words, what 

do you think the parts to a model should be?  Like, for example, the parts to this radio, it 

has an antenna, it has an on and off button, it has a channel button. So, when you think of 

a model, what do you think the parts of a model are?   

Andrea:  Well, I could think like, like something, like that would help me understand, 

like, like an illustration. 

Researcher: An illustration? Okay.   

Andrea:  Like, a key maybe?  

Researcher: Okay. Do you have a hard time learning science in English? 

Andrea: No, I understand it really clear. 

SSA2 
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Researcher: Okay. Can you think of one vocabulary word that you’ve learned better 

because of your models? 

Andrea: Chemically. 

Researcher: Chemically? Chemically what? 

Andrea: The compounds can be chemically combined together. 
SSB1 

Researcher: Barbara, can you please explain to me what you think a model is in science? 

Take your time. 

Barbara: What I think? I think a model is like, something visual about something. 

Researcher: Okay. How do you think we use models in science? 

Barbara: How do we use them? Like sometimes we can use them as, visualizing the 

elements or… 

Researcher: Okay. And why do you think that we use them this way? 

Barbara: Maybe to help us better. Like to, see it instead of imagining it in our head or… 

Researcher: Okay. Good. So, you think a model should have pictures for sure? Do you 

think it should have something else other than pictures? 

Barbara: No. I mean, once you visualize it helps you a lot.   

Researcher: Do you have a hard time learning science in English? 

Barbara: Yes. 

Researcher: You do? Okay. What is it about learning science in English that confuses 

you? 

Barbara: Sometimes the words like, understanding the periodic table. 
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SSC1 

Researcher: And so Cynthia, can you tell me what a model is in science? 

Cynthia: A model is like how you show stuff. Like, an example, you can build up stuff to 

show a model. That's what I think. 

Researcher: Okay. How do you think models are used in science?   

Cynthia: I think models are used to learn stuff. Like, elements or compounds, you can 

just build them up. 

Researcher: You can build a model of an element and a model of a compound? 

Cynthia: Yeah. 

Researcher: Why do you think they are used this way?  

Cynthia: I think they're used this way so you can learn and you can understand models 

and elements, compound, stuff easier. 

Researcher: Okay. Good. What do you think a model should have?   

Cynthia: I think a model should have like; more stuff so you can know it a little bit easier 

stuff.   

Researcher: Okay. Can you think of an example? 

Cynthia: No.   

Researcher: Okay. In other words do you think that a model should have certain parts? 

Cynthia: Actually no.   

Researcher: No? So what do you think a model should have?   

Cynthia: A model should just have things that you have to learn just for like the elements 

and compounds. 



Texas Tech University, Magdalena Pando, August 2016 

148 

Researcher: Do you have a hard time learning science in English? 

Cynthia:  No. No. Was it called? I already knew the songs in science and stuff. It's not 

that hard it's just in English than in Spanish. 

Researcher: Is there ever a time where you think English is a little hard for you to learn 

when you're learning science? 

Cynthia: Yeah, because sometimes they use words I don’t know and like no one teach 

me English. I learned it by myself. So… 

Researcher: Like, what kind of words do you struggle with? 

Cynthia: Like, last time Ms., my teacher in science, she said a word like, what's it called? 

Dioxide something like that?   

Researcher: Dioxide? 

Cynthia: Yeah. 

Researcher: And you didn’t understand it in English? 

Cynthia: No. So, I had to ask her for help. 

Researcher: Okay. Do you think that if you knew English you would understand that 

word? 

Cynthia: Yeah. 

Researcher: Okay. Good. 

Cynthia: If I knew it really good.   

Researcher: Okay. Good. Good. Do you think that using models will help you learn 

science and English better? 

Cynthia: Yeah. They have helped me, so yeah. 
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Researcher: They have helped you so far? So what we've been doing in class has it been 

helping you to understand it better? 

Cynthia: Yes.   

Researcher: So, you said that you struggled with the word dioxide; do you remember 

yesterday we did models? 

Cynthia: Yeah 

Researcher: And you made a model of carbon dioxide. 

Cynthia: Yeah, that helped me a lot. 

Researcher: That helped you a lot? So, what do you think dioxide means? 

Cynthia: I think dioxide means like, it's kind of element and dioxide, what's it called? I 

don’t know how to explain it. But I don’t know how to say it in Spanish either. 

SSZ1 

Researcher: Okay, Roberto, you know how we talked about models in class one of the 

days I was there? What do you think a model is in science?   

Roberto: Like, the solar system model, like you build the planets and the sun.   

Researcher: Okay. So you think it's something that you build and what do you think that 

we use that for? 

Roberto: To learn. 

Researcher: To learn? Okay. And how do you think we use those models in science? 

