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By Patrick J. Enderle and Victor Sampson
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Science is more than a collection of facts or ideas that describe what we know about how the
world works and why it works that way. Science is also a set of crosscutting concepts and
practices that people can use to develop and refine new explanations for, or descriptions
of, the natural world. When you understand the core ideas, crosscutting concepts, and
practices of science, it is easier to appreciate the beauty and wonder of science, to engage
in public discussions about science, and to evaluate the strengths of scientific information
presented through popular media. You will also have the knowledge and skills needed
to continue learning science outside school or to enter a career in science, engineering,
or technology.
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The core ideas of science include the theories, laws, and models that scientists use to
explain natural events or bodies of data and to predict the results of new investigations.
The crosscutting concepts are themes that have value in all areas of science and are used
to help us understand many diﬀerent natural phenomena. They can be used to connect
knowledge from the various fields of science into a coherent and scientifically based view
of the world and to help us think about what might be important to consider or look for
during an investigation. Finally, the practices of science are used to develop and refine new
ideas about the world. Although some practices are specific to certain fields of science, all
fields share a set of common practices. The practices include such things as asking and
answering questions; planning and carrying out investigations; analyzing and interpreting data; and obtaining, evaluating, and communicating information. One of the most
important practices of science is arguing from evidence. Arguing from evidence involves
proposing, supporting, challenging, and refining claims based on evidence. Arguing is
important because scientists need to be able to examine, review, and evaluate their own
ideas and to critique those of others. Scientists also argue from evidence when they need to
judge the quality of data, produce and improve models, develop new questions from those
models that can be investigated, and suggest ways to refine or modify existing theories,
laws, and models.
Always remember that science is a social activity, not an individual one. Science is social
because many diﬀerent scientists contribute to the development of new scientific knowledge. As scientists carry out their research, they frequently talk with their colleagues,
both formally, like at a meeting, and informally, like in a hallway. They exchange emails,
engage in discussions at conferences, share research techniques and analytical procedures,
and present new ideas by writing articles in journals or chapters in books. They also critique the ideas and methods used by other scientists through a formal peer review process
before those ideas can be published in journals or books. In short, scientists are members
of a community, the members of which work together to build, develop, test, critique, and
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refine ideas. The ways scientists talk, write, think, and interact with each other reflect
common ideas about what counts as quality and shared standards for how new
ideas should be developed, shared, evaluated, and refined. These ways of interacting make science diﬀerent from other ways of knowing. The core ideas, crosscutting
concepts, and practices of science are important among scientists because most, if
not all, scientists find them to be useful in developing and refining new explanations
for, or descriptions of, the natural world.
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The laboratory investigations included in this book are designed to help you
learn the core ideas, crosscutting concepts, and practices of science. During each
investigation, you will have an opportunity to use a core idea, several crosscutting
concepts, and the practices of science to understand a natural phenomenon or solve
a problem. Your teacher will introduce each investigation by giving you a task to
accomplish and a guiding question to answer. You will then work as part of a team
to plan and carry out an investigation to collect the data you need to answer that
question. From there, your team will develop an initial argument that includes a
claim, evidence in support of your claim, and a justification of your evidence. The
claim will be your answer to the guiding question, the evidence will include your
analysis of the data you collected and an interpretation of that analysis, and the
justification will explain why your evidence is important in terms of key science
concepts. Next, you will have an opportunity to share your argument with your
classmates and to critique their arguments, much like professional scientists do. You
will then revise your initial argument based on your colleagues’ feedback. Finally,
you will be asked to write an investigation report on your own to share what you
learned. The report will go through a double-blind peer review so you can improve
it before you submit it to you teacher for a grade. As you complete more and more
investigations in this lab manual, you will not only learn the core ideas associated
with each investigation but also get better at using the crosscutting concepts and
practices of science to understand the natural world.
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Science is a process of discovering and exploring the natural
world. Exploration occurs in the classroom/laboratory or in the
field. As part of your science class, you will be doing many
activities and investigations that will involve the use of various materials, equipment, and chemicals. Safety in the science
classroom, laboratory, or field sites is the FIRST PRIORITY for
students, instructors, and parents. To ensure safer classroom/
laboratory/field experiences, the following Science Rules and
Regulations have been developed for the protection and safety
of all. Your instructor will provide additional rules for specific
situations or settings. The rules and regulations must be followed at all times. After you have reviewed them with your
instructor, read and review the rules and regulations with
your parent/guardian. Their signature and your signature on
the safety acknowledgment form are required before you will
be permitted to participate in any activities or investigations.
Your signature indicates that you have read these rules and
regulations, understand them, and agree to follow them at all
times while working in the classroom/laboratory or in the field.
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Note to science
teachers and
supervisors/
administrators:
The following safety
acknowledgment form is
for your use in the
classroom and should
be given to students at
the beginning of the
school year to help them
understand their role in
ensuring a safer
and productive
science experience.
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SAFETY IN THE SCIENCE CLASSROOM,
LABORATORY, OR FIELD SITES
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Safety Standards of Student Conduct in the Classroom, Laboratory, and in the Field

Conduct yourself in a responsible manner at all times. Frivolous activities,
mischievous behavior, throwing items, and conducting pranks are prohibited.

2.

Lab and safety information and procedures must be read ahead of time. All
verbal and written instructions shall be followed in carrying out the activity or
investigation.

3.

Eating, drinking, gum chewing, applying cosmetics, manipulating contact
lenses, and other unsafe activities are not permitted in the laboratory.

4.

Working in the laboratory without the instructor present is prohibited.

5.

Unauthorized activities or investigations are prohibited. Unsupervised work is
not permitted.

6.

Entering preparation or chemical storage areas is prohibited at all times.

7.

Removing chemicals or equipment from the classroom or laboratory is prohibited
unless authorized by the instructor.
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1.

Personal Safety

Sanitized indirectly vented chemical splash goggles or safety glasses as
appropriate (meeting the ANSI Z87.1 standard) shall be worn during activities
or demonstrations in the classroom, laboratory, or field, including prelaboratory work and clean-up, unless the instructor specifically states that the
activity or demonstration does not require the use of eye protection.

9.

When an activity requires the use of laboratory aprons, the apron shall be
appropriate to the size of the student and the hazard associated with the
activity or investigation. The apron shall remain tied throughout the activity or
investigation.
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8.

All accidents, chemical spills, and injuries must be reported immediately to
the instructor, no matter how trivial they may seem at the time. Follow your
instructor’s directions for immediate treatment.

11.

Dress appropriately for laboratory work by protecting your body with clothing
and shoes. This means that you should use hair ties to tie back long hair and
tuck into the collar. Do not wear loose or baggy clothing or dangling jewelry
on laboratory days. Acrylic nails are also a safety hazard near heat sources and
should not be used. Sandals or open-toed shoes are not to be worn during any
lab activities. Refer to pre-lab instructions. If in doubt, ask!
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