
Physical Science Scientific Practices and Literacy Standards  
 
 
 
 
 

Note to Teachers:  

The following list and tables summarize the "inquiry standards,"  

sometimes called Science & Engineering Practices, for both  

ODE's Ohio Revised Science Standards (released 2011), which is 

paraphrased from the Next Generation Science Standards (NGSS, 

released 2013).  

IN ADDITION TO TEACHING AND IMPLEMENTING  

THE CURRENT HIGH SCHOOL SCIENCE CURRICULUM, 

TEACHERS MUST CONSISTENTLY INCORPORATE AND  

INTEGRATE THE "INQUIRY AND APPLICATION  

STANDARDS" INTO DAILY CLASSROOM INSTRUCTION.  
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OVERVIEW OF STANDARDS  
The following List and Table summarizes the "inquiry standards," sometimes called Science & Engineering  

Practices, for both ODE's Ohio Revised Science Standards (released 2011), which is paraphrased from the Next 
Generation Science Standards (NGSS). THESE STANDARDS MUST BE ACCOUNTED FOR THROUGHOUT  

THE CURRICULUM!  

ODE's Science Inquiry and Application (From Ohio Revised Science Standards)  

All students must use the following scientific processes with appropriate laboratory,  

safety techniques to construct their knowledge and understanding in all science content  

areas:  

 

 

 

 

thinking);  

 

 scientific argument  
 

 
 
 

Modeling workshops are available nationally that help teachers develop a  

framework for incorporating guided inquiry in their instruction.  
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Next Generation Science Standards  

SCIENCE AND ENGINEERING PRACTICES  
 

Science and  Defined as   Grades 9-12 Condensed Practices  

Engineering Practices  
 
Asking Questions and A practice of science is to ask and refine  Asking questions and defining problems in grades 9-12  
Defining Problems  questions that lead to descriptions and  

explanations of how the natural and designed  

world works and which can be empirically tested.  

Engineering questions clarify problems to  

determine criteria for successful solutions and  

identify constraints to solve problems about the 

designed world. Both scientists and engineers 

also ask questions to clarify the ideas of others.  

builds from grades K-8 experiences and progresses to  

formulating, refining, and evaluating empirically testable 

questions and explanatory models and simulations.  

 

theory, or unexpected results.  

 

evidence.  

 

between independent and dependent variables.  

 

argument, the interpretation of a data set, or the 

suitability of a design.  
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Science and  

Engineering Practices  
 

Developing and using  

models  

 

 
 
 
Defined as   

 
 

A practice of both science and engineering is to  

use and construct models as helpful tools for  

representing ideas and explanations. These tools  

include diagrams, drawings, physical replicas,  

mathematical representations, analogies, and  

computer simulations. Modeling tools are used to 

develop questions, predictions and explanations;  

analyze and identify flaws in systems; and  

communicate ideas. Models are used to build and  

revise scientific explanations and proposed  

engineered systems. Measurements and  

observations are used to revise models and 

designs.  

 
 
 
 
Grades 9-12 Condensed Practices  
 

 
 
Modeling in 9-12 builds on K-8 and progresses to using,  

synthesizing, and constructing models to predict and  

explain relationships between systems and their 

components in the natural and designed world.  

plain  

phenomena, and move flexibly between model types 

based on merits and limitations.  

 

explain relationships between systems and their 

components.  

 

computational) to generate data to explain and predict 

phenomena, analyze systems, and solve problems.  

 

 

order to select or revise a model that best fits the 

evidence or the design criteria.  
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Science and  Defined as   Grades 9-12 Condensed Practices  

Engineering Practices  

 
Planning and carrying Scientists and engineers plan and carry out  Planning and carrying out investigations to answer  

out investigations  investigations in the field or laboratory, working  

collaboratively as well as individually. Their  

investigations are systematic and require  

clarifying what counts as data and identifying 

variables or parameters.  

