
what are the 8 science and engineering
practices
What are the 8 science and engineering practices? The National Research Council (NRC)
developed a framework for K-12 science education that emphasizes the importance of integrating
scientific content with practices that characterize the work of scientists and engineers.
Understanding these practices is crucial for educators, students, and anyone interested in fostering
scientific literacy and engineering skills. The eight practices provide a foundation for students to
engage actively with scientific inquiry and engineering design. This article will explore each of these
practices in detail, their significance in education, and how they can be implemented in classrooms.

1. Asking Questions and Defining Problems

Asking questions is a fundamental practice in both science and engineering. It involves identifying
what is unknown or unclear and formulating inquiries that guide investigations or problem-solving
efforts.

Importance
- Promotes critical thinking: Developing the ability to ask meaningful questions encourages students
to think critically and analytically.
- Guides investigations: Questions provide a clear direction for scientific inquiry and engineering
design, helping students focus their efforts.

Implementation in the Classroom
- Encourage student-led inquiries: Allow students to formulate their own questions based on their
interests or observations.
- Use problem-based learning: Present real-world problems that require students to define the issues
before exploring solutions.

2. Developing and Using Models

Models serve as representations of systems, processes, or phenomena. They can be physical,
conceptual, or mathematical and are essential in understanding and predicting behavior in scientific
and engineering contexts.

Importance
- Enhances understanding: Models allow students to visualize complex concepts and make abstract
ideas more concrete.



- Facilitates communication: Students can use models to share their ideas and findings with peers,
promoting collaborative learning.

Implementation in the Classroom
- Integrate various types of models: Use simulations, diagrams, and physical models to represent
scientific concepts.
- Encourage students to create their own models: Have students design models based on their
investigations or to solve specific problems.

3. Planning and Carrying Out Investigations

This practice involves designing and conducting investigations to gather data and answer questions.
It encompasses the entire process, from planning to execution and analysis.

Importance
- Develops procedural skills: Students learn to plan experiments, control variables, and collect data
systematically.
- Fosters scientific reasoning: Engaging in investigations helps students understand the nature of
scientific inquiry and the importance of evidence.

Implementation in the Classroom
- Use inquiry-based learning: Allow students to explore scientific questions through hands-on
investigations.
- Teach experimental design: Provide guidance on how to formulate hypotheses, control variables,
and analyze data.

4. Analyzing and Interpreting Data

Once data is collected, it must be analyzed and interpreted to draw conclusions. This practice
involves examining data sets, identifying patterns, and making inferences based on evidence.

Importance
- Strengthens analytical skills: Students learn to evaluate data critically and use it to support or
refute claims.
- Enhances problem-solving: Analyzing data helps students develop solutions based on empirical
evidence.



Implementation in the Classroom
- Teach data analysis techniques: Introduce students to various methods for analyzing and
visualizing data, such as graphs and statistical tools.
- Provide real-world data: Use authentic datasets for students to practice analysis and interpretation.

5. Using Mathematics and Computational Thinking

Mathematics and computational thinking are integral to scientific and engineering practices. They
provide tools for modeling, analyzing data, and solving problems.

Importance
- Builds quantitative reasoning: Students develop the ability to apply mathematical concepts to real-
world situations.
- Encourages systematic problem-solving: Computational thinking helps students break down
complex problems into manageable parts.

Implementation in the Classroom
- Integrate math into science lessons: Highlight the mathematical principles behind scientific
concepts and experiments.
- Use programming and simulations: Introduce students to coding and simulation tools that facilitate
computational thinking.

6. Constructing Explanations and Designing Solutions

This practice focuses on developing explanations based on evidence and designing solutions to
problems. It requires students to use their understanding of concepts and data to create logical
arguments.

Importance
- Enhances reasoning skills: Students learn to construct coherent arguments based on evidence, a
key aspect of scientific literacy.
- Encourages creativity: Designing solutions fosters innovation and creative problem-solving.

Implementation in the Classroom
- Use structured frameworks: Teach students to follow a systematic approach to constructing
explanations and designing solutions.
- Engage in project-based learning: Encourage students to work on projects that require them to
develop and present their solutions.



7. Engaging in Argument from Evidence

Scientific argumentation involves debating and defending ideas based on evidence. This practice
emphasizes the importance of using data and reasoning in discussions and decision-making.

Importance
- Develops communication skills: Students learn to articulate their ideas and respond to
counterarguments effectively.
- Promotes collaborative learning: Engaging in argumentation encourages teamwork and collective
problem-solving.

Implementation in the Classroom
- Foster a discussion-friendly environment: Create a classroom culture where students feel
comfortable sharing and debating ideas.
- Use case studies: Present real-world scenarios that require students to argue different perspectives
based on evidence.

8. Obtaining, Evaluating, and Communicating
Information

This practice involves gathering information from various sources, evaluating its credibility, and
effectively communicating findings. It encompasses research skills essential for scientific inquiry.

Importance
- Enhances research skills: Students learn to navigate academic and informational resources
critically.
- Develops communication proficiency: Effectively conveying information is crucial for collaboration
and public understanding of science.

Implementation in the Classroom
- Teach information literacy: Provide guidance on how to assess the credibility of sources and
synthesize information.
- Encourage presentations: Have students present their findings to peers, promoting public speaking
and communication skills.

Conclusion



The eight science and engineering practices outlined in the NRC framework are essential for
developing a comprehensive understanding of science and engineering among K-12 students. By
integrating these practices into the classroom, educators can promote active learning, critical
thinking, and problem-solving skills. As students engage in these practices, they not only learn
scientific concepts but also cultivate the skills necessary to navigate and contribute to a complex,
technology-driven world. Emphasizing these practices in educational settings will prepare students
to face future challenges and inspire a lifelong interest in science and engineering.

Frequently Asked Questions

What are the 8 science and engineering practices?
The 8 science and engineering practices are: 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, and Obtaining, Evaluating, and Communicating
Information.

How do the science and engineering practices enhance
student learning?
These practices promote critical thinking, problem-solving skills, and hands-on experiences, allowing
students to engage actively with scientific concepts and engineering challenges.

Can you explain the practice of 'Asking Questions and
Defining Problems'?
'Asking Questions and Defining Problems' involves identifying scientific or engineering challenges
and formulating questions that can guide investigations or project designs.

What is the significance of 'Developing and Using Models' in
science and engineering?
'Developing and Using Models' is significant because it allows students to represent and understand
complex systems, predict outcomes, and communicate ideas effectively.

What does 'Planning and Carrying Out Investigations' entail?
'Planning and Carrying Out Investigations' involves designing experiments or studies, collecting data
systematically, and ensuring that procedures are followed to obtain reliable results.

Why is 'Analyzing and Interpreting Data' a crucial practice?
'Analyzing and Interpreting Data' is crucial as it helps students make sense of their findings, identify
patterns, and draw conclusions based on evidence.



How does 'Engaging in Argument from Evidence' contribute to
scientific discussions?
'Engaging in Argument from Evidence' contributes by fostering critical thinking and reasoning skills,
allowing individuals to debate ideas and conclusions based on data and logical reasoning.

What role does 'Obtaining, Evaluating, and Communicating
Information' play in scientific literacy?
'Obtaining, Evaluating, and Communicating Information' plays a key role in scientific literacy by
ensuring that individuals can access reliable information, assess its credibility, and share their
findings effectively with others.
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