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Constructing an
Understanding of Scientific Inquiry

The pebble that drops into a pond is like an idea that sparks inquiry. The concentric
ripples represent new questions that emerge from the first germ of the idea. The
ever-enlarging pattern of ripples refer to the integrated knowledge that is acquired
as each question is explored, limited only by the force of the inquirer’s enthusiasm
for the search. The greater the interest and the more probing the questions, the
more encompassing the study, the bigger the ideas that it develops, and the deeper
and more meaningful the knowledge the inquirer constructs.

—From Interdisciplinary Inquiry in Teaching and 
Learning by Marian Martinello and Gillian Cook (1990)

A CULTURE OF INQUIRY

One of the most talked about topics in science education today is scientific inquiry.
Whether you are discussing science literacy, standards, instructional strategies, or
assessment, the phrase “scientific inquiry” likely will work its way into the conver-
sation. Thus, for many teachers, constructing an understanding of scientific inquiry
becomes a primary necessity to contributing to an articulate discussion on science
education. The primary purpose of this book is to enable high school science
teachers not only to develop an understanding of scientific inquiry but also to gain
an appreciation of the skills, dispositions, and attitudes in creating a “culture of
inquiry” within themselves as well as their classrooms. According to Reagan, Case,
and Brubacher (2000):

1

1
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A culture of inquiry, in short, entails not merely teachers engaged in inquiry
but teachers and others collaboratively and collegially seeking to understand
better and thus improve aspects of the schooling experience. For a culture of
inquiry to exist and be maintained in a school, an on-going commitment to
valuing curiosity, mutual respect, and support among teachers and between
teachers and administration, a willingness to try new ideas and practices,
and the ability to remain open to the unforeseen and unexpected are
required. (p. 43)

As you journey through this book, reflect on your classroom norms and prac-
tices, share your ideas with a colleague, and keep a journal of your thoughts and pro-
gressive gains. Reflection and dialogue, especially with others who are seeking and
committed to the same instructional practices as you, are important aspects of
becoming an inquiry-based teacher.

Inquiry and Habits of Mind

Scientific inquiry provides an excellent means to foster the development of
students’ habits of mind. Marzano (1992) describes habits of mind as mental habits
individuals develop to render their thinking. Habits of mind often encompass
higher-order thinking skills, critical and scientific reasoning skills, problem-solving
skills, communication and decision-making skills, and metacognition—being aware
of your own thinking. Costa and Kallick (2001) describe habits of mind as “having
dispositions toward behaving intellectually when confronted with problems, the
answers to which are not immediately known” (p. 1). Although examples of habits
of mind vary from author to author, the attributes usually common in science
include the following:

· Commitment
· Creativity
· Curiosity
· Diligence
· Fairness
· Flexibility
· Imagination
· Innovation
· Integrity
· Openness
· Persistence
· Reflection
· Sensitivity
· Skepticism
· Thoughtfulness

As we journey further into our understanding of inquiry, we will come to see
how inquiry-based classrooms promote critical thinking skills and habits of mind, as
well as how these classrooms empower students to become independent, life-long
learners. Hester (1994) tells us that inquiry involves
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critical thinking processes such as methods of diagnosis, speculation and
hypothesis testing. The method of inquiry gives students the opportunity to
confront problems, and generate and test ideas for themselves. . . . The
emphasis is on ways of examining and explaining information (events, facts,
situations, behaviors, etc.). Students when taught for the purposes embodied
in inquiry are encouraged to evaluate the usefulness of their beliefs and ideas
by applying them to new problem situations and inferring from them impli-
cations for future courses of action. (pp. 116–117)

The Benchmarks for Science Literacy (AAAS, 1993) suggests that “by the end of the
12th grade, students should know why curiosity, honesty, openness, and skepticism
are so highly regarded in science and how they are incorporated into the way science
is carried out; exhibit those traits in their own lives and value them in others” (p. 287).
According to the AAAS (1993), “taken together, these values, attitudes, and skills can
be thought of as habits of mind because they all relate directly to a person’s outlook
on knowledge and learning and ways of thinking and acting” (p. 281).

Why are habits of mind important to inquiry? As students engage in scientific
inquiry, they demonstrate these attributes and behaviors in a collective sense as part
of completing the task. According to the AAAS (1990):

It is also important for people to be aware that science is based upon every-
day values even as it questions our understandings of the world and our-
selves. Indeed, science is in many respects the systemic application of some
highly regarded human values. . . . Scientists did not invent any of these
values . . . but the broad field of science does incorporate and emphasize such
values and drastically demonstrates just how important they are for advanc-
ing human knowledge and welfare. Therefore, if science is taught effectively,
the results will be to reinforce such generally desirable human attributes and
values—curiosity, openness to new ideas, and skepticism. (p. 185)

Wilks (1995) suggests that “the use of philosophical inquiry as a means of develop-
ing the skills of dialogue and thinking involves the teachers and their students
becoming cooperative and caring co-inquirers working together in a community of
inquiry” (p. 1). Wilks further comments that “a community of inquiry emerges from
frequent group discussions fostered by teachers who are committed to the process of
inquiry” (p. 4).