Engineering investigations identify the  

effectiveness, efficiency, and durability of 

designs under different conditions.  

questions or test solutions to problems in 9-12 builds on 

K-8 experiences and progresses to include investigations  

that build, test, and revise conceptual, mathematical, 

physical, and empirical models.  

 

collaboratively and test designs as part of building  

and revising models, explaining phenomena, or 

testing solutions to problems. Consider possible 

confounding variables or effects and ensure the 

investigation's design has controlled for them.  

 various methods of collecting data (e.g.,  

field study, experimental design, simulations) and  

analyze components of the design in terms of various  

aspects of the study. Decide types, how much, and  

accuracy of data needed to produce reliable  

measurement and consider any limitations on the  

precision of the data (e.g., number of trials, cost, risk, 

time).  

 

and evaluate data.  

 

solutions in a safe and ethical manner including  

considerations of environmental, social, and personal 

impacts.  

 

elements of all of the other practices.  
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Science and  

Engineering Practices  
 

Analyzing and  

interpreting data  

 
 
 
Defined as   
 

 
 
Scientific investigations produce data that must 

be analyzed in order to derive meaning. Because 

data patterns and trends are not always obvious,  

scientists use arrange of tools—including  

tabulation, graphical interpretation, visualization, 

and statistical analysis—to identify the significant  

features and patterns in the data. Scientists  

identify sources of error in the investigations and 

calculate the degree of certainty in the results.  

Modern technology makes the collection of large  

data sets much easier, providing secondary  

sources for analysis. Engineering investigations 

include analysis of data collected in the tests of  

designs. This allows comparison of different  

solutions and determines how well each meets 

specific design criteria— that is, which design  

best solves the problem within given constraints? 

Like scientists, engineers require a range of tools  

to identify patterns within data and interpret the  

results. Advances in science make analysis of  

proposed solutions more efficient and effective.  

Physical Science Pacing Guide  
 

 
Grades 9-12 Condensed Practices  
 

 
 
Analyzing data in 9-12 builds on K- 8 and progresses to  

introducing more detailed statistical analysis, the  

comparison of data sets for consistency, and the use of 

models to generate and analyze data.  

 

computational, mathematical) to generate and  

analyze data in order to make valid and reliable 

scientific claims or determine an optimal design 

solution.  

 

selection) when analyzing and interpreting data. 

 

intercept, and correlation coefficient for linear fits.  

 

self- generated, archival) to examine consistency of 

measurements and observations.  

 

explanation of a phenomenon or design solution.  
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Science and  

Engineering Practices  

Using mathematics  

and computational  

thinking  

 
 
 
Defined as   

 
In both science and engineering, mathematics and  

computation are fundamental tools for  

representing physical variables and their  

relationships. They are used for a range of tasks  

such as constructing simulations; statistically  

analyzing data; and recognizing, expressing, and 

applying quantitative relationships.  

Mathematical and computational approaches  

enable scientists and engineers to predict the  

behavior of systems and test the validity of such  

predictions. Statistical methods are frequently  

used to identify significant patterns and establish 

correlational relationships.  

  
 

 
Grades 9-12 Condensed Practices  

 
Mathematical and computational thinking at the 9-12 level  
builds on K-8 and progresses to using algebraic thinking and 

analysis, a range of linear and nonlinear functions including  
trigonometric functions, exponentials and logarithms, and  
computational tools for statistical analysis to analyze,  
represent, and model data. Simple computational simulations 

are created and used based on mathematical models of basic 

assumptions.  
 

phenomena or design solutions to create explanations, 
computational models, or simulations.  

 
or design solutions in order to solve algebraically for 

desired quantities.  
 

computer programs or algorithms, or simulations to see  
if a model ―makes sense‖ by comparing the outcomes 

with what is known about the real world.  
 

structure data (e.g., displays, tables, graphs) to find  
regularities, patterns (e.g., fitting mathematical curves 
to data), and relationships in data.  

 
simulations; statistically analyzing data; and  
recognizing, expressing, and applying quantitative 

relationships.  
 

scientists and engineers to predict the behavior of 

systems and test the validity of such predictions.  
Statistical methods are frequently used to identify  
significant patterns and establish correlational 

relationships.  
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Science and  

Engineering Practices  

Constructing  

explanations (for  

science) and  

designing solutions  

(for engineering)  

 
 
 
Defined as   

 
The products of science are explanations and the 

products of engineering are solutions.  