Roberto: To learn more about science. 

Researcher: Okay. Why do you think they're used this way? 

Roberto: So it's easier, like a visual model, for people to see.  
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Researcher: It's easier for people to see with a model? 

Roberto: To visualize it. 

Researcher: Okay. So, looking at a model, what do you think a model should have, in 

other words, what should it have? Should it have words? Should it have pictures? What 

do you think a model should have? 

Roberto: I think it should have words and pictures. 

Researcher: What is the hardest part about learning science?  If you could pick one thing 

about science, what's the hardest? 

Roberto: Memorizing everything, like the elements. 

Researcher: Memorizing like the elements?  Okay.  Do you have a hard time learning 

science in English? 

Roberto: A little bit because I used to do science in Spanish. 

Evidence of Functional Language Use 

P32 124-147 

Researcher: So, if a new substance has been produced what is some of the evidence that 

tells you that a new substance has been produced? 

Andrea: Oh. Like the temperature got colder.   

Researcher: Okay. 

Andrea: Precipitate. 

Researcher: Uh-huh. For this one there was a precipitate?  

Andrea: No. 

Researcher: Okay. 
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Andrea: No there was, gas.  

Researcher: Okay. There was a gas produced.  What else? 

Andrea: The color changed. 

Researcher: The color changed?  

Andrea: Uh-huh. 

Researcher: Okay. 

Andrea: Because it got like a cloudy… 

Researcher: What else?  

Andrea: Oh, it fizzed.   

Researcher: Okay. Which is evidence of what? 

Andrea: Gas. 

Researcher: A gas, okay. What else did you see or hear? Or feel? 

Andrea: I felt like the temperature got colder. 

Researcher: Okay. You felt like the temperature got colder?  

Andrea: Uh-huh. 

Researcher: Okay. What else did you see or hear? 

Andrea: Oh, I saw the state of matters and what state of matter they were… 

P17 55-59: 

Barbara: And then, it turned into liquid, and when it turned into liquid all the bubbles 

popped, so then the bag got filled with gas, but it had liquid. 

Researcher: Now she said (Andrea) that she had a temperature change. Did you have a 

temperature change? 
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Barbara: Yes.  

Researcher: What happened with the temperature? 

Barbara: It got more colder. 

P17 145-159 

Researcher: Explain this side (Reaction 2). 

Cynthia: This was like the vinegar side. The liquid. And this was the baking soda, a 

solid. When you mix them together it made like lots of fizzling, made the bag inflated, 

with air inside. It got colder, it changed. I heard fizzling yeah. 

Researcher:You heard fizzing?  Okay. 

Cynthia: Yes.  

Researcher: How did the bag feel? Warmer or colder? 

Cynthia: Colder. 

Researcher: Okay. 

Cynthia: Yeah. 

Researcher: So do you agree that a chemical reaction took place with both of these 

(Reaction 2 and 3)?  

Cynthia: Yes.  
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APPENDIX C 

Elements, Compounds, & Mixtures Venn Diagram Word Bank 

Matter        Chemical symbol 

Properties       Chemical formula 

Pure Substances      Chemically combined 

Combination of substances     Combination of 2 or more 

elements 

Element       Atoms 

Compound       Sodium 

Mixture       Water 

Homogeneous mixture     Chalk 

Heterogeneous mixture     Carbon Dioxide 

Chlorine       Oxygen 

Salt and water not chemically combined   Salad
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APPENDIX D 

Mineral Model Physical Properties Word Bank 

Science Nouns 

Element 
Compound 
Atoms 
Carbon 
Iron 
Oxygen 
Density 
Hardness 
Color 
Streak 
Arrangement 
 
Noun Groups 
 
Physical Properties 
C – Carbon 
Fe3O4 – Iron (III) Oxide 
Mineral 8 
Mineral 13 
 
Observing Verbs 
 
See  
Feel 
 
Action Verbs 
 
Scratched 
Causes 
 
Relating Verbs 
 
is 
are 
has 
have 
 
 

Abstract Verbs 
 
Chemically combined 
Arranged 
 
Physical Property Adjectives 
 
Dense 
Magnetic 
Hard  
Metallic 
Vitreous 
Shiny 
Dull 
Gray/black 
Brittle 
 
More Descriptive Adjectives 
 
More 
Less 
Same 
Different 
Four 
Three 
One 
 
Visuals 
 
     
     
     
     
     
       
 More Dense  Less Dense 
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APPENDIX E 

Glow Stick Models 

Glow Stick Model Construction by Andrea
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Glow Stick Model Construction by Barbara 
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Glow Stick Model Construction by Cynthia 
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Glow Stick Model Construction by Roberto
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APPENDIX F 

