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Abstract

With the publications of the National Science Educa-
tion Standards (NSES), How People Learn (NRC,
2000), and How Students Learn Science (HSLS)
(NRC, 2005), educators are developing inquiry strate-
gies that are effective as well as engaging. Under-
standing the principles that are identified in these
publications enables the science educator to be more
effective and to help students improve their under-
standing of science. The key to being an effective
science educator is to understand how students learn
science. Knowledge of how students learn has raised
the awareness to the forms of pedagogy that involves
inquiry. Educators are learning from research in the
areas of neuroscience and education to improve their
skills in the classroom. Professional development at
both the pre-service and in-service levels will enable
educators to focus on student learning along with the
pedagogy utilized.

Keywords
Inquiry, Pedagogy

INTRODUCTION
With the publications of the National Science Educa-
tion Standards (NSES), How People Learn (NRC,
2000), and How Students Learn Science (HSLS)
(NRC, 2005), educators are developing inquiry strate-
gies that are effective as well as engaging. Under-
standing the principles that are identified in these
publications enables the science educator to be more
effective and to help students improve their under-
standing of science. Professional development in the
past has focused on how educators deliver the content
instead of focusing on student learning. The key to
being an effective science educator is to understand
how students learn science. Educators must engage
the prior understanding of students, provide experi-
ences of “doing science” for deeper understanding
of the content, and provide opportunities for students
to assess their own learning (NRC, 2005). The most
common strategy to help students to accomplish these
principles is to do investigations using inquiry. De-
fining inquiry has resulted in many different varia-
tions that have confused science educators in how
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to approach it in their classrooms. The NSES (NRC,
1996) have provided science educators with the tools
to assess their “inquiry” strategies and to implement
effective inquiry strategies. With publications such as
Exemplary Science in Grades 9-12 from the NSTA
Press, educators gain confidence that their efforts will
be effective in improving achievement and interest in
science.

INQUIRY
The NSES provided a very formal definition of
“inquiry” focusing on how scientists approach their
research of the natural world and the use of evidence
to provide explanations. This definition also applied
to the science classroom to include the activities used
by students to gain in their understanding of scien-
tific ideas (NRC, 1996). Other perceptions regarding
“inquiry” included the art and spirit of imagination
as well as the wonderment of the investigation (LI-
wellyn, 2007; Hammerman, 2006). All perceptions
regarding inquiry included the importance of the
students’ interests as well as what the teacher is trying
to cover in the curriculum.

Is All Inquiry Equal?

Misconceptions about inquiry by science educators
have resulted in them not recognizing that inquiry can
take many forms. The NSES identified five features
of inquiry to guide in the development of science
classroom activities. The features were placed on a
continuum to help the science teacher understand

the amount of learner self-direction and the amount
of direction from the teacher or material (Table 1).
Table 1 serves as a tool for the teacher in determining
the degree of inquiry associated with any classroom
activity.

Educators can use the information in Table 1 to com-
pare their use of inquiry found in classroom investiga-
tions. Bell, Smetana, and Binns (2005) also defined
four levels of inquiry by focusing again on what is
given to and expected by the student (Table 2).



Table 1. Essential Features of Classroom Inquiry and
Their Variations

Variation

Learner selects
amang questicns,
POSES NEW QuEsTions.

Learner sharpens or
dlarifies question
provided by teacher
or other sources.

Learner engages in
gueston provided by
teacher, materals, or
other somrce.

Learner directed to

Learner given data
and asked to analyre

Learner given data
and told how to
analyie

Learner formulates
explananend sfer
summarnzing evidence

Learner guided in
process of
tormulating
explanatons from
evidence

Learner given
poitible ways 16 uie
evidence to
tormulate
enplanation.

Learner provided
with evidence

Learner ndependently
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resources and forma the
bnks 1o explanations.
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knowledge

Learner forma
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argument to
communicate
explarations

Learner cosched in
of

Learner provided
broad ach W

Learrer given sheps
and for

communication

tharpen
ommunication

communication.

NRC (2000)

Table 2. Modified Version of the Four-level Model
of Inquiry. How much information is given to the
student? (Bell, Smetana & Binns, 2005)

Level of Question? Methods? | Solutions?
Inquiry
Confirmed X X
Structured X
Guided X
Open

These levels of inquiry can be further defined as:

e Confirmed Inquiry: Students confirm a science
principle through an activity in which the results
are known in advance.

e Structured Inquiry: Students investigate a teacher-
presented question through a prescribed proce-

dure.

¢ Guided Inquiry: Students investigate a teacher-
presented question using student-designed or
student-selected procedures.

e Open Inquiry: Students investigate topic-related
questions that are student formulated through
student-designed or student-selected procedures.
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Understanding the different levels of inquiry as well
as the NSES inquiry features table guides science
educators in developing a curriculum through which
students are more actively involved in the inquiry pro-
cess. Educators can assess their classroom activities
by comparing them to both the NSES essential fea-
tures table and the table of the four levels of inquiry.
From my experience as a high school biology teacher,
using guided inquiry can provide many opportunities
for students to be actively involved in inquiry. Figure
1 is an example of how guided inquiry can be utilized
in a science classroom. Students are involved in the
many steps that lead to more questions and more
inquiry.

Figure 1. A Heuristic for Teaching and Learning
Science through Guided Inquiry (How Students
Learn, 2005)
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Inquiry Classroom Pedagogy

My experience in incorporating the different levels
of inquiry has included using the SE Learning Cycle,
laboratory modifications, questioning techniques, and
assessment and metacognition for students.