The goal of science is the construction of theories 

that provide explanatory accounts of the world. A  

theory becomes accepted when it has multiple  

lines of empirical evidence and greater  

explanatory power of phenomena than previous 

theories.  

The goal of engineering design is to find a  

systematic solution to problems that is based on 

scientific knowledge and models of the material  

world. Each proposed solution results from a  

process of balancing competing criteria of desired  

functions, technical feasibility, cost, safety,  

aesthetics, and compliance with legal  

requirements. The optimal choice depends on  

how well the proposed solutions meet criteria and 

constraints.  

  
 

 
Grades 9-12 Condensed Practices  

 
Constructing explanations and designing solutions in 9-  

12 builds on K-8 experiences and progresses to  

explanations and designs that are supported by multiple 

and independent student-generated sources of evidence  

consistent with scientific knowledge, principles, and 

theories.  

 

between dependent and independent variables.  

 

evidence to claims and show why the data are 

adequate for the explanation or conclusion.  

 

based on evidence obtained from a variety of sources 

(e.g., scientific principles, models, theories) and peer 

review.  

 

empirical evidence from multiple sources and the 

assumption that natural laws operate today as they  

did in the past and will continue to do so in the 

future.  

 

by taking into account possible unanticipated effects.  
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Science and  Defined as   Grades 9-12 Condensed Practices  

Engineering Practices  

Engaging in argument Argumentation is the process by which  Engaging in argument from evidence in 9-12 builds from  

from evidence  explanations and solutions are reached.  

In science and engineering, reasoning and  

argument based on evidence are essential to 

identifying the best explanation for a natural 

phenomenon or the best solution to a design 

problem.  

Scientists and engineers use argumentation to  

listen to, compare, and evaluate competing ideas 

and methods based on merits.  

Scientists and engineers engage in argumentation  

when investigating a phenomenon, testing a  

design solution, resolving questions about  

measurements, building data models, and using  

evidence to identify strengths and weaknesses of 

claims.  

K-8 experiences and progresses to using appropriate and 
sufficient evidence and scientific reasoning to defend and  

critique claims and explanations about the natural and  

designed world. Arguments may also come from current 

scientific or historical episodes in science.  

 

in light of new evidence, limitations (e.g., trade-offs), 

constraints, and ethical issues.  

ate the merits of competing arguments, design  

solutions, and/or models.  

 

currently accepted explanations or solutions as a 

basis for the merits of the arguments.  

-argument that is based in data  

and evidence that challenges another proposed 

argument.  
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Science and  

Engineering Practices  

Obtaining, evaluating,  

and communicating  

information  

 
 
 
Defined as   
 

Scientists and engineers must be able to  

communicate clearly and persuasively the ideas  

and methods they generate. Critiquing and  

communicating ideas individually and in groups 

is a critical professional activity. Communicating  

information and ideas can be done in multiple  

ways: using tables, diagrams, graphs, models, and  

equations as well as orally, in writing, and  

through extended discussions. Scientists and 

engineers employ multiple sources to acquire  

information that is used to evaluate the merit and 

validity of claims, methods, and designs.  

  
 

 
Grades 9-12 Condensed Practices  

 
Obtaining, evaluating, and communicating information in  

9-12 builds on K-8 and progresses to evaluating the  

validity and reliability of the claims, methods, and 

designs.  

 

classroom use to identify key ideas and major points  

and to evaluate the validity and reliability of the 

claims, methods, and designs.  

 

claims, methods, and designs that appear in scientific 

and technical texts or media reports.  

