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Science and English Language Arts in Grades Eleven and Twelve
Starting with the Science
High-school students learn science and engineering best by engaging from an early age in the kinds of practices used by practicing scientists and engineers. By harnessing their natural curiosity and sense of wonder, students can be empowered to use their growing understanding to make sense of questions and problems relevant to them. 
High-Quality Instructional Materials (HQIM) for science provide a structure for this work by supporting student sensemaking—actively figuring out how the world works (science) or how to design solutions (engineering). Students do science and engineering through the science and engineering practices. These experiences require students to participate in a learning community in which they share ideas, evaluate competing ideas, give and receive critique, and reach consensus. 
Whether this learning community consists of classmates or extends to family members, students and adults engage collaboratively in developing and refining their understanding of science and engineering. This approach stands in clear contrast to the procedural, “cookbook” experiments many individuals have previously experienced. By formulating questions, conducting investigations, gathering and analyzing evidence, and continually revising their thinking, students actively construct knowledge. As a result, their learning is more meaningful, transferable, and enduring over time.
Through hands-on investigations and data analysis, students develop critical thinking skills and become independent learners. By gaining a deep understanding of core scientific concepts, students are prepared to excel in Advanced Placement (AP) courses, college, and STEM careers.
For example, examine these OpenSciEd resources:
· Ecosystem Interactions & Dynamics
· Chemical Reactions in our World
· Stars and the Big Bang
Coherence with English Language Arts
Literacy skills are critical to building knowledge in science. The goal of integrating English language arts within science instruction is to use the literacy dimensions of reading, writing, speaking, and listening to develop and reinforce sensemaking. This document identifies high-leverage opportunities to integrate New Jersey Student Learning Standards for English Language Arts with science and engineering practices in grades 11 and 12. The identified NJSLA-ELA skills can be used across content areas to support science learning, as well as the development of disciplinary literacy.
Text should be placed within the unit at key junctures where students need to gather information to motivate the storyline, better understand a concept, or work through an investigation. (Note in the early elementary grades, teacher read-aloud may be the more appropriate means for students to access textual material.) Generally, students experience a concept in some way prior to reading about it, allowing them to make a connection between their experience of a concept and scientific information in the text and develop knowledge about the concept. Text that introduces a phenomenon to students is adapted for classroom use and intended to engage students into the storyline (for example, a doctor’s note, a fictional story, student’s science journal entry, a text message exchange). Some text is just in time to help the storyline along, to support students in generating questions or ideas, to help to clarify some pieces of the puzzle students are figuring out, or to give students language to describe what they are seeing.
Educators need to be intentional in the variety and complexity of text and alignment with NJSLS-ELA. Units should include text from a variety of sources that require students to interpret key science ideas from the text (such as words, graphs, images, illustrations, photographs, newspapers, digital sources and other media). Instructional materials should also include a mix of authentic science sources adapted for classroom use in differentiated ways to meet individual student needs as well as trade books, historical, and informational texts matched to the storyline of the unit.
Educators need to be intentional about the purpose, placement, and variety of written work. Units should incorporate a student science notebook and additional written student work on a daily basis for students to write, draw, and communicate their understanding of science ideas and practices. Finally, students should be provided opportunities to metacognitively reflect on their writing and their reasoning. 
Exploring How Students Use ELA: Obtaining, Evaluating, and Communicating Information
Being literate in science and engineering requires the ability to read and understand their literature. Science and engineering are ways of knowing that are represented and communicated by words, diagrams, charts, graphs, images, symbols, and mathematics. Reading, interpreting, and producing text[footnoteRef:1] are fundamental practices of science in particular, and they constitute at least half of engineers’ and scientists’ total working time. [1:  The term “text” is used here to refer to any form of communication, from printed text to video productions.] 

Students who demonstrate grade-level reading proficiency may still find scientific texts challenging. These texts often include discipline-specific vocabulary that is unfamiliar, along with frequent use of passive voice and complex sentence structures that can hinder comprehension. In addition, reading in science requires careful attention to detail, as meaning depends on accurately interpreting specific words and phrases—an approach that differs significantly from reading narrative or general informational texts. Scientific texts are also multimodal, integrating written language with diagrams, charts, symbols, and mathematical representations. As a result, understanding these texts requires more than familiarity with technical terms; it demands the ability to synthesize information across multiple forms of communication.
