Session 4: Building Towards inquiry

Inquiry in science is a slippery concept to completely grasp. On some levels,
inquiry simply involves the asking of questions. Yet scientific inquiry, the day-
in-day-out working of science, involves so much more. inquiry is an approach to
learning that involves a process of exploring the natural or material world, and
that leads to asking questions, making discoveries, and rigorously testing those

- discoveries in the search for new understanding. Inquiry, as it relates to science
education, should mirror as closely as possible the enterprise of doing real
science.

In December 1995, the National Research Council released the National Science
Education Standards. A prominent feature of the Standardsis a focus on

inquiry. The term “inquiry” is used in the Standards to refer to both abilities

students should develop in order to carry out scientific explorations and the

- understanding they should gain from them. In this way, the Standards serve as a
_practical guide for teachers, administrators, and parents for what students need

to know and be able to do in science in the K-12 classroom.

We have presented two readings from inquiry and the National Science
Education Standards. The first, brief reading is an interesting essay on inquiry
from a scientists perspective. He compares and contrasts inquiry teaching with
more traditional (and perhaps familiar) forms of science instruction.

The second reading presents inquiry in school science from an historical
perspective, outlines the content standards for science inquiry in K-12
classroomns, and presents an analysis of essential features of classroom inquiry.

Want to know more? The National Science Foundation published a
comprehensive coflection of essays on inquiry in their monograph, Foundations.
Authored by educators and researchers at San Francisco’s Exploratorium, the
essays dive deeply into inquiry theory through case studies.

Inquiry: Thoughts, Views, and Strategies for the K-5 Classroom, ions:
professionals in science, mathematics, and technalagy education, Division of Elementary,
Secondary, and Informal Education, National Science Foundation.
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‘When I was growing up in the
1950s in the suburbs of Chicago, the
educational experiences that meant
the most to me were all associated
with my struggling to meet a chal-
lenge that had captured my interest

and initiafive. I remember writinga

long report on “The Farm Problem”
in the seventh grade in which my
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task was to explain why our govern-
ment was paying farmers for no?
growing a crop. Inthe eighth grade I
had to explain to the rest of my class
how a television set works. And in the
ninth grade I remember poring over
books on spectroscopy in the Chicago
public library to prepare a reporton
ifs uses in chemistry:




.- Al three of these tésks, and many
others that interested me as a student,
-involved what we now call “inquiry.”
Teaching science through inquiry

- allows students to conceptualize a -
question and then seek possible
explanations that respond to that
question. For example, in my field of

cell biology, cell membranes have o

be selectively permeable — they have

1o let foodstuffs like sugars pass

inward and wastes like carbon dioxide

pass out, while holding the many big
 molecules that form the cell inside.
‘What kind of material could have
these properties and yet be able to
expand as the cell grows?

* It is certainly easy to remember
another and more familiar type of
science teaching from my childhood.
In this approach ~— which remains
depressingly commeon today —
teachers provide their students with
sets of science facts and with technical
words to describe those facts. Inthe
worst case, this type of science teach-

ing assumes that education consists of

filling a student’s head with vocabu-
lary words and associations, such as

mitochondria being “the powerhouses .

‘of the cell,” DNA being the “gepetic .
material,” and motion producing
“kinetic energy.” Science classes of
this type treat education as if it were -
preparation for a quiz show ora game
of trivial pursuit.

This view of science education has
many problems. Most students are
not interested in being quiz show

participants. They fail to see how this

* type of knowledge will be useful to
 them in the future: They therefore .
‘lack motivation for this kind of‘ school

learning.”

‘Most important, this kmd of teach-
ing misses a tremendous opportunity
to give all students the problem- '
soving, communication, and thinking
skills that they will need to be effec-
tive workers and citizens in the 21st
century.

Inquiry is in part a state of mind -~
that of inquisitiveness. Most young
children are naturally curious. They
care enough to ask “why” and “how”
questions. But if adults dismiss their
incessant guestions as silly and
uninteresting, students can lose this
gift of curiosity. Visit any second-
grade classroom and you will gener-
ally find a class bursting with energy
and excitement, where children are
‘eager to make new observations and
try to figure things out. Whata
contrast with many eighth-grade

classes, where the students so often

- seem bored and disengaged from

learning and from school!
‘The National Science Education

B Siandards released by the National

Research Council in 1995 provide
valuable insights into the ways that

teachers might sustain the curiosity of '
. students and help them develop the .
sets of abilities associated with sciens -

- ific inquiry. The Standards empha-
‘size that science education needs to
give students three kinds of scientific
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skills and understandings. Students
need to learn the principles and

. concepts of science, acquire the
reasening and procedural skills of
scientists, and understand the natire
of science as a particular form of
human endezvor. Students therefore
need to be able to devise and carry out
investigations that test their ideas, and
they need to understand why such
investigations are uniquely powerful.

Studies show that smdents are much -

more likely to understand and refain
the concepts that they have learned
this Way.

For example, one skill that all
students should acquire through their
science education is the ability to
conduct an investigation where they
keep everﬁng else constant while
changing a single variable. This
ability provides a powerful general
strategy for solving many problems
encountered in the workplace and in
everyday life. The Lawrence Hall of
Science in Berkeley, California, has
developed aset of ﬁfth—grade science
lessons that give students extensive
experience in manipulating systems
with variables. These lessons begin
with the class working in groups of
four to comstruct different sized
pendulums from string, tape, and
washers. After each group counts the

“nuraber of swings of their pendulum in
15-second intervals — yielding quite
different results among groups — the
groups conduct further trials that
eventually trace the source of the

FOREWORD
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variability to differences in the lengths
of the strings. This leads to graphing
as a means of displaying the data for
future work with pendulums. Ideally,
the teacher should use this particular
sequence of lessons to teach students
about the history of clocks, emphasiz-
ing the many changes in society that
ensued once it became possible to
divide the day and night inte reliable
time intervals.

Contrast this science lesson with a
more traditional lesson about pendy-
lums. Insuch alesson, the teacher
does most of the talking and demon-
strating. Often, students display their
knowledge about such variables as
length of the pendulum, weight, and
starting height by filling in a series of
blanks on & worksheet.