 

technical writing and speaking and produce written  

and illustrated texts or oral presentations that 

communicate ideas and accomplishments.  
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Note to Teachers:  

The following tables summarize the Common Core State Standards  

of English Language Arts & Literacy in History/Social Studies, 

Science and Technical Subjects.  

 
 

IN ADDITION TO TEACHING AND IMPLETMENATING  

THE CURRENT HIGH SCHOOL SCIENCE CURRICULUM, 

TEACHERS MUST CONSISTENTLY INCORPORATE AND 

INTEGRATE THE "COMMON CORE STATE STANDARDS  

OF ENGLISH LANGUAGE ARTS & LITERACY IN  

HISTORY/SOCIAL STUDIES, SCIENCE AND TECHNICAL 

SUBJECTS" INTO DAILY CLASSROOM INSTRUCTION.  
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The following Tables summarize the "Literacy in Science and Technical Subjects" for 9-10 & 11-12 Grades. There are Reading Standards & Writing Standards.  

Reading Standards for Literacy in Science and Technical Subjects.  
Each number 1-10 is a College and Career Readiness Anchor Standard  

No. Grades 9-10 Students  

Key Ideas and Details  

1 Cite specific textual evidence to support  

analysis of science and technical texts,  

attending to the precise details of 

explanations or descriptions.  

2 Determine the central ideas or  

conclusions of a text; trace the text's  

explanation or depiction of a complex  

process, phenomenon, or concept;  

provide an accurate summary of the text.  

3 Follow precisely a complex multistep  

procedure when carrying out  

experiments, taking measurements, or  

performing technical tasks, attending to  

special cases or exceptions defined in 

the text.  

Grades 11-12 students  
 

 

Cite specific textual evidence to support analysis of science and  

technical texts, attending to important distinctions the author 

makes and to any gaps or inconsistencies in the account.  
 

 

Determine the central ideas or conclusions of a text; summarize  

complex concepts, processes, or information presented in a text by 

paraphrasing them in simpler but still accurate terms.  
 

 
 

Follow precisely a complex multistep procedure when carrying out  

experiments, taking measurements, or performing technical tasks; 

analyze the specific results based on explanations in the text.  
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Craft and Structure  

4 Determine the meaning of symbols, key  Determine the meaning of symbols, key terms, and other domain-  

terms, and other domain-specific words   specific words and phrases as they are used in a specific scientific 

and phrases as they are used in a specific  or technical context relevant to grades 11-12 texts and topics.  

scientific or technical context relevant to  

grades 9-10 texts and topics.  

5 Analyze the structure of the relationships  Analyze how the text structures information or ideas into  

among concepts in a text, including  categories or hierarchies, demonstrating understanding of the  

relationships among key terms (e.g.,  information or ideas.  

force, friction, reaction force, energy).  

6 Analyze the author's purpose in  Analyze the author's purpose in providing an explanation,  

providing an explanation, describing a  describing a procedure, or discussing an experiment in a text,  

procedure, or discussing an experiment  identifying important issues that remain unresolved.  

in a text, defining the question the author  

seeks to address.  
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Integration of Knowledge and Ideas  

7 Translate quantitative or technical  Integrate and evaluate multiple sources of information presented in  

information expressed in words in a text     diverse formats and media (e.g., quantitative data, video,  

into visual form (e.g., a table or chart)     multimedia) in order to address a question or solve a problem.  

and translate information expressed  

visually or mathematically (e.g., in an 

equation) into words.  

8 Assess the extent to which the reasoning     Evaluate the hypotheses, data, analysis, and conclusions in a  

and evidence in a text support the     science or technical text, verifying the data when possible and  
 
 
 

9 

author's claim or a recommendation for      corroborating or challenging conclusions with other sources of 

solving a scientific or technical problem.    information.  

Compare and contrast findings presented     Synthesize information from a range of sources (e.g., texts,  

in a text to those from other sources 

(including their own experiments), 

noting when the findings support or 

contradict previous explanations or 

accounts.  

  experiments, simulations) into a coherent understanding of a  

  process, phenomenon, or concept, resolving conflicting        

  information when possible.  

