
8 science and engineering practices

8 science and engineering practices are fundamental approaches that guide scientific inquiry and engineering design.
These practices provide a framework for understanding and applying scientific concepts effectively while
fostering critical thinking and problem-solving skills. By incorporating these methods, educators and
professionals enhance the learning experience and improve the development of innovative solutions. This article
explores each of the eight science and engineering practices in detail, emphasizing their importance and application
in various contexts. Readers will gain a comprehensive understanding of these practices and how they
contribute to advancing science and technology. Below is an overview of the main sections covered in this
article.

Asking Questions and Defining Problems

Developing and Using Models

Planning and Carrying Out Investigations

Analyzing and Interpreting Data

Using Mathematics and Computational Thinking

Constructing Explanations and Designing Solutions

Engaging in Argument from Evidence

Obtaining, Evaluating, and Communicating Information

Asking Questions and Defining Problems

The first of the 8 science and engineering practices involves formulating precise questions and clearly defining
problems. This step is essential for setting the direction of scientific inquiry or engineering design. In science,
asking questions leads to hypotheses that can be tested through experimentation. In engineering, defining
problems helps identify the constraints and criteria necessary for developing viable solutions.

Effective questions are specific, measurable, and focused on phenomena or challenges that can be explored
systematically. Similarly, well-defined problems include clear parameters and objectives, ensuring that efforts
are targeted and productive.

Importance of Clear Questions and Problem Statements

Clear questions and problem definitions enable researchers and engineers to:

Focus investigations on relevant variables

Clarify the purpose of experiments or designs

Facilitate communication among team members

Guide the selection of appropriate methods and tools



Developing and Using Models

Developing and using models is a critical practice within the 8 science and engineering practices, enabling
simplification and representation of complex systems. Models can be physical, mathematical, or conceptual and
serve as tools for understanding, predicting, and communicating scientific phenomena or engineering processes.

Models allow scientists and engineers to simulate scenarios, test hypotheses, and evaluate potential
outcomes without requiring direct experimentation in all cases. This practice supports iterative refinement, as
models are continuously updated based on new data and insights.

Types of Models in Science and Engineering

Common types of models include:

Physical models: tangible representations such as prototypes or scaled objects

Mathematical models: equations and algorithms that describe relationships among variables

Conceptual models: diagrams or flowcharts illustrating processes or systems

Planning and Carrying Out Investigations

This practice emphasizes the design and execution of systematic investigations to gather empirical evidence.
Planning involves selecting variables, determining control measures, and establishing procedures that ensure
reliable and valid results. Carrying out investigations requires adherence to protocols, safety standards, and
accurate data collection techniques.

Both scientific and engineering investigations benefit from careful planning to minimize errors and biases. This
practice fosters reproducibility and transparency, which are cornerstones of credible research and development.

Key Elements of Effective Investigations

Successful investigations typically include:

Identification of independent and dependent variables1.

Use of control groups or baseline measurements2.

Replication to confirm findings3.

Documentation of procedures and observations4.

Analyzing and Interpreting Data

Analyzing and interpreting data is a fundamental aspect of the 8 science and engineering practices, involving the
examination of collected information to identify patterns, trends, and relationships. Data analysis transforms
raw data into meaningful insights that inform conclusions and guide further inquiry or design modifications.

Interpretation involves evaluating data in the context of existing knowledge and hypotheses, considering
uncertainties and limitations. This practice ensures that decisions are evidence-based and scientifically sound.



Methods of Data Analysis

Common data analysis methods include:

Statistical analysis to determine significance and variability

Graphical representations such as charts and scatter plots

Comparative analysis between datasets or experimental groups

Use of software tools for computational data processing

Using Mathematics and Computational Thinking

Mathematics and computational thinking are integral to the 8 science and engineering practices, providing tools
for quantifying phenomena and solving complex problems. Mathematical skills enable precise measurements,
calculations, and modeling, while computational thinking encompasses algorithmic reasoning and data
manipulation.

These practices support the development of simulations, optimization of designs, and automation of analysis,
enhancing efficiency and accuracy in scientific and engineering work.

Applications of Mathematics and Computation

Examples include:

Developing formulas to describe physical laws

Creating computer models to simulate systems

Analyzing large datasets using algorithms

Optimizing engineering designs through computational methods

Constructing Explanations and Designing Solutions

Constructing explanations and designing solutions involve synthesizing evidence and applying scientific
principles to explain natural phenomena or solve engineering challenges. This practice requires integrating data,
models, and theoretical frameworks to develop coherent and logical explanations or innovations.

In engineering, designing solutions includes generating multiple design options, evaluating trade-offs, and
selecting the most effective approach based on criteria and constraints.

Steps in Explanation and Design

Key steps include:

Gathering and evaluating evidence1.

Formulating explanations consistent with data2.



Brainstorming and prototyping design alternatives3.

Testing and refining solutions based on feedback4.

Engaging in Argument from Evidence

This practice focuses on constructing and critiquing arguments supported by empirical evidence. It fosters
critical evaluation of claims and encourages collaboration through scientific discourse. Engaging in argument
from evidence helps clarify reasoning, identify assumptions, and resolve disagreements based on data.

Both scientists and engineers use this practice to validate conclusions, justify decisions, and communicate
findings effectively.