‘The challenge for alt of us who want
to improve education is fo create an
educational system that exploits the
natural curiosify of children, so that
thev maiptain their motivation for
learning not only during their school
vears but throughout life. We need to
convince teachers and parents of the
Importance of children’s “why”

. questions. I'm reminded of the

profound effect that Richard
Feynman’s father had on his develop-
ment as a scienfist. One summer, in
the Catskills Mountains of New York
when Feynman was a boy, another boy
asked him, “See that bird. What kind
of bird is that?” Feynman answeéred “T
haven’t the slightest idea.” The other
boy replied, “Your father doesn’ teach
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you anything!” But his father had _ look at the bird and see what it’s
taught Feynman about the bird — doing — that's what counts.”
though m his own way. As Feynman *The book vou are about to read
recalls his father’s words:  ifluminates this approach to teaching
“See that bird? It's a Spencer’s science. It builds on the discussion of L :
warbler.” (I knew he didn’t know inquiry in the National Science Educa-
the real pame.) “ .. You can know tion Standards to demonstrate how
the name of that bird in all the those responsible for science educa-
Janguages of the world, but when tion can provide young people with the
you're finished, you'l know opportunities they need to develop
ahsolutely nothing whatever about their scientific understanding and

the bird. Yo'l énly know about
humans in different places and
. what they call the bird. Solef’s

ability to inquire. The process must
begiii in kkindergarten and continue,
with age-appropriate challenges, at
each grade level. Students must be
challenged but also rewarded with the
joy of solving a problem with which
they have struggled. In this way,
students recognize that they are
capable of tackling harder and harder
problems. As they acquire the tools
and habits of inquiry, they see them-
selves learn. There can be nothing
more gratifying, or more important, in ;
science education.

bl

Bruce Alberts
President, National Academy of
Sciences
§
.
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When educators see or hear the °
word “inquiry,” many think of a
particular way of teaching and
learning science. Although thisis
one important application for the
word, inguiry in the Stendards is far
more fundamental. I encompasses
not only an ability to engage in
inguiry but an understanding of
nquiry and of how Inquiry resulis in
scientific knowledge. ‘

Because of the importance of
inguiry, the content standards describ-

_ing what all students need to know

and be able to do include standards on

science as inquiry. These inquiry
standards specify the abilities students
need in order to inquire and the
knowledge that will help them under-
stand inquiry as the way that knowl-
edge is produced. In this way, the
Standards seek to build student
understanding of how we lnow what
we know and what evidence supports
what we know.

The abilities and understanding of
inquiry are neither developed nor

used in a vacuum. - Inquiry is inti-
mately connected to scientific ques-
tions — students must inquire using
what they already know and the
inquiry process must add to their
knowledge. The geologist investigat-
ing the cause of the dead cedar forests

‘along the Pacific Coast used his
- scientific knowledge _and inquiry

abilities to develop an explanation for
the phenomenon. Mrs. Graham's fifth
grade students used their observa-
tons and the information they gath-
ered about plants to recognize the
factors affecting the growth of trees in
their schoolyard and to solve the '
“three-ree problem.” For both scien-
fist and students, inquiry and subject
matter were integral to the activity.
Their scientific knowledge deepened
as they developed new understzndings
through observing and manipulating
conditions in the natural world.

What is inquiry in education? The
Standards note:

Inquiry is.a multifaceted actvity
that involves making observations;

INQUIRY IN THE NATIONAL SCIENCE EDUCATION STANDARDS
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posing questions; examining books
and other sources of information to
see what is already known; plan-
ning investigations; reviewing what

_ is already known in lght of expert-
mental evidence; using tools to
gather, analyze, and interpret data;
proposing answers, explanations,
and predictions; and communicat-
ing the results. Inquiry requires
identification of assumptions, use

" of crifical and logical thinking, and

~ consideration of alternative
explanations. (p. 23)

. Developing the ability to under-
stand and engage in this kind of
activity requires direct experience and
continued practice with the processes
of inquiry. Students do not come to
understand inquiry simply by learning
words such as “hypothesis” and
“inference” or by memeorizing proce-
dures such as “the steps of the scien-
tific method.” They must experience
inquiry directly to gain a deep under-
standing of its characteristics.

Yet experience in itself is not
sufficient. Experience and under-
standing must go together. Teachers
need to introduce students to the
fundamental elements of inquiry.
They must also assist students to
reflect on the characteristics of the
processes in which they are engaged.

This chapter addresses the several
perspectives on inquiry included in
the National Science Education
Standards. It first provides some

historical background to place the role

INGQUIRY AND THE NATIONAL SCIENCE EDUCATION STANDARDS

" of inquiry in context. It then gives the

actual content standards on Science as
Inquiry: what should students know
and be able to do? A description of a
set of elements or features essential to
inquiry-oriented teaching and learning
sets the stage for a discussion of
instructional models that can help
teachers shructure activities to foster
student inquiry. Finally, several myths
that misrepresent inquiry in school
science programs are described and
debunked.

INQUIRY IN SCHOOL SCIENCE:
HISTORICAL PERSPECTIVES

Inquiry has had arole in school
science programs for less than a
century (Bybee and DeBoer, 1993;
_DeBoer, 1951). Before 1900, most
educators viewed science primarily as
a body of knowledge that students
were to learn through direct instruc-
tion. One crificism of this perspective
" came in 1909, when John Dewey, in an
address to the American Assodiation
for the Advancement of Science,
contended that science teaching gave
too much emphasis to the accumula-
Hion of information and not enough to
science as a way of thinking and an

attitude of mind. Science is more than -

a body of knowledge to be learned,
Dewey said; there is a process or.
method to learn as well (Dewey,
1910).

By the 1950s and 1960s, the

rationale for inguiry as an approach to
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teaching science was becoming
increasingly evident. I students were
.10 learn the methods of science, then
how better to learn than through
active engagement in the process of
inguiry itself? The educator Joseph
Schwab (1960, 1966) was an influential
voice in establishing this view of
science education. Schwab argued
that science should be viewed as
conceptual structures that were
revised as the result of new evidence.
For example, the geologist described
in the previous chapter followed this
approach in developing an explanation -
for the widespread death of frees.

Science teaching and
learning should reflect
this perspective on
science, Schwab said.

" The implications of
Schwab's ideas were, for
their time, profound.