Range of Reading and Level of Text Complexity  
10 By the end of grade 10, read and    By the end of grade 12, read and comprehend science/technical  

comprehend science/technical texts in    texts in the grades 11-CCR text complexity band independently  

the grades 9-10 text complexity band     and proficiently.  

independently and proficiently.   
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The following Tables summarize the "Literacy in Science and Technical Subjects" for 9-10 & 11-12 Grades. There are Reading Standards & Writing Standards.  

Writing Standards for Literacy in Science and Technical Subjects.  
Each number 1-10 is a College and Career Readiness Anchor Standard  

No. Grades 9-10 Students  Grades 11-12 students  

Text Types and Purposes  

1 Write arguments focused on discipline-  Write arguments focused on discipline-specific content.  

specific content.  a. Introduce precise, knowledgeable claim(s), establish the  

a. Introduce precise claim(s), distinguish  significance of the claim(s), distinguish the claim(s) from alternate  

the claim(s) from alternate or opposing  or opposing claims, and create an organization that logically  

claims, and create an organization that  sequences the claim(s), counterclaims, reasons, and evidence.  

establishes clear relationships among the  b. Develop claim(s) and counterclaims fairly and thoroughly,  

claim(s), counterclaims, reasons, and  supplying the most relevant data and evidence for each while 

evidence.  pointing out the strengths and limitations of both claim(s) and  

b. Develop claim(s) and counterclaims  counterclaims in a discipline-appropriate form that anticipates the  

fairly, supplying data and evidence for  audience's knowledge level, concerns, values, and possible biases.  

each while pointing out the strengths  c. Use words, phrases, and clauses as well as varied syntax to link  

and limitations of both claim(s) and  the major sections of the text, create cohesion, and clarify the  

counterclaims in a discipline-appropriate  relationships between claim(s) and reasons, between reasons and  

form and in a manner that anticipates the  evidence, and between claim(s) and counterclaims.  

audience's knowledge level and  d. Establish and maintain a formal style and objective tone while 

concerns.  attending to the norms and conventions of the discipline in which  

c. Use words, phrases, and clauses to  they are writing.  

link the major sections of the text, create  e. Provide a concluding statement or section that follows from or  

cohesion, and clarify the relationships  supports the argument presented.  

between claim(s) and reasons, between  

reasons and evidence, and between  
claim(s) and counterclaims.  
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d. Establish and maintain a formal style 

and objective tone while attending to the 

norms and conventions of the discipline 

in which they are writing.  

e. Provide a concluding statement or  

section that follows from or supports the 

argument presented.  

  

2 Write informative/explanatory texts,  Write informative/explanatory texts, including the narration of  

including the narration of historical  historical events, scientific procedures/ experiments, or technical  

events, scientific procedures/  processes.  

experiments, or technical processes.  a. Introduce a topic and organize complex ideas, concepts, and  

a. Introduce a topic and organize ideas,  information so that each new element builds on that which 

concepts, and information to make  precedes it to create a unified whole; include formatting 

when   (e.g., important connections and distinctions;  headings),  

  graphics (e.g., figures, tables), and multimedia 

include formatting (e.g., headings),  useful to aiding comprehension.  

graphics (e.g., figures, tables), and  b. Develop the topic thoroughly by selecting the most significant  

multimedia when useful to aiding  and relevant facts, extended definitions, concrete details, 

comprehension.  quotations, or other information and examples appropriate  

 to the  

b. Develop the topic with well-chosen,  audience's knowledge of the topic.  

relevant, and sufficient facts, extended  c. Use varied transitions and sentence structures to link the major  

definitions, concrete details, quotations,  sections of the text, create cohesion, and clarify the relationships  

or other information and examples  among complex ideas and concepts.  

