Phases of Matter

Grades K-4

Science as Inquiry
Abilities necessary to do scientific inquiry

- Ask a question about objects, organisms, and events in the environment.

- Plan and conduct a simple investigation.

- Employ simple equipment and tools to gather data and extend the senses.

- Use data to construct a reasonable explanation.

Understandings about scientific inquiry

- Scientific investigations involve asking and answering a question and comparing the answer
with what scientists already know about the world.

- Scientists use different kinds of investigations depending on the questions they are trying to
answer. Types of investigations include describing objects, events, and organisms; classifying
them; and doing a fair test (experimenting).

- Scientists develop explanations using observations (evidence) and what they already know
about the world (scientific knowledge). Good explanations are based on evidence from
investigations.

Physical Science
Properties of objects and materials

- Materials can exist in different states—solid, liquid, and gas. Some common materials, such as
water, can be changed from one state to another by heating or cooling.

Science and Technology
Understandings about science and technology

- People have always had questions about their world. Science is one way of answering questions
and explaining the natural world.

- People have always had problems and invented tools and techniques (ways of doing
something) to solve problems. Trying to determine the effects of solutions helps people avoid
some new problems.

- Scientists and engineers often work in teams with different individuals doing different things
that contribute to the results. This understanding focuses primarily on teams working together
and secondarily, on the combination of scientist and engineer teams.

- Women and men of all ages, backgrounds, and groups engage in a variety of scientific and
technological work.

- Tools help scientists make better observations, measurements, and equipment for
investigations. They help scientists see, measure, and do things that they could not otherwise
see, measure, and do.

History and Nature of Science
Science as a human endeavor
- Science and technology have been practiced by people for a long time.
- Many people choose science as a career and devote their entire lives to studying it. Many people
derive great pleasure from doing science.

Grades 5-8

Science as Inquiry
Abilities necessary to do scientific inquiry

- Identify questions that can be answered through scientific investigations.

- Design and conduct a scientific investigation.

- Use appropriate tools and techniques to gather, analyze, and interpret data.

- Develop descriptions, explanations, predictions, and models using evidence.

- Think critically and logically to make the relationships between evidence and explanations.
Understandings about scientific inquiry

- Different kinds of questions suggest different kinds of scientific investigations. Some
investigations involve observing and describing objects, organisms, or events; some involve



collecting specimens; some involve experiments; some involve seeking more information; some
involve discovery of new objects and phenomena; and some involve making models.

- Current scientific knowledge and understanding guide scientific investigations. Different
scientific domains employ different methods, core theories, and standards to advance scientific
knowledge and understanding.

- Scientific explanations emphasize evidence, have logically consistent arguments, and use
scientific principles, models, and theories. The scientific community accepts and uses such
explanations until displaced by better scientific ones. When such displacement occurs, science
advances.

Physical Science
Properties and changes of properties in matter

- A substance has characteristic properties, such as density, a boiling point, and solubility, all of
which are independent of the amount of the sample. A mixture of substances often can be
separated into the original substances using one or more of the characteristic properties.
Transfer of energy

- Energy is a property of many substances and is associated with heat, light, electricity,
mechanical motion, sound, nuclei, and the nature of a chemical. Energy is transferred in many
ways.

- Heat moves in predictable ways, flowing from warmer objects to cooler ones, until both reach
the same temperature.

Science and Technology
Understandings about science and technology

- Scientific inquiry and technological design have similarities and differences. Scientists propose
explanations for questions about the natural world, and engineers propose solutions relating to
human problems, needs, and aspirations. Technological solutions are temporary; technologies
exist within nature and so they cannot contravene physical or biological principles;
technological solutions have side effects; and technologies cost, carry risks, and provide
benefits.

- Many different people in different cultures have made and continue to make contributions to
science and technology.

History and Nature of Science
Science as a human endeavor

- Women and men of various social and ethnic backgrounds—and with diverse interests, talents,
qualities, and motivations—engage in the activities of science, engineering, and related fields
such as the health professions. Some scientists work in teams, and some work alone, but all
communicate extensively with others.

- Science requires different abilities, depending on such factors as the field of study and type of
inquiry. Science is very much a human endeavor, and the work of science relies on basic human
qualities, such as reasoning, insight, energy, skill, and creativity—as well as on scientific habits
of mind, such as intellectual honesty, tolerance of ambiguity, skepticism, and openness to new
ideas.

Grades 9-12

Science as Inquiry
Abilities necessary to do scientific inquiry

- Identify questions and concepts that guide scientific investigations.

- Design and conduct scientific investigations.
Understandings about scientific inquiry

- Scientists usually inquire about how physical, living, or designed systems function. Conceptual
principles and knowledge guide scientific inquiries. Historical and current scientific knowledge
influence the design and interpretation of investigations and the evaluation of proposed
explanations made by other scientists.



- Scientists conduct investigations for a wide variety of reasons. For example, they may wish to
discover new aspects of the natural world, explain recently observed phenomena, or test the
conclusions of prior investigations or the predictions of current theories.

- Scientists rely on technology to enhance the gathering and manipulation of data. New
techniques and tools provide new evidence to guide inquiry and new methods to gather data,
thereby contributing to the advance of science. The accuracy and precision of the data, and
therefore the quality of the exploration, depends on the technology used.

Physical Science
Structure of atoms

- Matter is made of minute particles called atoms, and atoms are composed of even smaller
components. These components have measurable properties, such as mass and electrical charge.
Each atom has a positively charged nucleus surrounded by negatively charged electrons. The
electric force between the nucleus and electrons holds the atom together.
Structure and properties of matter

- Solids, liquids, and gases differ in the distances and angles between molecules or atoms and
therefore the energy that binds them together. In solids the structure is nearly rigid; in liquids
molecules or atoms move around each other but do not move apart; and in gases molecules or
atoms move almost independently of each other and are mostly far apart.
Conservation of energy and the increase in disorder

- Heat consists of random motion and the vibrations of atoms, molecules, and ions. The higher
the temperature, the greater the atomic or molecular motion.

Science and Technology
Understandings about science and technology

- Scientists in different disciplines ask different questions, use different methods of investigation,
and accept different types of evidence to support their disciplines, including engineering. New
disciplines of science, such as geophysics and biochemistry often emerge at the interface of two
older disciplines.

- Creativity, imagination, and a good knowledge base are all required in the work of science and
engineering.

History and Nature of Science
Science as a human endeavor

- Individuals and teams have contributed and will continue to contribute to the scientific
enterprise. Doing science or engineering can be as simple as an individual conducting field
studies or as complex as hundreds of people working on a major scientific question or
technological problem. Pursuing science as a career or as a hobby can be both fascinating and
intellectually rewarding.