His view suggested that

science as inquiry and
that students should use
inquiry to learn science
subject matfer. To
achieve these changes,
Schwab (1960) recom-
‘mended that science

laboratory and use these
experiences to lead
rather than follow the
classroom phase of
science teaching, That is, students
should work in the laboratory before
being introduced to the formal expla-
nation of scientific concepts and
principles. Evidence should build to
explanations and the refinement of
explanations.. _

Schwab also suggested that science
teachers consider three possible
approaches in their laboratories. First,
laboratory manuals or textbook
materials could be used to pose
questions and describe methods to
mvestigate the questions, thus allow-
ing students o discover relationships
they do not already know. Second,
instructional materials could be used
10 pose guestions, but the methods

INGUIRY IN THE NATIONAL SCIENCE EDUCATION STANDARDS
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and conclusions
reached by the scien-
tists. Where possible,
students read about
alternative explana-
tions, different and
perbaps conflicting
experiments, debates
about assumptions
witderlying the research
~ and the use of evidence,
- and other issues of

e R S e R e e O e i et

scientific inquiry. ,
Through this approach,
students build an .
understanding of what ff
constitutes scientific %;;
knowiedge and how suennﬁc knowt 5
School classroom 1950 : " edge is produced. |

et

The work of Schwab, Dewey, and
others, including Bruner and Piagetin
the 1950s and 1960s, influenced the
nature of curriculum materials devel
oped in those decades and into the
early 1970s. Russia’s launch ofthe -
Sputnik satellite in 1957 further
spurred the development of these
materials, many of which were sup-
ported by the National Science Foun-

2l

and answers could be left open for
students to determine on their own.
Third, in the most open approach,

- students could confroni phenomena

- without texthook- or laboratory-based

~questions. Students could ask ques-

tons, gather evidence, and propose
scientific explanations based on their

”

Eé‘é??é%;

own investigations. &

Schwab proposed an additional dation and other federal agencies and %
approach, which he referred to as an private foundations. Underlying many %
“enquiry into enquiry.” (Schwab of these instructional materials was %
chose to use this variation of the the commitment to involve students in %
spelling of the word.) In this ap- doing rather than being told or only g
proach, teachers provide students with ~ Teading about science. This reform . &
readings and reports about scientific placed as much, if not more, emphasis %
research. They discuss the details of on learning the processes of science %
the research: the problems, data, role 2% On mastering the subject matter of ;g

of technology, interpretations of data, science alone. Teaching models were
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based on theories of learning that
emphasized the central role of stu-
dents’ own ideas and concrete experk
ences in creating new and deepened
understandings of scientific concepts.
Throughout the country, use, or at
least awareness, of these new curricu-
Tum materials prompted educators to
provide students with more laboratory
and other “hands-on” experiences,
more oppor tunities to pursue their
own gquestions, and more focus on
understanding larger scientific con-
cepts rather than disconnected facts.
Although the effective use of these
new materials was not as widespread
as anticipated (Weiss, 1978; Harms
and Kahl, 1980; Harms and Yager,
1981), this new view of school science
did prompt more study and careful

thinking about major issues in science
education. Furthermore, and of
special significance to this volume, the
changes of the 1950s, 1960s, and 1970s
widely disseminated the idea of
helping students to develop the skills
of inquiry and an understanding of
sclence as inquiry.

INGUIRY IN THE NATIONAL
SCIENCE EDUCATION
STANDARDS

The developers of the Naiional
Science Education Standards (National
Research Council, 1996) had this
historical perspective on which to base
their work. Studies of teaching and
learning in science classrooms had led
to two observations. First, most
teachers were still using traditional,
didactic methods (Stake and Easley,
1978; Harms and Yager, 1981; Weiss,
1987). Examination of science class-
rooms revealed that many students
were mastering disconnected factsin
liew of broader understandings, critical
reasoning, and problem-solving skills.
Some teachers, however, were using
the new curriculum materials, such as
those from the Biological Sciences
Curticulum Study (BSCS), Science
Curriculum Improvement Study
(SCIS), Elementary Science Study

*(ESS), Intermediate Science Curricu-

lum Study {ISCS), and Physical
Sciences Study Committee (PSSC).
Their students were spending large
amounts of fime in inguiry-based

INQUIRY IN THE NATIONAL SCIENCE LDUCATION STANDARDS
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activities. They were making chserva-
‘tions, manipulating materials, and
conducting laboratory investigations.
As a result, they were developing
coguitive abilities, such as critical
thinking and reasoning, as well as
learning science content
{Bredderman, 1982; Shymansky et al,
1983). .
Those developing national stan-
dards were committed to including
inquiry as both science content and as
a way to Jearn science. Therefore,
rather than simply extolling the
virtues of “hands-on” or “laboratory-
based” teaching as the way 1o feach
“science content and process,” the
writers of the Stendards treated
inquiry as both a learning goal and as
a teaching method. The concept of
inquiry thus appears in several differ-
ent places in the Standards.

INQUIRY IN THE CONTENT
STANDARDS

The content standards for Science
as Inquiry include both abilities and
understandings of inquiry (Tables 21,
2-2 and 2-3). The general standards
for inquiry (Table 2-1) are the same
for all three grade spans (K4, 5-8, ¢
12). The more detailed fundamental
abilities of inquiry and fundamental
understandings about inquiry increase

in complexity from kindergarten
" through grade 12, reflecting the
cognitive development of students
(Tables 2-2 and 2-3).

Table 2-1. Content Standard for
Science as Inquiry

As a result of activities in grades K-12, all students
should develop -

B chilifies necessary to do scientific inquiry.
B understandings about scieniific inquiry.

Abilities Necessa?y_ o Do
Scientific Inquiry
Table 22 presents the key abilities

from the inquiry standards. These
“cognitive abilities” go beyond what

- have been termed science “process”

skills, such as observation, inference,
and experimentation (Millar and
Driver, 1987). Inquiry abilities require
students to mesh these processes with
scientific knowledge as they use
scientific reasoning and critical
thinking to develop their understand-
ing of science.

The basis for moving away from the

 traditional process approach is to

encourage students to participate in
the evaluation of scientific knowledge.
At each of the steps involved in
inquiry, students and teachers ought
 to ask “what counts?” What data do
we keep? What data do we discard?
‘What patterns exist in the data? Are
these patterns appropriate for this -
inquiry? What explanations account
for the patterns? Is one explanation
better than another?
In justifying their decisions, stu-

INQUIRY AND THE NATIONAL SCIENCE EDUCATION STANDARDS
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Table 2-2. Confent Siandard for Science as Inquiry:
Fundamental Abilities Necessary to Do Scientific Inquiry

Grodes K-4

M Ask o question about objeds, organisms, and events in the environment.
= Plon and conduct a simple invesfigation.

B Employ simple equipment and fools fo gather data and exhend the senses.
M Use data to consiruct o reasonable explanation.

W Communicete investigations and explanations.

Grades 5-8

W identify questions fhat can be answered through scienfific invesfigations.

B Design and conduct o scienfific investigafion. - ,

W Use appropricfe tools and techniques fo gather, analyze, ancf interpret data.

W Develop descripfions, explancions, predictions, and models using evidence.

W Think criticolly and logically fo make the relafionships between evidence and explanafions.
B Recognize and analyze dlfemative explanations and predicfions.

B Communicate scientific procedures and explanations.

B Use mathematics in all aspects of scientific inquiry.

Grades 9-12

B Identify quesfions and concepts that guide scientific investigafions.