Communicating in written or spoken form is another fundamental practice of science; it requires scientists to describe observations precisely, clarify their thinking, and justify their arguments. Because writing is one of the primary means of communicating in the scientific community, learning how to produce scientific texts is as essential to developing an understanding of science as learning how to draw is to appreciate the skill of the visual artist. Science simply cannot advance if scientists are unable to communicate their findings clearly and persuasively. Communication occurs in a variety of formal venues, including peer-reviewed journals, books, conference presentations, and carefully constructed websites; it occurs as well through informal means, such as discussions, email messages, phone calls, and blogs. New technologies have extended communicative practices, enabling multidisciplinary collaborations across the globe that place even more emphasis on reading and writing. Increasingly, too, scientists are required to engage in dialogues with lay audiences about their work, which requires especially good communication skills.
Being a critical consumer of science and the products of engineering, whether as a lay citizen or a practicing scientist or an engineer, also requires the ability to read or view reports about science in the press or on the Internet and to recognize the salient science, identify sources of error and methodological flaws, and distinguish observations from inferences, arguments from explanations, and claims from evidence. All of these are constructs learned from engaging in a critical discourse around texts.
Engineering proceeds in a similar manner because engineers need to communicate ideas and find and exchange information—for example, about new techniques or new uses of existing tools and materials. As in science, engineering communication involves not just written and spoken language; many engineering ideas are best communicated through sketches, diagrams, graphs, models, and products. Also in wide use are handbooks, specific to particular engineering fields, that provide detailed information, often in tabular form, on how best to formulate design solutions to commonly encountered engineering tasks. Knowing how to seek and use such informational resources is an important part of the engineer’s skill set.
Table 1: High-Leverage Opportunities to Integrate English Language Arts When Students Are Obtaining, Evaluating, and  Communicating Information
	Obtaining, Evaluating, and Communicating Information
	NJSLS-ELA in Grades 11-12

	Obtaining, evaluating, and communicating information includes evaluating the validity and reliability of ideas and methods.
· Critically read scientific literature adapted for classroom use to determine the central ideas or conclusions and/or to obtain scientific and/or technical information to summarize complex evidence, concepts, processes, or information presented in a text by paraphrasing them in simpler but still accurate terms.
· Compare, integrate and evaluate sources of information presented in different media or formats (e.g., visually, quantitatively) as well as in words in order to address a scientific question or solve a problem.
· Gather, read, and evaluate scientific and/or technical information from multiple authoritative sources, assessing the evidence and usefulness of each source.
· Evaluate the validity and reliability of and/or synthesize multiple claims, methods, and/or designs that appear in scientific and technical texts or media reports, verifying the data when possible.
· Communicate scientific and/or technical information or ideas (e.g., about phenomena and/or the process of development and the design and performance of a proposed process or system) in multiple formats (including orally, graphically, textually, and mathematically).
	· RI.MF.11–12.6. Synthesize complex information across multiple sources and formats to develop ideas, resolve conflicting information, or develop an interpretation that goes beyond explicit text information (e.g., express a personal point of view, new interpretation of the concept).
· W.IW.11–12.2. Write informative/explanatory texts (including the narration of historical events, scientific procedures/ experiments, or technical processes) to examine and convey complex ideas, concepts, and information clearly and accurately through the effective selection, organization, and analysis of content. 
A. Introduce a topic; organize complex ideas, concepts, and information so that each new element builds on that which precedes it to create a unified whole; include formatting (e.g., headings), graphics (e.g., figures, tables), and multimedia when useful to aiding comprehension. 
B. Develop the topic thoroughly by selecting the most significant and relevant facts, extended definitions, concrete details, quotations, or other information and examples appropriate to the audience’s knowledge of the topic. 
C. Use appropriate and varied transitions and syntax to link the major sections of the text, create cohesion, and clarify the relationships among complex ideas and concepts. 
D. Use precise language, domain-specific vocabulary, and techniques such as metaphor, simile, and analogy to manage the complexity of the topic.
E. Establish and maintain a style and tone appropriate to the audience and purpose (e.g., formal and objective for academic writing) while attending to the norms and conventions of the discipline in which they are writing. 
F. Provide a concluding paragraph or section that supports the argument presented (e.g., articulating implications or the significance of the topic).
(Clarification Statements: Informative writing informs the reader by presenting facts, details, and descriptions about a topic. Explanatory writing explains a process, idea, or concept by showing how or why something happens.)
· W.SE.11–12.6. Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess the strengths and limitations of each source in terms of the task, purpose, and audience; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a standard format for citation (MLA or APA Style Manuals).