WHAT SCIENCE
EDUCATORS SAY ABOUT INQUIRY

As we look toward the science educators who have devoted their professional career
to studying scientific inquiry, several common themes surface. Whether the experts
represent K–12 educators, higher education faculty, or the staffs of hands-on muse-
ums and national organizations, they concur that scientific inquiry focuses on the
engagement of students to generate and pursue the answers to questions through
careful observation and reflection.
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The Center for Inquiry Based Learning (CIBL) at Duke University (www
.biology.duke.edu/cibl/index.htm) provides useful definitions and information
about inquiry. Hebrank (2000), a CIBL teacher, says:

Inquiry is a way of acquiring knowledge. In inquiry-based learning, students
either ask their own questions or are posed a question by the teacher. In the
former case the question concerns a topic the students wish to learn about,
and in the latter case the question concerns a topic the teacher wishes
students to learn about. Regardless of the source of the question, inquiry-
based learning requires that students play a major role in answering the
question. (n.p.)

This definition, like others, stresses the role of the student as a researcher. In inquiry-
based learning, the emphasis is placed on the student as an active investigator. Writing
for The Science Teacher, Edwards (1997) says, “to have bona fide inquiry experiences,
students must formulate their own questions, create hypotheses, and design investiga-
tions to test the hypotheses and answer the questions proposed” (p. 18).

Based on these thoughts, inquiry is a means as well as an end (Hackett, 1998). “In
the Standards,” according to Hackett, “the term ‘inquiry’ is used in two different
ways. First, inquiry refers to teaching methods and strategies. Second, the Standards
identify scientific inquiry as content that students should understand and be able to
do” (Hackett, 1998, p. 35). Similarly, in A History of Ideas in Science Education (DeBoer,
1991), inquiry is seen as a product as well as a process in science education.

Chiappetta (1997) also stresses the dual role of inquiry. “In contrast to teaching
science by inquiry (general inquiry) is the notion of teaching science as inquiry
(scientific inquiry). Teaching science as inquiry stresses active student learning and
the importance of understanding a scientific topic. Here content becomes a critical
aspect of the inquiry” (Chiappetta, 1997, p. 23).

Finally, for a complete and comprehensive literature review of scientific inquiry,
see the Northwest Regional Educational Laboratory Program Report Science Inquiry
for the Classroom (Hinrichsen & Jarrett, 1999), available online through www.nwrel.org/
msec/images/science/pdf/litreview.

WHAT THE NATIONAL SCIENCE
EDUCATION STANDARDS SAY ABOUT INQUIRY

In 1996, the National Research Council (NRC) released the National Science Education
Standards (NSES). In regard to the inquiry standards, the NRC states:

Inquiry is a multifaceted activity that involves making observations; posing
questions; examining books and other sources of information to see what is
already known in light of experimental evidence: using tools to gather, ana-
lyze, and interpret data; proposing answers, explanations, and predictions;
and communicating the results. Inquiry requires identification of assump-
tions, use of critical and logical thinking, and consideration of alternative
explanations. (p. 23)
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However, according to the Standards, doing inquiry involves more than just
utilizing science process skills in the classroom. The Standards requires that high
school teachers plan activities that engage students in combining process skills and
critical reasoning skills to develop an appreciation for and understanding of science.
According to the Standards (NRC, 1996), engaging high school students in inquiry
helps develop

· an understanding of scientific concepts,
· an appreciation of “how we know” what we know in science,
· an understanding of the nature of science,
· skills necessary to become independent inquirers about the natural world,

and
· the dispositions to use the skills, abilities, and attitudes associated with

science.

The Standards also highlights the ability to conduct inquiry and develop an under-
standing about scientific inquiry:

Students in all grade levels and in every domain of science should have
the opportunity to use scientific inquiry and develop the ability to think
and act in ways associated with inquiry, including asking questions,
planning and conducting investigations, using appropriate tools and tech-
niques to gather data, thinking critically and logically about the relation-
ships between evidence and explanations, constructing and analyzing
alternative explanations, and communicating scientific arguments. (NRC,
1996, p. 105)

The inquiry standards set forth by the NRC (1996) are divided into three sepa-
rate sets of grade levels or junctures. Each juncture identifies inquiry standards
specific for that set of grade levels. These standards help science educators to define
what students should know and be able to do. Reading the inquiry standards for
grades 9–12 can help develop an understanding of the abilities necessary to do
scientific inquiry.

At the high school level, according to the NRC, students should be able to

· 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,
· recognize and analyze alternative explanations and models, and
· communicate and defend a scientific argument. (NRC, 2000a, p. 19)

Science teachers should become familiar with the National Science Education Stan-
dards. The Standards can be purchased in softcover, read online, or downloaded from
the National Academies Press (www.nap.edu/bookstore.html). Readers may also be
interested in an excellent accompanying text, Inquiry and the National Science Edu-
cation Standards: A Guide for Teaching and Learning (2000a), that offers stories of high
school teachers engaging students in inquiry (see Resource A, the “Print Resources
on Inquiry” section).
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