B Design and conduct scienfific investigations.

B Use technclogy and mothemesics fo improve invesiigations and communicafions.

B Formuldte and revise scientific explanations and models using logic and evidence.
. W Recognize and analyze aliemative explanations and models.

B Communicate and defend a scientific argument.

dents ought to draw-on evidence and but become more complex as the
analytical tools to derive a scientific - grade level increases. For example, K-
claim. Inturn, students should be 4 students “use data to construct
able 1o assess both the strengths and reasonable explanation,” while 58
weaknesses of their claims. The students “recognize and analyze.
development and evolution of knowl- alternative explanations and proce-
edge claims, and reflection upon those dures,” and 9-12 students analyze
claims, underlie the inquiry abilities “alternative models” as well. The
presented in Table 2-2. abilities are designed to be develop-
Note that the abilities from one | mentally appropriate to the grade level

grade level to the next are very similar  gpan.

INQUIRY IN THE NATIONAL SCIENCE EDUCATION STANDARDS
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Table 2-3. Content Standard for Science as inquiry:
Fundamental Undersiandings About Scientific Inquiry

Grades K-4

R Scientific investigations involve asking and answering a question and comparing the answer
with what scientists already know about the world.

B Scienists use different kinds of invesfigations depending on the questions they are irying fo
answer.

B Simple instruments, such as magnifiers, thermometers, and ruiers, provide more mfonncﬁon
than scienfists obtain using only their senses.

M Scientists develop explanations using observations (evidence) and what they qlrecdy know
about the world |scientific knowledge).

B Scienfisis make the results of their investigations public; they describe the investigations in
ways that enable others to repect the investigations.

® Scientists review and sk questions about the resulis of other scientists’ work.

Grades 5-8

M Different kinds of questions suggest different kinds of scientific investigations.

B Current scientific knowledge and understanding guide scientific investigafions.

‘B Mathematics is important in all aspects of scientific inquiry.

B Technology used to gather data enhances accuracy and allows scientists to analyze and

quantify resulis of investigations. '
. M Scientific explanations emphasize evidence, have ioglcuify consistent arguments, and use

scientific principles, models, and theories.

W Science advances through legitimate skepticism.

B Scieniific invesfigations somefimes resulf in new ideas and phenomena for study, generate

new methods or procedures for an investigation, or develop new technologies to improve the

collection of data.

Grades 912

B Scientists usually inquire about how physical, living, or designed systems funchon

B Scienfists conduct investigations for o wide variely of reasons,

B Scientists rely on technology to enhence the gathering cnd_mnnlpulnﬁon of data.

W Mathematics is essential in scientific inquiry. :

W Scientific explanctions must adhere fo criteria such as: a proposed explanation must be

fogicelly consistent; it must abide by the rules of evidence; if must be open to quesfions an
 possible modification; and if must be based on historical and current scientific knowledge.

W Results of scientific inquiry — new knowledge and methods — emerge from different types

of invesfigations and public communication among sdienfists.

INQUIRY AND THE NATIONAL SCIENCE EDUCATION STANDARDS
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Appendix A-1, which is taken
directly from the Standards, provides
more elaboration for these abilities for
each grade span..

Understandings About Scienfific
Inquiry

Table 2-3 presents the fundamental
understandings about the nature of
scientific inquiry from the Standards.
Although in some cases these “under-
standings” appear parallel to the -
“sbilities” displayed in Table 2-2, they
actually represent much more. Under-
standings of scientific inquiry repre-
sent how and why scientific know}-
edge changes in response to new
~ -evidence, logical analysis, and modi-
fied explanations debated within a
community of scientists. The work of
the geologist described in Chapter 1,
for example, was guided by his initial
question and the evidence-to-explana-
tHon nature of scientific inquiry.

As with the abilities of inquiry, the
understandings of inquiry are very '
similar from one grade fo the next but
increase in complexity. For example,
. K4 students understand that “scien- -
tists develop explanations using
observations {(evidence) along with
what they already know about the
world (scientific knowledge),” while
students in grades 58 know that
“scientific explanations emphasize
evidence, have logically consistent
arguments, and use scientific prin-
ciples, models, and theories.” Stu-

dents in grades 9-12 understand that
scientific explanations must abide by
the rules of evidence, be open to
possible modifications, and satisfy
other criteria.

Appendix A-2, taken directly from
the Staudards, provides more elabora-
tion for these understandings for each
grade span.

LEARNING THROUGH INQUIRY

AND ITS IMPLICATIONS FOR
TEACHING

Having defined inguiry in partasa
set of student learning outcomes, the
next question becomes: What is
teaching through inquiry, and when
and how should it be done?

‘The science teaching standards
provide a comprehensive view of
science teaching (Table 24). These
standards apply to the many teaching
strategies, including inquiry, that
make up an effective teacher’s reper-
toire. Although the teaching stan-
dards refer to Inquiry, they are also
clear that “inquiry is not the only
strategy for teaching science” {p. 23).

* Nevertheless, inquiry is a central part

of the teaching standards. The
standards say, for example, that
teachers of science “plan an ‘incuiry-
based’ science program,” “focus and
support inquiries,” and “encourage

_and model the skills of scientific

inquiry;”
Because the teaching standards are
50 broad, it is helpful for our purposes
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Table 2-4. Science Teaching Standards

| TEACHING STANDARD A:
Teachers of science plan an inquiry-based science progrom for their students. In doing this,

teachers -

® Develop a framework of yearlong and short-term goals for students.
B Select science content and adapt and design curricula o meet the interests, knowledge, ' -
understanding, abilities, and experiences of students. : ’
B Select teaching and assessment strategies that support the development of siudent under-
standing and nuriure a community of science learners. k

B Work fogether as colleagues within and across disciplines and grads levels.

'

(PO R S P

TEACHING STANDARD B:
. Teachers of science guide and fucilitate learning. In deing this, teachers

M Focus and support inquiries while inferaciing with students.
B Orchesirate discourse among students obout scientific ideas.
B Challenge siudents to accept and share responsibility for their own learning.

. M Recognize and respond fo student diversity and encourage all students o participate fullyin
science leaming.
B Encourage and model the skills of scientific inquiry, as well as the curiosity, openness to new
ideas and data, and skephiciem that characlerize science.

R R T e L G i LR Bt

TEACHING STANDARD C:
Teachers of science engage in ongoing cssessment of their teaching and of student learning. in

doing this, leachers

B Use multiple methods and sysiematically gather data about sfudent understanding and
ability. .

W Analyze assessment daia to guide teaching.

B Guide students in self-assessment.

