Do-It-Yourself Science

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).

Simple instruments, such as magnifiers, thermometers, and rulers, provide more
information than scientists obtain using only their senses.

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

Scientists make the results of their investigations public; they describe the investigations
in ways that enable others to repeat the investigations.

Scientists review and ask questions about the results of other scientists' work.

Physical Science
Properties of objects and materials

Objects have many observable properties, including size, weight, shape, color,
temperature, and the ability to react with other substances. Those properties can be
measured using tools, such as rulers, balances, and thermometers.

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.

History and Nature of Science
Science as a human endeavor

Grades 5-8

Science and technology have been practiced by people for a long time.

Although men and women using scientific inquiry have learned much about the objects,
events, and phenomena in nature, much more remains to be understood. Science will
never be finished.

Many people choose science as a career and devote their entire lives to studying it. Many
people derive great pleasure from doing science.

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.

- Technology used to gather data enhances accuracy and allows scientists to analyze and
quantify results of investigations.

- 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
Motions and forces
- If more than one force acts on an object along a straight line, then the forces will
reinforce or cancel one another, depending on their direction and magnitude.
Unbalanced forces will cause changes in the speed or direction of an object's motion.
Transfer of energy
- Heat moves in predictable ways, flowing from warmer objects to cooler ones, until both
reach the same temperature.

Earth and Space Science
Structure of the earth system
- The atmosphere is a mixture of nitrogen, oxygen, and trace gases that include water
vapor. The atmosphere has different properties at different elevations.

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.

History and Nature of Science
Nature of science
- Scientists formulate and test their explanations of nature using observation,
experiments, and theoretical and mathematical models. Although all scientific ideas are
tentative and subject to change and improvement in principle, for most major ideas in
science, there is much experimental and observational confirmation. Those ideas are not
likely to change greatly in the future. Scientists do and have changed their ideas about
nature when they encounter new experimental evidence that does not match their
existing explanations.

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.
- Use technology and mathematics to improve investigations and communications.
- Formulate and revise scientific explanations and models using logic and evidence.
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
- Atoms interact with one another by transferring or sharing electrons that are furthest
from the nucleus. These outer electrons govern the chemical properties of the element.
Motions and forces
- Objects change their motion only when a net force is applied. Laws of motion are used
to calculate precisely the effects of forces on the motion of objects. The magnitude of the
change in motion can be calculated using the relationship F = ma, which is independent
of the nature of the force. Whenever one object exerts force on another, a force equal in
magnitude and opposite in direction is exerted on the first object.
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
- 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.

Nature of scientific knowledge

- Science distinguishes itself from other ways of knowing and from other bodies of
knowledge through the use of empirical standards, logical arguments, and skepticism,
as scientists strive for the best possible explanations about the natural world.

- Scientific explanations must meet certain criteria. First and foremost, they must be
consistent with experimental and observational evidence about nature, and must make
accurate predictions, when appropriate, about systems being studied. They should also
be logical, respect the rules of evidence, be open to criticism, report methods and
procedures, and make knowledge public. Explanations on how the natural world
changes based on myths, personal beliefs, religious values, mystical scientific.

- Because all scientific ideas depend on experimental and observational confirmation, all
scientific knowledge is, in principle, subject to change as new evidence becomes
available. The core ideas of science such as the conservation of energy or the laws of
motion have been subjected to a wide variety of confirmations and are therefore unlikely
to change in the areas in which they have been tested. In areas where data or



understanding are incomplete, such as the details of human evolution or questions
surrounding global warming, new data may well lead to changes in current ideas or
resolve current conflicts. In situations where information is still fragmentary, it is normal
for scientific ideas to be incomplete, but this is also where the opportunity for making
advances may be greatest.