· SL.UM.11–12.5. Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance understanding of findings, reasoning, and evidence and to add interest.


Exploring How Students Use ELA: Planning and Carrying Out Investigations 
Scientists and engineers investigate and observe the world with two primary goals: to describe it systematically and to develop and test theories that explain how it works. Careful observation and description often lead to the identification of features that require explanation or to questions that warrant further investigation.
Advancing this second goal requires investigations that test explanatory models, their predictions, and the extent to which the inferences they generate are supported by evidence. Planning and designing such investigations demand the ability to develop experimental or observational studies that are well aligned to the question being asked or the hypothesis being tested. This process begins with identifying relevant variables and determining how they can be observed, measured, and controlled within the constraints of the investigation.
Planning for controls is an important part of the design of an investigation. In laboratory experiments, it is critical to decide which variables are to be treated as results or outputs and thus left to vary at will and which are to be treated as input conditions and hence controlled. In many cases, particularly in the case of field observations, such planning involves deciding what can be controlled and how to collect different samples of data under different conditions, even though not all conditions are under the direct control of the investigator.
Decisions must also be made about what measurements should be taken, the level of accuracy required, and the kinds of instrumentation best suited to making such measurements. As in other forms of inquiry, the key issue is one of precision—the goal is to measure the variable as accurately as possible and reduce sources of error. The investigator must therefore decide what constitutes a sufficient level of precision and what techniques can be used to reduce both random and systematic errors.
[bookmark: _Hlk218600932]Table 2: High-Leverage Opportunities to Integrate English Language Arts When Students Are Planning and Carrying Out Investigations
	Planning and Carrying Out Investigations
	NJSLS-ELA in Grade 11-12

	Planning and carrying out investigations include investigations that provide evidence for and test conceptual, mathematical, physical, and empirical models.
· Plan an investigation or test a design individually and collaboratively to produce data to serve as the basis for evidence as part of building and revising models, supporting explanations for phenomena, or testing solutions to problems. Consider possible variables or effects and evaluate the confounding investigation’s design to ensure variables are controlled.
· Plan and conduct an investigation individually and collaboratively to produce data to serve as the basis for evidence, and in the design: decide on types, how much, and accuracy of data needed to produce reliable measurements and consider limitations on the precision of the data (e.g., number of trials, cost, risk, time) and refine the design accordingly.
· Plan and conduct an investigation or test a design solution in a safe and ethical manner including considerations of environmental, social, and personal impacts.
· Select appropriate tools to collect, record, analyze, and evaluate data.
· Make directional hypotheses that specify what happens to a dependent variable when an independent variable is manipulated.
· Manipulate variables and collect data about a complex model of a proposed process or system to identify failure points or improve performance relative to criteria for success or other variables.
	· RI.CI.11–12.2. Determine two or more central ideas of an informational text and analyze how they are developed and refined over the course of a text, including how they interact and build on one another to provide a complex account or analysis; provide an objective summary of the text.
· W.WR.11–12.5. Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.
· SL.II.11–12.2. Integrate multiple sources of information presented in diverse formats and media (e.g., visually, quantitatively, orally) in order to make informed decisions and solve problems, evaluating the credibility and accuracy of each source and noting any discrepancies among the data. 


Exploring How Students Use ELA: Constructing Explanations and Designing Solutions
Because science seeks to enhance human understanding of the world, scientific theories are developed to provide explanations aimed at illuminating the nature of particular phenomena, predicting future events, or making inferences about past events. Science has developed explanatory theories, such as the germ theory of disease, the Big Bang theory of the origin of the universe, and Darwin’s theory of the evolution of species. Although their role is often misunderstood—the informal use of the word “theory,” after all, can mean a guess—scientific theories are constructs based on significant bodies of knowledge and evidence, are revised in light of new evidence, and must withstand significant scrutiny by the scientific community before they are widely accepted and applied. Theories are not mere guesses, and they are especially valued because they provide explanations for multiple instances.
In science, the term “hypothesis” is also used differently than it is in everyday language. A scientific hypothesis is neither a scientific theory nor a guess; it is a plausible explanation for an observed phenomenon that can predict what will happen in a given situation. A hypothesis is made based on existing theoretical understanding relevant to the situation and often also on a specific model for the system in question.
