APPENDIX F — Science and Engineering Practices in the NGSS
(http://lwww.nextgenscience.org/sites/default/files/Appendix F Science and Engineering
Practices in the NGSS - FINAL 060513.pdf)

Practice 1 Asking Questions and Defining Problems

Students at any grade level should be able to ask questions of each other about the texts they read, the features of the
phenomena they observe, and the conclusions they draw from their models or scientific investigations. For
engineering, they should ask questions to define the problem to be solved and to elicit ideas that lead to the
constraints and specifications for its solution. (NRC Framework 2012, p. 56)

Practice 2 Developing and Using Models

Modeling can begin in the earliest grades, with students’ models progressing from concrete “pictures” and/or
physical scale models (e.g., a toy car) to more abstract representations of relevant relationships in later grades, such
as a diagram representing forces on a particular object in a system. (NRC Framework, 2012, p. 58)

Practice 4 Analyzing and Interpreting Data

Once collected, data must be presented in a form that can reveal any patterns and relationships and that allows
results to be communicated to others. Because raw data as such have little meaning, a major practice of scientists is
to organize and interpret data through tabulating, graphing, or statistical analysis. Such analysis can bring out the
meaning of data—and their relevance—so that they may be used as evidence.

Engineers, too, make decisions based on evidence that a given design will work; they rarely rely on trial and error.
Engineers often analyze a design by creating a model or prototype and collecting extensive data on how it performs,
including under extreme conditions. Analysis of this kind of data not only informs design decisions and enables the
prediction or assessment of performance but also helps define or clarify problems, determine economic feasibility,
evaluate alternatives, and investigate failures. (NRC Framework, 2012, p. 61-62)

Practice 5 Using Mathematics and Computational Thinking

Although there are differences in how mathematics and computational thinking are applied in science and in
engineering, mathematics often brings these two fields together by enabling engineers to apply the mathematical
form of scientific theories and by enabling scientists to use powerful information technologies designed by
engineers. Both kinds of professionals can thereby accomplish investigations and analyses and build complex
models, which might otherwise be out of the question. (NRC Framework, 2012, p. 65)

Practice 6 Constructing Explanations and Designing Solutions

The goal of science is to construct explanations for the causes of phenomena. Students are expected to construct
their own explanations, as well as apply standard explanations they learn about from their teachers or reading. The
Framework states the following about explanation:



“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.”(NRC Framework, 2012, p. 52)

An explanation includes a claim that relates how a variable or variables relate to another variable or a set of
variables. A claim is often made in response to a question and in the process of answering the question, scientists
often design investigations to generate data.

The goal of engineering is to solve problems. Designing solutions to problems is a systematic process that involves
defining the problem, then generating, testing, and improving solutions. This practice is described in the Framework
as follows.

Asking students to demonstrate their own understanding of the implications of a scientific idea by developing their
own explanations of phenomena, whether based on observations they have made or models they have developed,
engages them in an essential part of the process by which conceptual change can occur.

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. (NRC Framework, 2012, p. 68-69)

Practice 7 Engaging in Argument from Evidence

The study of science and engineering should produce a sense of the process of argument necessary for advancing
and defending a new idea or an explanation of a phenomenon and the norms for conducting such arguments. In that
spirit, students should argue for the explanations they construct, defend their interpretations of the associated data,
and advocate for the designs they propose. (NRC Framework, 2012, p. 73)

Argumentation is a process for reaching agreements about explanations and design solutions. In science, reasoning
and argument based on evidence are essential in identifying the best explanation for a natural phenomenon. In
engineering, reasoning and argument are needed to identify the best solution to a design problem. Student
engagement in scientific argumentation is critical if students are to understand the culture in which scientists live,
and how to apply science and engineering for the benefit of society. As such, argument is a process based on
evidence and reasoning that leads to explanations acceptable by the scientific community and design solutions
acceptable by the engineering community.

Argument in science goes beyond reaching agreements in explanations and design solutions. Whether investigating
a phenomenon, testing a design, or constructing a model to provide a mechanism for an explanation, students are
expected to use argumentation to listen to, compare, and evaluate competing ideas and methods based on their
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 evaluate claims.