appropriate to the audience's knowledge  d. Use precise language, domain-specific vocabulary and of 

the topic.  techniques such as metaphor, simile, and analogy to 

manage the  

c. Use varied transitions and sentence  complexity of the topic; convey a knowledgeable stance in a style  
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structures to link the major sections of  

the text, create cohesion, and clarify the 

relationships among ideas and concepts.  

d. Use precise language and domain-  

specific vocabulary to manage the  

complexity of the topic and convey a 

style appropriate to the discipline and 

context as well as to the expertise of 

likely readers.  

e. Establish and maintain a formal style 

and objective tone while attending to the 

norms and conventions of the discipline 

in which they are writing.  

f. Provide a concluding statement or  

section that follows from and supports  

the information or explanation presented  

(e.g., articulating implications or the 

significance of the topic).  

Physical Science Pacing Guide  
 

 

that responds to the discipline and context as well as to the 

expertise of likely readers.  

e. Provide a concluding statement or section that follows from and 

supports the information or explanation provided (e.g., articulating 

implications or the significance of the topic).  

 

 

3 Students' narrative skills continue to grow in these grades. The Standards require that students be able to  

incorporate narrative elements effectively into arguments and informative/explanatory texts. In history/social  

studies, students must be able to incorporate narrative accounts into their analyses of individuals or events of 

historical import. In science and technical subjects, students must be able to write precise enough descriptions 

of the step-by-step procedures they use in their investigations or technical work that others can replicate them 

and (possibly) reach the same results.  
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Production and Distribution of Writing  

4 Produce clear and coherent writing in  Produce clear and coherent writing in which the development,  

which the development, organization,  organization, and style are appropriate to task, purpose, and  

and style are appropriate to task,  audience.  

purpose, and audience.  

5 Develop and strengthen writing as  Develop and strengthen writing as needed by planning, revising,  

needed by planning, revising, editing,  editing, rewriting, or trying a new approach, focusing on  

rewriting, or trying a new approach,  addressing what is most significant for a specific purpose and  

focusing on addressing what is most  audience.  

significant for a specific purpose and  

audience  

6 Use technology, including the Internet,  Use technology, including the Internet, to produce, publish, and  

to produce, publish, and update  update individual or shared writing products in response to  

individual or shared writing products,  ongoing feedback, including new arguments or information.  

taking advantage of technology's  

capacity to link to other information and  

to display information flexibly and 

dynamically.  

Research to Build and Present Knowledge  

7 Conduct short as well as more sustained  Conduct short as well as more sustained research projects to  

research projects to answer a question  answer a question (including a self- generated question) or solve a  

(including a self- generated question) or  problem; narrow or broaden the inquiry when appropriate;  

solve a problem; narrow or broaden the  synthesize multiple sources on the subject, demonstrating  

inquiry when appropriate; synthesize  understanding of the subject under investigation.  

multiple sources on the subject,  

demonstrating understanding of the subject 

under investigation.  
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8 Gather relevant information from   Gather relevant information from multiple authoritative print and  

multiple authoritative print and digital   digital sources, using advanced searches effectively; assess the  

sources, using advanced searches   strengths and limitations of each source in terms of the specific  

effectively; assess the usefulness of each   task, purpose, and audience; integrate information into the text 

source in answering the research   selectively to maintain the flow of ideas, avoiding plagiarism 

and  

question; integrate information into the   overreliance on any one source and following a standard format  

text selectively to maintain the flow of   for citation.  

ideas, avoiding plagiarism and following a 

standard format for citation.  

9 Draw evidence from informational texts   Draw evidence from informational texts to support analysis,  

to support analysis, reflection, and   reflection, and research. 

research.  
 
 
 
 
 
 
 
 

Range of Reading and Level of Text Complexity  

10 Write routinely over extended time   Write routinely over extended time frames (time for reflection and  

frames (time for reflection and revision)   revision) and shorter time frames (a single sitting or a day or two) 

and shorter time frames                    (a single sitting for a range of discipline-specific tasks, purposes,  

and audiences.  

or a day or two) for a range of  

discipline-specific tasks, purposes, and 

audiences.  
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