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Grades K-4
Science as Inquiry

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.

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.

- Objects are made of one or more materials, such as paper, wood, and metal. Objects can be
described by the properties of the materials from which they are made, and those properties can
be used to separate or sort a group of objects or 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. 

Life Science
The characteristics of organisms

- Organisms have basic needs. For example, animals need air, water, and food; plants require air,
water, nutrients, and light. Organisms can survive only in environments in which their needs
can be met. The world has many different environments, and distinct environments support the
life of different types of organisms.

- Each plant or animal has different structures that serve different functions in growth, survival,
and reproduction. For example, humans have distinct body structures for walking, holding,
seeing, and talking.

- The behavior of individual organisms is influenced by internal cues (such as hunger) and by
external cues (such as a change in the environment). Humans and other organisms have senses
that help them detect internal and external cues.
Organisms and their environments

- All animals depend on plants. Some animals eat plants for food. Other animals eat animals that
eat the plants.

- An organism's patterns of behavior are related to the nature of that organism's environment,
including the kinds and numbers of other organisms present, the availability of food and
resources, and the physical characteristics of the environment. When the environment changes,
some plants and animals survive and reproduce, and others die or move to new locations.

- 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.



- Soils have properties of color and texture, capacity to retain water, and ability to support the
growth of many kinds of plants, including those in our food supply.
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.

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.

- 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

- 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.

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.

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.

Life Science
Structure and function in living systems

- Living systems at all levels of organization demonstrate the complementary nature of structure
and function. Important levels of organization for structure and function include cells, organs,
tissues, organ systems, whole organisms, and ecosystems.
Regulation and behavior

- All orgainisms must be able to obtain and use resources, grow, reproduce, and maintain stable
internal conditions while living in a constantly changing external environment.
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

- Soil consists of weathered rocks and decomposed organic material from dead plants, animals,
and bacteria. Soils are often found in layers, with each having a different chemical composition
and texture.

- 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.

- Water is a solvent. As it passes through the water cycle it dissolves minerals and gases and
carries them to the oceans.
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.

- Science and technology are reciprocal. Science helps drive technology, as it addresses questions
that demand more sophisticated instruments and provides principles for better instrumentation
and technique. Technology is essential to science, because it provides instruments and
techniques that enable observations of objects and phenomena that are otherwise unobservable
due to factors such as quantity, distance, location, size, and speed. Technology also provides
tools for investigations, inquiry, and analysis.

- Perfectly designed solutions do not exist. All technological solutions have trade-offs, such as
safety, cost, efficiency, and appearance. Engineers often build in back-up systems to provide
safety. Risk is part of living in a highly technological world. Reducing risk often results in new
technology.

- Technological designs have constraints. Some constraints are unavoidable, for example,
properties of materials, or effects of weather and friction; other constraints limit choices in the
design, for example, environmental protection, human safety, and aesthetics.



- Technological solutions have intended benefits and unintended consequences. Some
consequences can be predicted, others cannot. 

Science in Personal and Social Perspectives
Science and technology in society

- Science influences society through its knowledge and world view. Scientific knowledge and the
procedures used by scientists influence the way many individuals in society think about
themselves, others, and the environment. The effect of science on society is neither entirely
beneficial nor entirely detrimental.

- Science cannot answer all questions and technology cannot solve all human problems or meet
all human needs. Students should understand the difference between scientific and other
questions. They should appreciate what science and technology can reasonably contribute to
society and what they cannot do. For example, new technologies often will decrease some risks
and increase others. 

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.
- 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.

- Scientific explanations must adhere to criteria such as: a proposed explanation must be logically
consistent; it must abide by the rules of evidence; it must be open to questions and possible
modification; and it must be based on historical and current scientific knowledge.

Physical Science
Structure and properties of matter

- The physical properties of compounds reflect the nature of the interactions among its molecules.
These interactions are determined by the structure of the molecule, including the constituent
atoms and the distances and angles between them.

Life Science
Interdependence of organisms

- Human beings live within the world's ecosystems. Increasingly, humans modify ecosystems as
a result of population growth, technology, and consumption. Human destruction of habitats



through direct harvesting, pollution, atmospheric changes, and other factors is threatening
current global stability, and if not addressed, ecosystems will be irreversibly affected.
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.

- Science often advances with the introduction of new technologies. Solving technological
problems often results in new scientific knowledge. New technologies often extend the current
levels of scientific understanding and introduce new areas of research.

- 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
Natural resources

- The earth does not have infinite resources; increasing human consumption places severe stress
on the natural processes that renew some resources, and it depletes those resources that cannot
be renewed.

- Humans use many natural systems as resources. Natural systems have the capacity to reuse
waste, but that capacity is limited. Natural systems can change to an extent that exceeds the
limits of organisms to adapt naturally or humans to adapt technologically.
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

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

- Some hazards, such as earthquakes, volcanic eruptions, and severe weather, are rapid and
spectacular. But there are slow and progressive changes that also result in problems for
individuals and societies. For example, change in stream channel position, erosion of bridge
foundations, sedimentation in lakes and harbors, coastal erosions, and continuing erosion and
wasting of soil and landscapes can all negatively affect society.

- Natural and human-induced hazards present the need for humans to assess potential danger
and risk. Many changes in the environment designed by humans bring benefits to society, as
well as cause risks. Students should understand the costs and trade-offs of various
hazards—ranging from those with minor risk to a few people to major catastrophes with major
risk to many people. The scale of events and the accuracy with which scientists and engineers
can (and cannot) predict events are important considerations.
Science and technology in local, national, and global challenges



- Science and technology are essential social enterprises, but alone they can only indicate what
can happen, not what should happen. The latter involves human decisions about the use of
knowledge.

- Understanding basic concepts and principles of science and technology should precede active
debate about the economics, policies, politics, and ethics of various science- and technology-
related challenges. However, understanding science alone will not resolve local, national, or
global challenges.

- Humans have a major effect on other species. For example, the influence of humans on other
organisms occurs through land use—which decreases space available to other species—and
pollution—which changes the chemical composition of air, soil, and water. 

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.