B Use student data, observafions of teaching, and interactions with colleagues to reflect on-
and improve teaching practice. ' '
B Use student data, observations of teaching, and interaciions with colleagues to report
student achievement and opportunities to learn to students, teachers, parents, policymakers,
and the general public. .

N e e e B e L e
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TEACHING STANDARD D:

Teachers of science design and manage learning enviranmerts that provide students with the fime,
space, and resources needed for learming science. In doing ihis, teachers

® Siruciure the fime availoble so that sfudents are ableto engc:ge in exiended investigofions.
B Create a seffing for student work that is flexible and supportwa of science inquiry.
M Ensure a safe working envirenment.
B Make the available science feols, moterials, media, and technofoglcd resources accessible
fo students.
W identify and use resources cumde the school.

"M Engage siudents in designing the leamning environment.

TEACMING STANDARD E: ' ‘
Teachers of science develop communifies of science learners that veflect the intellectul rigor of

scientific inquiry and the affifudes and social values conducive to science Eectrnmg In doing this,
tecchars

B Display and demand respect for the diverse ideas, skills, and experiences of all siudents.
B Enchle students to have a significant voice in decisions about the content and confext of
their work ond require students fo take responsibility for the learning of all members of the
communiy. '

B Nuriure coflaboration among siudents.

M Struchure and focilifote ongoing formal and informal discussion based on a shored
understanding of rules of scientific discourse.

B Model and emphasize the skills, offitudes, and values of scientific inquiry.

TEACHING STANDARD F:

Teachers of science actively parficipate in the ongoing planning and development of the school
science program. In doing this, feachers

W Plan and develop the school science program.

W Parficipate in decisions cancerning the allocation of fime and other resources fo the science
program.

B Pariicipate fully in planning and implementing professional growth and development
strategies for themselves and their colleagues.

ING
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to focus more on inquiry in class-
rooms: to propose a working defini-
tion that distinguishes inquiry-based
teaching and learning from inquiry in
a general sense and from inquiry as
practiced by scientists. The following
definition is derived in part from the
abilities of inquiry, emphasizing
guestions, evidence, and explanations
within a learning context. Inquiry
teaching and learning have five
essential features that apply across all
grade levels (see Table 2-5).

1. Learners are engaged by scientifi-
cally oriented questions. Scientifically
oriented questions center on objects,
organisms, and events in the natural
world; they connect to the science
concepts described in the content
standards. They are questiops that
lend themselves to empirical investiga-
tion, and lead to gathering and using
data to develop explanations for
scientific phenomena. Scientists

recognize two primary kinds of
scientific questions (Malley, 1992).
Existence questions probe origins and
include many “why” questions. Why

_ do ohjects fall towards the earth?

Why do some rocks contain crystals?
Why do humans have chambered
hearts? Many “why” questions cannot
be addressed by science. There are
also causal/functional questions,
which probe mechanisms and include
most of the “how” questions. How
does sunlight help plants to grow?
How are crystals formed?

Students often ask “why” questions,
In the context of school science, many
of these questions can be changed into
“how” questions and thus lend them-
selves to scientific inquiry. Such’
change narrows and sharpens the .
inquiry and confributes to its being
scientific. '

In the classroom, 4 question robust
and fruitful enough to drive an inquiry
generates a “need to know” in stu-
dents, stimulating additional questions
of “how” and “why” a phenomenon
occurs, The initial queston may
originate from the learner, the teacher,
the instructional materials, the Web,
some other source, or some combina
tion. The teacher plays a critical role
in guiding the identification of ques-
tions, particularly when they come
from students. Fruitful inquiries
evolve from questions that are mean-
ingful and relevant to students, but
they also must be able to be answered
by students’ observations and scien-
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Table 2-53. Essential Features of Classroom Inquiry

& learners are engaged by scienﬁﬁcd.ﬂy oriented quesfions.

& Leamers give priority to evidence, which allows them fo develop and evaluate explanations that address

scientifically oriented questions.

& Leamers formulate explanations fom evidence to address scientifically oriented questions.

& Learners evaluate their explanafions in light of alfemnafive explanations, parficularly those reflecting scientific

understanding

& learners communicate and justify their proposed explonafions.

tific knowledge they obtain from
reliable sources. The knowledge and
procedures students use to answer the
questions must be accessible and
manageable, as well as appropriate to
the students’ developmental level.
Skiltu] teachers help students focus
their questions so that they can
experience both interesting and
productive investigations.

An example of a question that
meets these criteria for young stu-
dents is: how do meatworms respond

_to light? One for older students is:
how do genes influence eye color? An
example of an unproductive question
for younger students is: why do
people behave the way they do? This
question is too open, lending itself to
responses that may or may nothavea
scientific basis. It would be difficultio
gather evidence supporting such
proposed answers as, “it is huroan
nature” or “some supernatural force
wills people to behave the way they
do.” An example of an unproductive
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guestion for older students is: what
wiil the global climate be like in 100

" years? This question is scientific, but
© jtis also very complex. M requiresan

answer that will altost assuredly not
consider all the evidence and argu-
ments that would go into a prediction.
Students might consider individual
factors, for exampie, how would
increasing cloud cover influence
climate change? Or they might
consider causal relationships, for
exampie, what effect would 5 degrees
waarmer (or cooler} temperatures have
on plants? currents? weathei? '
2. Learners give priovity {o evi-
dence, whick allows them o develop
and evaluate explanations that address
scientifically oriented guestions. As the
Standards note, science distinguishes
itself from other ways of knowing
through use of empirical evidence as
the basis for explanations about how
the natural world works. Scientists
concentrate on getting accurate data
from observations of phenomena.

25




They obtain evidence from observa-
tions and measurements taken in

" natural settings such as oceans, or in

contrived settings such 2s laborato-
ries. They use their senses, instru-
ments such as telescopes to enhance

- their senses, or instruments that
measure characteristics that humans -

canpot sense, such as magnetic fields.