SE Learning Cycle

The 5E Learning Cycle (Bybee, 2002) includes en-
gagement, exploration, explanation, extension, and
evaluation. These stages are directly related to the five
features of inquiry as presented by the NSES. In my
biology classroom, I developed activities that focused
on a problem that was related to the biology con-

tent and to the interests of the students. The students
were able to use their creativity to design different



approaches in solving the problems presented. As a
result, the students were able to ask questions of me
but also of their peers. They were able to compare
their results with others to determine the effectiveness
of their evidence. Throughout the process, [ was able
to ascertain what knowledge students brought to the
activity, to provide them with an avenue to “do sci-
ence,” and to provide them the opportunity to reflect
on what they discovered and learned about the biol-
ogy content.

Laboratory Modification

Many laboratory manuals that are associated with a
science textbook utilize investigations that confirm
science content. Students are provided with the exact
equipment and material needed, specific instructions,
and a worksheet that outlines what data should be col-
lected. These laboratories, when performed by stu-
dents, may not always turn out the way they should.
The effective science educator will turn these aberra-
tions into teachable moments. Having the students
reflect on their steps, as well as the materials used,
provides a means to study the science content.

Approaches to modifying the laboratories can be
selected to help the students be better skilled in the
inquiry features as presented in the NSES. It is impor-
tant when doing the modifications to select an activ-
ity with goals other than teaching specific skills. For
example, if you want students to make decisions on
what questions to investigate, remove the introduc-
tory questions from the laboratory handout. Instead,
provide a discrepant event and let the students decide
on the question/s to investigate. If you want students
to think about what procedures should be used to in-
vestigate a given question, remove the student proce-
dures all together. Just provide what materials would
be available for the experiment. If you want students
to learn how to select appropriate data and how to
organize the data, remove any data charts that appear
on the laboratory hand out. This step provides for a
variety of data tables as well as increases communica-
tion among the students.

These modifications will require students to discuss
their prior knowledge, ask questions that spark ideas,
reduce student frustration, make students responsible
for communicating their lab work in a clear manner,
and structure an experience so students must be men-
tally engaged in the lab when students cannot invent
laboratory procedures.
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Inquiry Questions

Science educators may find with focused practice
how the type of question used can impact how stu-
dents think. Selecting a different type of question can
push the student to think at a higher level of inquiry.
Llewellyn (2007) identified four types of questions
that science educators can utilize to help the student
become an independent thinker instead of relying
solely on their science teacher for information. These
questions include:

e Clarifying Questions: Ask the student to be more
specific about a response given to the teacher or
why the data presented is important to the ques-
tion.

e Focusing Questions: Ask the student to provide an
example to a response to another question.

e Probing Questions: Ask the student what might
happen is she tried to modify an element in an
investigation.

e Prompting Questions: Ask the student what might
happen to a new suggestion provided by the
teacher. This also serves as a guiding question.

Using verbs such as “does,” “how can,” “how come,”
and “what if” allow for more possibilities in respons-
es than questions that start with “why.” These types of
questions are open-ended, allowing the student to not
worry about the correct answer. Using this strategy
provides the educator a method of determining how
the student is processing the science content.

Assessment and Metacognition of Student Learning
Assessment of inquiry is found within both formative
and summative assessment. Formative assessment
can be either planned (a quiz or written assignment)
or through interactive assessment (using questions

in a student discussion). Using concept mapping or
minute papers, for example, provide both the educa-
tor and student information on what was learned from
an activity. The development of rubrics provides the
scoring on the expected outcomes of students. Table 3
provides an example of a balanced scoring rubric.

CONCLUSION
Why use inquiry? Using the NSES inquiry features
chart and principles of how students learn science has
impacted two areas: student achievement and attitudes
toward science.



Table 3. Example of a Balanced Scoring Rubric.
Science as Inquiry in the Secondary Setting (NSTA
Press, 2008, p. 114)
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Using the guided inquiry approach in an honors
biology class has resulted in improvement of student
achievement. A statistical analysis of the quantitative
data assessing lessons using the SE Learning Cycle
resulted in a significant difference when compar-

ing didactic approaches to the inquiry approach. In
addition, the qualitative data illustrated that students
preferred to work in groups, to see and touch materi-
als, and to have the opportunities to communicate
student ideas (Hayes, 2005). Hayes (2005) conducted
a study on the relationship of the NSES to middle
school girls’ attitudes toward science. Those middle
school girls who were engaged in inquiry strategies
demonstrated increased student-student interactions,
increased student-teacher interactions, more inter-
est in science, and positive attitudes toward science.
Other positive results from the utilization of inquiry
are presented in the NSTA publication Exemplary
Science in Grades 9-12: Standards-Based Success
Stories (edited by Robert E. Yager). Science teachers
can learn from these successful models to build upon
their inquiry pedagogy and improve student skills.

Dr. Carolyn A. Hayes (caahayes@comcast.net) is a
part-time curriculum specialist at Indiana University
School of Medicine. She has more than 30 years of bi-
ology teaching experience in Indiana public schools.
She is active in NSTA and HASTI and has held many
leadership positions in both organizations. Hayes

has written, directed, and produced science videos
focusing on inquiry and elementary science activities.
She has presented several sessions at both state and
national science conferences focusing on inquiry, as-
sessment, elementary science activities, and neurosci-
ence and student learning.
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