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Grades K-4
Science as Inquiry

Abilities necessary to do scientific inquiry
- Plan and conduct a simple investigation.
- Employ simple equipment and tools to gather data and extend the senses.

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.

Physical Science
Light, heat, electricity, and magnetism

- Heat can be produced in many ways, such as burning, rubbing, or mixing one substance
with another. Heat can move from one object to another by conduction.

Life Science
Organisms and their environments

- All organisms cause changes in the environment where they live. Some of these changes
are detrimental to the organism or other organisms, whereas others are beneficial.

- Humans depend on their natural and constructed environments. Humans change
environments in ways that can be either beneficial or detrimental for themselves and
other organisms.

Earth and Space Science
Properties of earth materials

- Earth materials are solid rocks and soils, water, and the gases of the atmosphere. The
varied materials have different physical and chemical properties, which make them
useful in different ways, for example, as building materials, as sources of fuel, or for
growing the plants we use as food. Earth materials provide many of the resources that
humans use.

Objects in the sky
- The sun provides the light and heat necessary to maintain the temperature of the earth.

Changes in the earth and sky
- The surface of the earth changes. Some changes are due to slow processes, such as

erosion and weathering, and some changes are due to rapid processes, such as
landslides, volcanic eruptions, and earthquakes.

- Weather changes from day to day and over the seasons. Weather can be described by
measurable quantities, such as temperature, wind direction and speed, and
precipitation.

- Objects in the sky have patterns of movement. The sun, for example, appears to move
across the sky in the same way every day, but its path changes slowly over the seasons.
The moon moves across the sky on a daily basis much like the sun. The observable shape
of the moon changes from day to day in a cycle that lasts about a month.

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.

Science in Personal and Social Perspectives
Changes in environments

- Environments are the space, conditions, and factors that affect an individual's and a
population's ability to survive and their quality of life.

- Changes in environments can be natural or influenced by humans. Some changes are
good, some are bad, and some are neither good nor bad. Pollution is a change in the
environment that can influence the health, survival, or activities of organisms, including
humans.

- Some environmental changes occur slowly, and others occur rapidly. Students should
understand the different consequences of changing environments in small increments
over long periods as compared with changing environments in large increments over
short periods.

History and Nature of Science
Science as a human endeavor

- Men and women have made a variety of contributions throughout the history of science
and technology.

- 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.

Grades 5-8
Science as Inquiry

Abilities necessary to do scientific inquiry
- Design and conduct a scientific investigation.
- Use appropriate tools and techniques to gather, analyze, and interpret data.

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.

- Mathematics is important in all aspects of scientific inquiry.
- Technology used to gather data enhances accuracy and allows scientists to analyze and

quantify results of investigations.

Physical Science
Transfer of energy

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

- In most chemical and nuclear reactions, energy is transferred into or out of a system.
Heat, light, mechanical motion, or electricity might all be involved in such transfers.



- The sun is a major source of energy for changes on the earth's surface. The sun loses
energy by emitting light. A tiny fraction of that light reaches the earth, transferring
energy from the sun to the earth. The sun's energy arrives as light with a range of
wavelengths, consisting of visible light, infrared, and ultraviolet radiation.

Life Science
Populations and ecosystems

- A population consists of all individuals of a species that occur together at a given place
and time. All populations living together and the physical factors with which they
interact compose an ecosystem.

- The number of organisms an ecosystem can support depends on the resources available
and abiotic factors, such as quantity of light and water, range of temperatures, and soil
composition. Given adequate biotic and abiotic resources and no disease or predators,
populations (including humans) increase at rapid rates. Lack of resources and other
factors, such as predation and climate, limit the growth of populations in specific niches
in the ecosystem.

Earth and Space Science
Structure of the earth system

- Water, which covers the majority of the earth's surface, circulates through the crust,
oceans, and atmosphere in what is known as the "water cycle." Water evaporates from
the earth's surface, rises and cools as it moves to higher elevations, condenses as rain or
snow, and falls to the surface where it collects in lakes, oceans, soil, and in rocks
underground.

- The atmosphere is a mixture of nitrogen, oxygen, and trace gases that include water
vapor. The atmosphere has different properties at different elevations.