In some instances, scientists can
contral conditicns to obtain their
‘evidence; in other instances they
cannot control the conditions or
conirol would distort the phenomena,
so they gather data over a wide range
of naturally occurring conditions and
over a long enough period of time so
that they can infer what the influence
- of different factors might be (AAAS,
1989). The accuracy of the evidence
gathered is verified by checking
measurements, repeating the observa-
tions, or gathering different kinds of
data related to the same phenomenon.
The evidence is subject to questioning
and further investigation. _
The above paragraph explains what

counts as evidence in science. In their

classroom inquiries, students use
evidence to develop explanations for
scientific phenomena. They observe
plants, animal, and rocks, and care-
fully describe their characteristics.
They take measurements of tempera-
ture, distances, and time, and carefully
record them. They observe chemical
reactions and moon phases and chart
their progress. Or they obtain evi-
dence from their teacher, instructional

materials, the Web, or elsewhere, to
“fuel” their inquiries. As the Stan-
dards note, “explanations of how the
natural world changes based on
myths, personal beliefs, religious

values, mystical inspiration, supersti- .

tion, or authority may be personally
useful and socially relevant, but they '
are not scientific” (p. 201). |

3. Learners formulate explanations
Jrom evidence to address scientifically
oriented questions. Although similar to
the previous feature, this aspect of
inquiry emphasizes the path from
evidence to explanation rather than
the criteria for and characteristics of
the evidence. Scientific explanations
are based on reason. They provide
causes for effects and establish
relationships based on evidence and
logical argument. They must be -
consistent with experimental and
observational evidence about nature.
They respect rules of evidence, are

 open fo crificism, and require the use

of various cognitive processes gener-
ally associated with science — for
example, classificafion, analysis,
inference, and prediction, and general
processes such as critical reasoning
and logic. -
Explanations are ways to learn
about what is unfamiliar by relating
what is observed to what is already -
known. So, explanations go beyond.
current knowledge and propose'some
new understanding. For science, this
means building upon the existing
knowledge base. For students, this
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means building new ideas upon their
current understandings. Inboth
cases, the result is proposed new
knowledge. For example, students
may use observational and other
evidence to propose an explanation for
the phases of the moon, for why plants
die under certain conditions and
thrive in others; and for the relation-
ship of diet fo heaith.

4. Learners evaluate their explana-
tions in light of alternative eiplana-
tions, particularly those reflecting
scientific understanding. Evaluation,
and possible elimination or revision of
explanations, is one feature that
distinguishes scientific from other

forms of inquiry and subsequent
explanations. One can ask questions
such as: Does the evidence support
the proposed explanation? Does the
explanation adequately answer the
questions? Are there any apparent
biases or flaws in the reasoning
connecting evideace and explanation?
'Can other reasonable explanations be
detived from the evidence?

Alternative explanations may be
reviewed as students engage in
dialogues, compare results, or check
their results with those proposed by
the teacher or instructional materials.
An essential component of this charac-
teristic is ensuring that students make
the connection between their results
and scientific knowledge appropriate
to their level of development. Thatis,
student explanaﬁons should ulfimately

INQUIRY IN THE NATIONAL SCIENCE EDU.CAT[ON STANDARDS

be consistent with currently accepted
scientific knowledge.

5. Learners communicate and justify
theiy proposed explanations. Scientists
communicate their explanations in

* such a way that their results can be

reproduced. This requires clear
articulation of the question, proce-
dures, evidence, proposed explana-
tion, and review of alfernative explana-
tions. It provides for further skeptical
review and the opportunity for other

-scientists to use the explanation in
work on new guestions. ‘

Having students share their expla-
nations provides others the opportu-
nity to ask questions, examine evi-

dence, identify faulty reasoning, point

out statements that go beyond the
evidence, and suggest alternative
explanations for the same observa-
tions. Sharing explanations can bring
into question or fortify the connec-
tions students have made among the
evidence, existing scienfific knowl
edge, and their proposed explanations.
As 3 result, students can resolve
contradictions and solidify an empiri-
cally based argument.

Taken as a whole, thése essential
features introduce students to many
important agpects of science while
helping them develop a clearer and
deeper knowledge of some particular
science concepts and processes. The
path from formulating scientific
questions, to establishing criteria for
evidence, to proposing, evaluating,
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and then cormmusicating explanations
is an important set of experiences for
school science programs.

Teaching approaches and instruc-
tional materials that make full use of
inquiry include all five of these essen-
fial features. Each of these essential
features can vary, of course. These

' variations might include the amount of
structure a teacher builds into an
activity or the extent to which students
initiate and design an investigation.
For example, every inquiry engages
students in scientifically oriented
questions. However, in some inquiries
students pose the initial question; in
others students choose alternatives or

sharpen the initial question; and in
others the students are provided the-
question. Research demonstrates the
importance of students’ taking ownet-
shi;i of a task, which argues for
engaging students in identifying or
sharpening questions for inquiry. But

~ all variations appropriate for the

particular learning goal are accept-
able, as long as the learning experi-
ence centers on scientifically oriented
questions that engage students’

i 1 g' .

Sometimes inquiries are labeled as
either “full” or “partial.” These labels
refer to the proportion of a sequence
of learning experiences that is inquiry-
based. For example, when a teacher
or textbook does not engage students
with a question but begins by assign-
ing an experiment, an essential
element of inquiry is missiag and the

‘inquiry is partial. Likewise, an inquiry
ig partial if a teacher chooses to
‘demonstrate how something works
rather than have students explore it
and develop their own questions or
explanations. H all five of the essential
elements of classroom inquiry are
present, the inquiry is said to be full.

Inquiry-based teaching can also

vary in the amount of detailed guid-
ance that the teacher provides. Table
2.6 describes variations in the amount
of structure, guidance, and coaching
the teacher provides for students
engaged in inquiry, broken out for
each of the five essential features. It
could be said that most open form of
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inquiry-based teaching and learning
occurs when students’ experiences are
described by the left-hand column in
Table 2-6. However, students rarely -

have the abilities to begin here. They
~ firsthave to learn to ask and evaluate

questions that can be investigated,
what the difference is between evi-
dence and opinion, how to develop a
defensible explanation, and so on. A

more struchured type of teaching

- develops students’ abilities to inquire.

It helps them learn how to determine

“what counts. The degree to which
* teachers structure what students do is

sometimes referred to as “guided”
versus “open” inguiry. - (Note that this
distinction has roots in the history
recounted earlier in the chapter as

| Schwab’s three approaches to “Iabora-

Fable 2-56. Essential Features of Clussroom Inguiry and Their Varictions

Essential Feature

1. learner engoges in
scienfifically oriented

questions

2. learner gives priority
to evidence in
responding o

questions

3. leamer formulate
explanations - from

evidence

4. learner connecis
explanations to
scientific knowledge

Variations
Learner poses o question  Learner selects among tearner sharpens or Learmner engoges in
questions, poses clarifies question guesiion provided by
new questions provided by teacher, teacher, moterials, or
meterials, or other scurce  other source
Learner defermines what  Lecrner directed o leomer given doia and  Learner given dofo
constitutes evidence and  collect certain data usked i onalyze end iold how to
collects it analyze
Learner formuictes Learner guided in learner given possible  Learner provided with
explanaiion after process of formulafing ways fo use evidence fo evidence
summarizing evidence explonations from formulate explanation
' evidence
Leamner independently  Learner directed foward  Leamner given possible
examines other resources  areds and sources of .connections
and forms the links fo scientific knowledge '
explanations
5. lecrner communicates  Learner forms reosonable  Leamer coached in Learner provided broad  Learner given steps

and justifies
explanafions

ond logical argument to

More

Less

developmenf of
communicate explonations  communicafion

Amount of Learner Self-Direction
Amount of Direction from Teacher or Material

communication

communicaiion

guidelines fo use sharpen  and procedures for

Less

More

INQUIRY IN THE NATIONAL SCIENCE EDUCATION STANDARDS

- 85

29




30

tories” which vary in their degree of
structure and guidance by teachers or
materials) Table 2-6 illustrates that
inquiry-based learning cannot simply

“be characterized as one or the other.