Scientific explanations are accounts that link scientific theory with specific observations or phenomena—for example, they explain observed relationships between variables and describe the mechanisms that support cause and effect inferences about them. Very often the theory is first represented by a specific model for the situation in question, and then a model-based explanation is developed. For example, if one understands the theory of how oxygen is obtained, transported, and utilized in the body, then a model of the circulatory system can be developed and used to explain why heart rate and breathing rate increase with exercise.
Because people achieve their own understanding by building theories and theory-based explanations with the aid of models and representations and by drawing on data and evidence, students should also develop some facility in constructing model- or evidence-based explanations. This is an essential step in building their own understanding of phenomena, in gaining greater appreciation of the explanatory power of the scientific theories that they are learning about in class, and in acquiring greater insight into how scientists operate.
In engineering, the goal is a design rather than an explanation. The process of developing a design is iterative and systematic, as is the process of developing an explanation or a theory in science. Engineers’ activities, however, have elements that are distinct from those of scientists. These elements include specifying constraints and criteria for desired qualities of the solution, developing a design plan, producing and testing models or prototypes, selecting among alternative design features to optimize the achievement of design criteria, and refining design ideas based on the performance of a prototype or simulation.
Table 3: High-Leverage Opportunities to Integrate English Language Arts When Students Are Constructing Explanations and Designing Solutions
	Constructing Explanations and Designing Solutions
	NJSLS-ELA in Grades 11-12

	Constructing explanations and designing solutions includes using multiple and independent student-generated sources of evidence consistent with scientific ideas, principles, and theories to provide explanatory accounts of the natural and designed world.
· Make a quantitative and/or qualitative claim regarding the relationship between dependent and independent variables.
· Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future.
· Apply scientific ideas, principles, and/or evidence to provide an explanation of phenomena and solve design problems, taking into account possible unanticipated effects.
· Apply scientific reasoning, theory, and/or models to link evidence to the claims to assess the extent to which the reasoning and data support the explanation or conclusion.
· Design, evaluate, and/or refine a solution to a complex real-world problem, based on scientific knowledge, student-generated sources of evidence, prioritized criteria, and tradeoff considerations.
	· RI.CR.11–12.1. Accurately cite a range of thorough textual evidence and make relevant connections to strongly support a comprehensive analysis of multiple aspects of what an informational text says explicitly and inferentially, as well as interpretations of the text.
· RI.CT.11–12.8. Analyze and reflect on (e.g., practical knowledge, historical/cultural context, and background knowledge) documents of historical and scientific significance for their purposes, including primary source documents relevant to U.S. and/or global history and texts proposing scientific or technical advancements.
· W.IW.11–12.2. Write informative/explanatory texts (including the narration of historical events, scientific procedures/ experiments, or technical processes) to examine and convey complex ideas, concepts, and information clearly and accurately through the effective selection, organization, and analysis of content. 
A. Introduce a topic; organize complex ideas, concepts, and information so that each new element builds on that which precedes it to create a unified whole; include formatting (e.g., headings), graphics (e.g., figures, tables), and multimedia when useful to aiding comprehension. 
B. Develop the topic thoroughly by selecting the most significant and relevant facts, extended definitions, concrete details, quotations, or other information and examples appropriate to the audience’s knowledge of the topic. 
C. Use appropriate and varied transitions and syntax to link the major sections of the text, create cohesion, and clarify the relationships among complex ideas and concepts. 
D. Use precise language, domain-specific vocabulary, and techniques such as metaphor, simile, and analogy to manage the complexity of the topic.
E. Establish and maintain a style and tone appropriate to the audience and purpose (e.g., formal and objective for academic writing) while attending to the norms and conventions of the discipline in which they are writing. 
F. Provide a concluding paragraph or section that supports the argument presented (e.g., articulating implications or the significance of the topic).
· SL.PI.11–12.4 Present information, findings and supporting evidence clearly, concisely, and logically. The content, organization, development, and style are appropriate to task, purpose, and audience.


Exploring How Students Use ELA: Engaging in Argument from Evidence
Whether they concern new theories, proposed explanations of phenomena, novel solutions to technological problems, or fresh interpretations of old data, scientists and engineers use reasoning and argumentation to make their case. In science, the production of knowledge is dependent on a process of reasoning that requires a scientist to make a justified claim about the world. In response, other scientists attempt to identify the claim’s weaknesses and limitations. Their arguments can be based on deductions from premises, on inductive generalizations of existing patterns, or on inferences about the best possible explanation. Argumentation is also needed to resolve questions involving, for example, the best experimental design, the most appropriate techniques of data analysis, or the best interpretation of a given data set.