Components of Scientific and Engineering Arguments

Essential components include:

Claims: statements or conclusions

Evidence: data supporting the claims

Reasoning: logical connections between evidence and claims

Counterarguments: consideration of alternative explanations

Obtaining, Evaluating, and Communicating Information

The final practice involves gathering relevant information from credible sources, critically assessing its
validity, and effectively communicating findings. This process ensures that scientific and engineering knowledge is
accurate, reliable, and accessible to diverse audiences.

Effective communication includes writing reports, presenting data visually, and using clear language tailored
to the audience’s level of expertise.

Strategies for Effective Information Handling

Key strategies encompass:

Evaluating source credibility and bias

Synthesizing information from multiple references

Utilizing various communication formats such as presentations and publications

Adapting messages for different audiences, including peers, policymakers, and the public



Frequently Asked Questions

What are the 8 science and engineering practices in the Next Generation
Science Standards?

The 8 science and engineering practices are: 1) Asking questions (for science) and defining problems (for
engineering), 2) Developing and using models, 3) Planning and carrying out investigations, 4) Analyzing and
interpreting data, 5) Using mathematics and computational thinking, 6) Constructing explanations (for
science) and designing solutions (for engineering), 7) Engaging in argument from evidence, and 8) Obtaining,
evaluating, and communicating information.

Why are the 8 science and engineering practices important in STEM education?

The 8 practices are important because they emphasize active learning and critical thinking, helping students to
engage in scientific inquiry and engineering design processes. They promote understanding of how science and
engineering work in real-world contexts, fostering skills such as problem-solving, data analysis, and effective
communication.

How can teachers integrate the 8 science and engineering practices into their
classroom instruction?

Teachers can integrate the practices by designing lessons and activities that encourage students to ask
questions, develop models, conduct investigations, analyze data, use math, construct explanations, argue
from evidence, and communicate findings. This can be done through hands-on experiments, collaborative projects,
and authentic problem-solving tasks aligned with curriculum standards.

What is the difference between 'constructing explanations' and 'designing
solutions' in the 8 practices?

'Constructing explanations' refers to the science practice of developing scientific explanations for phenomena
based on evidence. 'Designing solutions' pertains to engineering and involves creating and optimizing solutions to
problems, often considering constraints and trade-offs. Both involve applying knowledge but serve different
purposes within science and engineering contexts.

Can the 8 science and engineering practices be applied outside of science and
engineering fields?

Yes, these practices develop critical thinking, problem-solving, and communication skills that are valuable
across many disciplines and careers. Skills like data analysis, modeling, and evidence-based argumentation are
applicable in fields such as healthcare, business, technology, and education.

How do the 8 science and engineering practices support students in developing
scientific literacy?

By engaging students in authentic scientific and engineering processes, the practices help them understand how
knowledge is developed and validated. This promotes scientific literacy by enabling students to critically
evaluate information, understand scientific concepts deeply, and make informed decisions based on evidence.

Additional Resources
1. Asking Questions and Defining Problems in Science



This book explores the foundational practice of formulating scientific questions and identifying research
problems. It guides readers through techniques for developing clear, testable questions that drive meaningful
investigations. Case studies demonstrate how this practice leads to breakthroughs in various scientific fields.

2. Developing and Using Models in Engineering
Focused on the creation and application of models, this book delves into how engineers use representations to
understand, predict, and optimize systems. It covers physical, mathematical, and computational models,
emphasizing their role in problem-solving and design processes. Readers will learn how to critically evaluate
and refine models for better accuracy.

3. Planning and Carrying Out Investigations
This practical guide details the steps necessary to design and implement scientific investigations effectively. It
addresses experimental design, control of variables, data collection techniques, and ethical considerations.
The book includes examples from different scientific disciplines to illustrate best practices.

4. Analyzing and Interpreting Data for Scientific Insight
Covering methods of data analysis, this book teaches readers how to process, visualize, and draw conclusions
from scientific data. It discusses statistical tools, error analysis, and the importance of reproducibility. The
text highlights how careful interpretation can lead to new understanding and innovation.

5. Using Mathematics and Computational Thinking in Science
This book emphasizes the integration of mathematical reasoning and computational tools in scientific inquiry. It
provides strategies for quantifying phenomena, developing algorithms, and simulating systems. Examples include
modeling natural processes and analyzing large datasets to uncover patterns.

6. Constructing Explanations and Designing Solutions in Engineering
Focused on the dual roles of explanation and design, this resource helps readers articulate scientific phenomena
and develop engineering solutions. It presents frameworks for linking evidence to claims and iterating designs
based on testing outcomes. The book also explores creativity and practical constraints in engineering projects.

7. Engaging in Argument from Evidence in Science
This title explores the critical practice of constructing and evaluating arguments based on empirical evidence.
It provides tools for reasoning logically, recognizing biases, and communicating scientific arguments
effectively. Through examples, readers learn to engage in productive scientific discourse and debate.

8. Obtaining, Evaluating, and Communicating Information in STEM
This book covers the collection and assessment of scientific information from various sources, including
literature, experiments, and digital media. It emphasizes critical evaluation skills and effective communication
techniques for diverse audiences. The text also discusses the ethical use of information and the importance of
transparency.

9. Integrating Science and Engineering Practices for Innovation
Bringing together the eight core practices, this book illustrates how their integration drives scientific
discovery and technological advancement. It features interdisciplinary projects and real-world examples where
multiple practices intersect. Readers will gain insight into collaborative problem-solving and the iterative
nature of STEM work.
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