- Clouds, formed by the condensation of water vapor, affect weather and climate.
- Global patterns of atmospheric movement influence local weather. Oceans have a major

effect on climate, because water in the oceans holds a large amount of heat.
Earth in the solar system

- The sun is the major source of energy for phenomena on the earth's surface, such as
growth of plants, winds, ocean currents, and the water cycle. Seasons result from
variations in the amount of the sun's energy hitting the surface, due to the tilt of the
earth's rotation on its axis and the length of the day.

Science in Personal and Social Perspectives
Natural hazards

- Internal and external processes of the earth system cause natural hazards, events that
change or destroy human and wildlife habitats, damage property, and harm or kill
humans. Natural hazards include earthquakes, landslides, wildfires, volcanic eruptions,
floods, storms, and even possible impacts of asteroids.

- Human activities also can induce hazards through resource acquisition, urban growth,
land-use decisions, and waste disposal. Such activities can accelerate many natural
changes.

Science and technology in society
- Scientists and engineers work in many different settings, including colleges and

universities, businesses and industries, specific research institutes, and government
agencies.

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
- 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.

- Mathematics is essential in scientific inquiry. Mathematical tools and models guide and
improve the posing of questions, gathering data, constructing explanations and
communicating results.

Physical Science
Conservation of energy and the increase in disorder

- Everything tends to become less organized and less orderly over time. Thus, in all
energy transfers, the overall effect is that the energy is spread out uniformly. Examples
are the transfer of energy from hotter to cooler objects by conduction, radiation, or
convection and the warming of our surroundings when we burn fuels.

Earth and Space Science
Energy in the earth system

- Earth systems have internal and external sources of energy, both of which create heat.
The sun is the major external source of energy. Two primary sources of internal energy
are the decay of radioactive isotopes and the gravitational energy from the earth's
original formation.

- Heating of earth's surface and atmosphere by the sun drives convection within the
atmosphere and oceans, producing winds and ocean currents.

- Global climate is determined by energy transfer from the sun at and near the earth's
surface. This energy transfer is influenced by dynamic processes such as cloud cover and
the earth's rotation, and static conditions such as the position of mountain ranges and
oceans.

Geochemical cycles
- Movement of matter between reservoirs is driven by the earth's internal and external

sources of energy. These movements are often accompanied by a change in the physical
and chemical properties of the matter. Carbon, for example, occurs in carbonate rocks
such as limestone, in the atmosphere as carbon dioxide gas, in water as dissolved carbon
dioxide, and in all organisms as complex molecules that control the chemistry of life.

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.

- Science and technology are pursued for different purposes. Scientific inquiry is driven
by the desire to understand the natural world, and technological design is driven by the
need to meet human needs and solve human problems. Technology, by its nature, has a
more direct effect on society than science because its purpose is to solve human
problems, help humans adapt, and fulfill human aspirations. Technological solutions
may create new problems. Science, by its nature, answers questions that may or may not
directly influence humans. Sometimes scientific advances challenge people's beliefs and
practical explanations concerning various aspects of the world.

Science in Personal and Social Perspectives
Environmental quality

- Natural ecosystems provide an array of basic processes that affect humans. Those
processes include maintenance of the quality of the atmosphere, generation of soils,
control of the hydrologic cycle, disposal of wastes, and recycling of nutrients. Humans
are changing many of these basic processes, and the changes may be detrimental to
humans.

- Materials from human societies affect both physical and chemical cycles of the earth.
- Many factors influence environmental quality. Factors that students might investigate

include population growth, resource use, population distribution, overconsumption, the
capacity of technology to solve problems, poverty, the role of economic, political, and
religious views, and different ways humans view the earth.

Natural and human-induced hazards
- Normal adjustments of earth may be hazardous for humans. Humans live at the

interface between the atmosphere driven by solar energy and the upper mantle where
convection creates changes in the earth's solid crust. As societies have grown, become
stable, and come to value aspects of the environment, vulnerability to natural processes
of change has increased.

- Human activities can enhance potential for hazards. Acquisition of resources, urban
growth, and waste disposal can accelerate rates of natural change.

History and Nature of Science
Nature of scientific knowledge

- 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.