In short, science is replete with arguments that take place both informally, in lab meetings and symposia, and formally, in peer review. Historical case studies of the origin and development of a scientific idea show how a new idea is often difficult to accept and has to be argued for—archetypal examples are the Copernican idea that Earth travels around the sun and Darwin’s ideas about the origin of species. Over time, ideas that survive critical examination even in the light of new data attain consensual acceptance in the community, and by this process of discourse and argument science maintains its objectivity and progress.
The knowledge and ability to detect “bad science” are requirements both for the scientist and the citizen. Scientists must make critical judgments about their own work and that of their peers, and the scientist and the citizen alike must make evaluative judgments about the validity of science-related media reports and their implications for people’s own lives and society. Becoming a critical consumer of science is fostered by opportunities to use critique and evaluation to judge the merits of any scientifically based argument.
In engineering, reasoning and argument are essential to finding the best possible solution to a problem. At an early design stage, competing ideas must be compared (and possibly combined) to achieve an initial design, and the choices are made through argumentation about the merits of the various ideas pertinent to the design goals. At a later stage in the design process, engineers test their potential solution, collect data, and modify their design in an iterative manner. The results of such efforts are often presented as evidence to argue about the strengths and weaknesses of a particular design. Although the forms of argumentation are similar, the criteria employed in engineering are often quite different from those of science. For example, engineers might use cost-benefit analysis, an analysis of risk, an appeal to aesthetics, or predictions about market reception to justify why one design is better than another—or why an entirely different course of action should be followed.
Table 4: High-Leverage Opportunities to Integrate English Language Arts When Students Are Engaging in Argument from Evidence
	[bookmark: _Hlk204321861]Engaging in Argument from Evidence
	NJSLS-ELA in Grades 11-12

	Engaging in argument from evidence includes using appropriate and sufficient evidence and scientific reasoning to defend and critique claims and explanations about the natural and designed world(s). Arguments may also come from current scientific or historical episodes in science. 
· Compare and evaluate competing arguments or design solutions in light of currently accepted explanations, new evidence, limitations (e.g., trade-offs), constraints, and ethical issues.
· Evaluate the claims, evidence, and/or reasoning behind currently accepted explanations or solutions to determine the merits of arguments.
· Respectfully provide and/or receive critiques on scientific arguments by probing reasoning and evidence and challenging ideas and conclusions, responding thoughtfully to diverse perspectives, and determining what additional information is required to resolve contradictions.
· Construct, use, and/or present an oral and written argument or counterarguments based on data and evidence.
· Make and defend a claim based on evidence about the natural world or the effectiveness of a design solution that reflects scientific knowledge, and student- generated evidence.
· Evaluate competing design solutions to a real-world problem based on scientific ideas and principles, empirical evidence, and/or logical arguments regarding relevant factors (e.g., economic, societal, environmental, ethical considerations).
	· RI.AA.11–12.7. Describe and evaluate the reasoning in seminal U.S. and global texts, and the premises, purposes, and arguments in these works.
· W.AW.11–12.1. Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant and sufficient evidence.
· W.SE.11–12.6. Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess the strengths and limitations of each source in terms of the task, purpose, and audience; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a standard format for citation (MLA or APA Style Manuals).
· SL.PE.11–12.1. Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with peers on grades 11–12 topics, texts, and issues, building on others’ ideas and expressing their own clearly and persuasively. 
A. Come to discussions prepared, having read and researched material under study; explicitly draw on that preparation by referring to evidence from texts and other research on the topic or issue to stimulate a thoughtful, well-reasoned exchange of ideas. 
B. Collaborate with peers to promote civil, democratic discussions and decision-making, set clear goals and assessments (e.g., student developed rubrics), and establish individual roles as needed. 
C. Propel conversations by posing and responding to questions that probe reasoning and evidence; ensure a hearing for a full range of positions on a topic or issue; clarify, verify, or challenge ideas and conclusions; and promote divergent and creative perspectives. 
D. Respond thoughtfully to diverse perspectives; synthesize comments, claims, and evidence made on all sides of an issue; resolve contradictions when possible; and determine what additional information or research is required to deepen the investigation or complete the task.
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Video Series
Watch Paul Anderson’s 10-minute Wonder of Science videos about:
· Obtaining, Evaluating, and Communicating Information
· Planning and Carrying Out Investigations
· Constructing Explanations & Design Solutions
· Engaging in Argument from Evidence
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