Instead, the more responsibility
learners have for posing and respond-
ing to questions, designing investiga-
tions, and extracting and communicat-
ing their learning, the more “open”
the inquiry (that is, the closer to the
ieft colurrm in Table 2-6). The more
responsibility the teacher takes,

the more guided the inquiry (that is,

' the closer to the right column on

Table 2-6).

Experiences that vary in “open-
ness” are needed to develop the
inquiry abilities in Table 2-2. Guided
inquiry can best focus learning on the
development of particular science
concepts. More open inguiry will
afford the best opportunities for

cognitive development and scientific
reasoning. Students should have
opportunities to participate in all types
of inquiries in the course of their
science learning.

How does a teacher decide how
much guidance to provide iman
inguiry? In making this decision, a
key element is the intended learning
outcomes. Whether the teacher wants
students to learn a particular science
concept, acquire certain inquiry
abilities, or develop understandings
about scientific inquiry (or some
combination) influences the nature of
the inquiry.

Below are examples of learning
experiences designed to incorporate
some form of inquiry. (Note the
emphasis on series of lessons or

-learning experiences, rather than

single lessons, illustrating that inquir-
ies require time to unfold and for
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students to learn.} Each example
considers not only the learning
outcomes and the teaching strategy
but the way the teacher will assess
whether students have achieved the
intended outcome. Assessmentisa
crifical aspect of inquiry because it
sharpens and defines the design of
learning experiences. When teachers
know what they want students to
demonstrate, they can better hel;
them learn to do'so. o
As one example, consider a series
of lessons in which the learning
outcome is for students to strengthen
all the fundamental abilities of inquiry.
In Chapter 1, when Mrs. Graham was
presented with an interesting question
from her students, she recognized an
“opportunity for her students to engage
in a lezrning activity where they could
complete a full inquiry originating

with their question about the trees and -

culminating In cormmrnunication of
scientific explanations based on
evidence. The inquiry incorporated all
five essential features, with student
engagement described by the left
coluimin in Table 2-6. Through her
assistance and coaching, Mrs. Graham
helped the students learn howto
clarify their questions and identify
possible explanations that could be
tested by scientific investigations. She
helped them learn the importance of
examining alternative explanations
and comparing them with the evi-
dence gathered. She helped students
understand the relationship between

evidence and explanation. As aresult,
the students not only learned some
science subject matter related to the
growth of trees, they also developed
specific inquiry abiliies.

A second example focuses on
developing student understandings
about scientific inquiry, A high school
biology teacher is plénning student
learning activities for 2 unit on biologi-
cal evolution. Several of the classroom
investigations and discussions focus
on factors leading to adaptation in
organisms. Because of the interesting
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historical development of these

. scientific ideas, the teacher decides to

take advantage of the opportunity to
develop students’ understanding of
how scientific inquiry works. The
assessment for this learning ouicome
is for students to be able to describe

the place of logic, evidence, criticism,

and modification in the account ofa
scientific discovery. Based on read-
ings about past and current investige-

* tions of evolution on the Galapagos

Islands (including Darwin’s On the
Origin of Species and The Beak of the
Finch by Jonathan Weiner), students
discuss and answer the following
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questions: What led to past and
current investigation of the finches on
the islands? How have investigations
differed, and how have they been
similar? Have the scientific explana-
tions derived from these investigations
been logically consistent? Based on
evidence? Open to skeptical review?
Built on a knowledge base of other

experiments? Following the readings -

- and discussion of the questions, the
teacher would have student groups
prepare oral reports on the topic “The
Role of Inquiry in Science.”

‘This learning activity does not
contain all of the essential features of
classroom inguiry, but many features
are present. The activity engages
students in scientifically oriented
questions. It promotes discussion of
the priority of evidence in developing
scientific explanations. It connects
those explanations to accepted scien-
tific knowledge. And it requires
students {0 communicate their under
standings of scientific inquiry to
others. This activity thus could be an
integral part of a sequence of learning
opportunities that in fotal contains all
five essential features of inquiry. .

As a final example, consider a
series of lessons that seeks to have
students develop an understanding
of the concept of density. One way
to determine the best teaching
strategy for this particular outcome
would be to think about how stu-
dents might demonstrate that they
understand density. One perfor-

mance assessment for older elemnen-
tary students might be to provide
them with objects of different densi-
ties, a scale, and a water-filled flask
with volume markings on the side.
Students would then be asked to
select objects and, using the scale
and flask, determine their densities.
Given this assessment, what kinds of
inquiry learning experiences would
help students understand density
well enough to be successful? One
teaching strategy would be a series
of laboratory activities framed by
questions requiring the gathering
and use of evidence to develop
explanations about mass and volume
relationships. Students would
connect their explanations to scien-
tific explanations provided by the
teacher and their text, so all five
essential features of classroom
inguiry would be incorporated.

PROVIDING COHERENT

INQUIRY-BASED INSTRUCTION
— INSTRUCTIONAL MODELS

How can the features of inquiry be

- combined in a series of coherent

learning experiences that help stu-
dents build new understandings over
time? Instructional models offer a
particularly useful way for teachers to
improve their use of inquiry.
Instructional models originated in
observations of how people learn. As
early as the turn of the century,
Herbart's (1901) ideas about teaching
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included starting with students’
interest in the natural world and in
interactons with others. Theteacher
crafted learning experiences that

" expanded concepts students already

knew and explained others they could
not be expected to discover. Students
then applied the concepts to new
situations. Later, Dewey (1910) built
upon the idea of reflective ‘experience
in which students began with a

. perplexing situation, forrmilated a

tentative interpretation or hypothesis,
tested the hypoﬂnesis o arrive ata
solution, and acted upon the solution.
Dewey’s prior expetience as a science
teacher explains the obvious connec-
tion between reflective thinking and
scientific inquiry (Bybee, 1997).
Piaget’s theory of development
contributed much to the elaboration of
instructional models (Piaget, 1975;
Piaget and Inhelder, 1969). In his
view, learning begins when individuals
experience disequilibrium: a discrep-

- ancy between their ideas and ideas

they encounter in their environments
(that is, what they think they know:
and what they observe or experience).
To bring their understanding back
into equilibrium, they must adaptor -
change their cognitive structure
through interaction with the
environment.