Chemical Reaction Models 

Chemical Reaction Construction by Andrea
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Chemical Reaction Model Construction by Barbara 
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Chemical Reaction Model Construction by Cynthia 
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Chemical Reaction Model Construction by Roberto: Reaction 2 
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Chemical Reaction Model Construction by Roberto: Reaction 3 
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APPENDIX G 
 

Chemical Changes Language Scaffold 
 

Noun Groups 
 
Chemical change 
New substance 
Chemical reaction 
Atomic arrangement 
Pure substance 
Different densities 
 
Nouns 
 
Compound 
Atoms 
Reactants 
Liquid 
Solid 
Powder 
Products 
Gas 
Heat 
Color 
Light 
Temperature 
 
Physical Properties 
Adjectives 
 
Dense 
Clear 
Cloudy 
White 
Chunky 
Blue 
Orange 
Green 
Broken 
Bent 
 
 

Causal Verbs 
 
Caused 
Produced 
Determines 
Resulted in 
 
Relating Verbs 
 
Is 
Was 
Has 
Have 
 
Observing Verbs 
 
Looked 
Glowed 
Heard/sounded 
Felt 
Fizzed 
Bubbled 
 
Verb Groups 
 
Absorbed heat 
Released heat 
 
Abstract Verbs 
 
Chemically combined 
 
More descriptive 
adjectives 
 
More 
Less 
Same 
Different 

Visuals 
 
 
 
 
 
 
Less Dense  
 
 
 
 
 
 
 
More Dense
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APPENDIX H 

Student Independently Created Chemical Reaction Concept Maps: Reaction 3 

Precipitate Reaction Concept Map by Andrea 
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Precipitate Reaction Concept Map by Barbara 
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Precipitate Reaction Concept Map by Cynthia 

 

Note: Concept Maps were recreated using Cmap Tools for image resolution. 



September 28, 2015

Zenaida Aguirre 
Curriculum & Instruction 
Mail Stop: 1071 

Regarding: 505395 Teaching Middle School Science to English Language Learners through Model 
Constructing and Argumentation Using a Functional Approach 

Dr. Zenaida Aguirre:
 
The Texas Tech University Protection of Human Subjects Committee has approved your proposal 
referenced above.  The approval is effective from September 27, 2015 to August 31, 2016.  This 
expiration date must appear on all of your consent documents.

We will remind you of the pending expiration approximately eight weeks before August 31, 2016 and 
to update information about the project.  If you request an extension, the proposal on file and the 
information you provide will be routed for continuing review.

Sincerely,

Kelly C. Cukrowicz, Ph.D.
Chair, Institutional Review Board for the
Protection of Human Subjects
Associate Professor, Dept. of Psychological Sciences

Box 41075 | Lubbock, Texas 79409-1075 | T 806.742.3905 | F 806.742.3947 | www.vpr.ttu.edu
   An EEO/Affirmative Action Institution


	Main Text
	Acknowledgments
	Abstract
	List of Tables
	List of Figures
	INTRODUCTION
	Background to the Problem
	Definitive Problem Statement
	Purpose of Study
	Significance of Study
	Definition of Terms
	Assumptions
	Limitations

	LITERATURE REVIEW
	Introduction
	Historical Views in the Philosophy of Science
	Statement View
	Non-Statement View

	Role of Language Use in Science Discourse
	Research on Modeling
	Research on Argumentation
	English Language Learners
	Systemic Functional Linguistics
	CER Framework
	Theoretical Framework
	Summary
	METHODOLOGY
	Research Paradigm
	Rationale for Design
	Research Questions
	Research Design

	Data Sources and Collection
	Observations

	Data Analysis Approach
	Data Management Plan

	Data Analysis
	Researcher’s Step-by-step Process
	Computer Assisted Data Analysis

	Trustworthiness
	Credibility

	Dependability & Confirmability
	Transferability
	Trustworthiness
	Summary
	FINDINGS
	Classroom Observations

	Classroom Observation Findings
	Classroom Management
	Classroom Activities and Strategies
	Teacher Content Knowledge
	Science Planning Observations

	Model-Based Instruction Implementation and Findings
	Researcher Instruction
	Explanations using CER Framework
	Discourse Patterns
	Scientific Principles
	Linguistic Register
	Mineral Model
	Mineral Model Explanations
	Physical and Chemical Changes
	Glow Stick Models
	Glow Stick Explanations
	Chemical Reaction Models
	Written Explanations
	Discourse Patterns & Language Register
	Semi-Structured Interview Findings
	Focus Group Interview Findings

	Summary
	DISCUSSION
	Purpose Of The Study
	Science Classroom Findings
	Pedagogical Dilemmas

	Model-Based Instruction Findings
	Interview Findings
	Implications
	References

	IRB Approval Letter