Piaget's work was the basis for the
learning cycle, an instructional model,
proposed by Atkin and Karplus (1962)
and used in the SCIS elementary
science curriculum. Although the
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learning cycle has undergone elabora-
tion and modification over time, its
phases and normal sequence are
typically represented as exploration,
invention, and discovery. Egploration '
refers to relatively unstructured
experiences when students gather
new information. Invention refers to
the formal statement of 2 new concept
— often a definition — in which
students interpret newly acquired
information by restructuring their
prior concepts. Discovery involves
applying the new concepttoa novel
situation.

Research on how people learn
(discussed in detail in Chapter 6)
suggests a dypamic and interactive
view of human learning. Students
bring to a learning experience their .
current explanations, attitudes, and
abilities. Through meaningful interac-
tions with their environment, with
their teachers, and among themselves,
they reorganize, redefine, and replace
their initial explanations, attitudes, and
abilities. An instructional model
incorporates the features of nquiry
into a sequence of experiences de-
signed to_chaﬂenge-swdeﬁts’ current
conceptions and provide time and
opportunities for reconstruction, or
learning, to occur (Bybee, 1997},

A number of different instructional
models have been developed that can
help teachers organize and sequence
inquiry-oriented learning experiences
for their students. All can incorporate
the essential features of inquiry. They

I SCIENCE EDUCATION STANDARDS




Table 2-7. Common Components Shared by Instructional Models

& Phase 1: Students engage with o scientific quesfion, event, or phenomenon. This conniscts with
what they already know, crectes dlssonunce with their own ideas, ‘and/or mofivates them fo
learn more.

& Phase 2: Students explore ideas though hands-on experiences, formukate and test hypotheses,
solve problems, and create explanations for what they observe.

- Phase 3: Students analyze and inferpret data, synthesize their ideas, build models, and clerify
. concepts and-explanations with feachers and other sources of scientific knowledge.

& Phase 4 Students extend their new understonding and ubzhrles and apply what they have
learned to new situctions.

« Phose 5: Students, with their tecchers, review and assess what they have learned and how

they have learned it.

seek to engage students in important
scientific questions, give students
opportunities to explore and create
their own explanations, provide

- scientific explanations and help
students connect these to thelr own
ideas, and create opportunities for
students to extend, apply, and evaluate
what they have learned. Common
components or phases that are shared
by instructional models are shown in
Table 2-.7.

Instructional models have helped
teachers and those who support them
- i1 particular, curriculum developers
— to design instruction in ways that
attend to how learning occurs and
afford students opportunities to
engage in scientific inquiry. The
primary disadvantage of instructional
models zpplies to models in general:
by definition, they simplify the world.
Teachers and others can be misled
into thinking of them as lockstep,
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prescriptive devices — rather than as
general guides for designing instruc-
tion that help learning to unfold
through inquiry, which must always
be adapted to the needs of particular
learners, the specific learning goals,
and the context for learning.

SOME MYTHS ABOUT
INQUIRY-BASED
LEARNING AND TEACHING

A number of myths about inquiry-
based learning and teaching have at
times been wrongly attributed to the
National Science Education Standards.
These myths threaten to inhibit
progress in science education reform
either by characterizing inquiry as too
difficuit to achieve or by neglecting
the essential features of inquiry-based
learning. Listed below are responses
to five o these mistaken beliefs.
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Myth 1: All science subject matier

 should be taught through inguiry.
. Teaching science effectively requires
2 variety of approaches and sfrategies.

It is not possible in practice to teach all
science subject matter through
inquiry, nor is it desirable to do so.
Teaching all of science using only one
method would be ineffective, and it
would probably become boring for

. - students.

Myth 2: True inquiry occurs only
“when students genevate and pursue
their own questions. For students to
develop the ability to ask questions,
they must “practice” asking questions.
But if the desfred outcome is learning
scienice subject matter, the source of
the question is less important that the
nature of the question itseff. Ttis
important to note, however, thatin
today's science classrooms students '
rarely have opportunities to ask and
pursue their own questions. Students
will need some of these opportunities
to develop advanced inquiry abilities
and to understand how scientific

" Imowledge is pursued.

Myth 3: Inquiry teaching occurs -
easily through use of hands-on or kit-
based instructional materials. These
materials can increase the probability
that students’ thinking will be focused
on the right things and learning will
occur in the right sequence. However,
the use of even the best materials does
not guarantee that students are

INQUIRY AND THE NATIONAL SCIENCE EDUCATION STANDARDS

engaged in rich inquiry, nor that they

' are learning as intended. A skilled

teacher remains the key to effective
instruction. He or she must pay'
careful attention to whether and how
the materials incorporate the five
essential features of inquiry. Using
these five features to review materials
as well as to assess classroom practice
should enhance the kinds and depth of
learning.

Myth 4: Student engagement in
hands-on activities guarantees that
inguiry teaching and leayning are
occurring. Although participation by
students in activities is desirable, it is
not sufficient to guarantee their
mental engagement in any of the
essential features of inquii'y. )

Myth 5: Inquiry can be taught
without aitention lo subject matier.
Some of the rhetoric of the 1960s was
used to promote the idea that learning
science processes should be the only
meaningful outcome of science
education. Today, there are educators
who still maintzin that if students
learn the processes of science, they
can learn any content they need by
applying these processes. Butas
stated at the beginning of this chapter,
student understanding of inquiry does
not, and cannot, develop in isolation-
from science subject matter. Rather,

students start from what they know
and inquire into things they do not
know. I in some instances, a
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teacher’s desired primary outcome is
that students learn to conduct an
inquiry, science subject matter serves
as a means to that end. Scientific
knowledge remains important. The
abilities and understandings outlined
in the Standards extend beyond the
processes of science fo engage stu-
dents in a full complement of thinking
and learning science.

CONCLUSION

This chapter has provided the
definitions of inquiry and inguiry-

based teaching that undergird the
Standards. Chapter 3 will present a
series of classroom vignettes that
Hlistrate how elementary, middle, and
high school teachers design different
kinds of inquiries to achieve diffierent
learning outcomes. Chapter 4 will
look at assessment: within the context
of good instruction, how can the
achievement of different learning
outcomes best be assessed? Subse-
quent chapters then turn to how
teachers can be prepared and sup-
ported to use these strategies in their
classrooms.
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